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How are mussels doing?
Where should we focus efforts?

Bouska et al., 2018. Fisheries



Develop a spatial assessment of the status and risks to mussel 
assemblages in the Meramec River Basin. 

1. ID conservation unit

2. ID suitable habitat at scale relevant to managers & 
mussels

3. Spatially ID threats to mussels & ID areas at risk

4. Develop datasets and guidance for managers

Statewide MDC Long-term large dataset

Meramec River Basin:

Heavily sampled

Diverse (~40 sp) watershed 



Conservation Unit = Mussel Beds

Modeling Mussel Communities as a unit

 Multi-species beds

 Hydrogeomorphic Variables

• Response variables

 Presence/Absence of beds

 Species Richness 

 Informative, cost effective

 Measurable

 ID & Quantify threat impacts



Bouska et al., 2018. Fisheries



Past Modeling Efforts
• Microhabitat scale

 Quadrat – substrate type and size

 Difficult to scale up to watershed 
or even reach scale

• Reach scale
 100m reach

 water chemistry & habitat type

 Difficult to scale up to entire 
watershed

• Watershed scale
 Information limits

 Geology

 Regional comparisons



Riverscape Scale

• Continuous

• Longitudinal 

• Scalable

• Benefits

 Predictive potential

 Relevant to managers

 Relevant to mussels?

Demarchi et al 2016



Goal 1: ID Suitable Habitat

Objectives

1. ID high richness bed locations 

2. Derive “Riverscape” hydro-geomorphic variables

3. Develop a fundamental niche model 



ID High Richness Locations

High SR (>70th)           = Used in Model Training

Mid SR (50th – 70th)   = Used in Validation

Low SR (< 50th)           = Used in Validation



Lateral Channel Stability 



Gravel Bars



Drought
Refugia?



Bluffs?

Stream Power



Final Model 
Hydrogeomorphic

Riverscape scale variables

• Lateral stability 

• Distance to stable gravel bar

• Presence of gravel

• Stream power

• Bluff area  adjacency

• Low water







179 of 289 reaches = Suitable
83% (53/64) of Validation Beds within Suitable 

7 seemed associated with similar portions of the channel



Goal 1 Outcomes

1. Mussel beds can be modeled as a unit 

2. SR can be a useful metric

3. Riverscape hydrogeomorphic variables 
were successful in predicting suitable 
habitat

Successfully tested in 2 other Ozark 
watersheds

Under review in FMBC:

Hartman et al. 

ASSESSING POTENTIAL HABITAT FOR 
FRESHWATER MUSSELS BY TRANSFERRING 
A HABITAT SUITABILITY MODEL WITHIN 
THE OZARK ECOREGION, MISSOURI

Hartman et al. Under Review 





Goal 2: Spatially ID threats 
& suitable reaches at risk

Objectives:
1. Stratified random sampling field design 

SR data for suitable reaches

2. ID & quantifying potential threats

3. ID realized threats via modeling

4. Categorize & prioritize reaches



179

60

41 Beds

Stratified Random

Sampling

53

289



Potential Threat Covariates
Threat covariates
1. River 
2. Length of reach 
3. Distance to closest suitable 

reach
4. Distance to closest dam
5. Within 1km of a float zone
6. Within lead impact zone
7. Within 1km of a golf course
8. Within 1km of a landfill

Watershed & Reach level threat covariates

1. # of Road Crossings

2. P/A of Road Crossing

3. # of CAFOS

4. # of dams

5. # of hazardous waste generators

6. # of water treatment facilities 

7. # of public access

8. % urban

9. % barren

10. % forest

11. % agriculture

12. % grasslands

13. % wetlands

14. # of Road Crossings

15. # of CAFOS

16. # of dams

17. # of registered hazardous waste generators

18. # of water treatment facilities 

19. # of outfall locations of stormwater

20. # of NPDES permitted discharge features

24 variables tested in model development



Two-Method Threat Modeling Approach

1. MaxEnt Modeling

ID threats that influence P/A of mussel beds

2. Occupancy Modeling
Account for imperfect detection (species specific effects)

Estimate SR for each suitable reach

 ID threats that influence SR/specific species



Maxent Threat Modeling

Inputs
•Mussel bed locations (n=41) 

•Spatial threat variables

Outputs

• Binary Map
• Equal specificity and sensitivity logistic threshold

• Threat Impacted reaches (Low Scores)

• Minimally Impacted reaches (High Scores)

• Response curves for each threat

Method 1

P/A Mussel Bed



133 Minimally Impacted reaches and 156 Threat Impacted reaches

Original Model

Threat Model





Occupancy Modeling

Inputs
• Raw species richness (Field Data)

• Detection data

• Threat site covariates

Output

• Species richness estimate based on 
imperfect detection

• Variable significance to the model

• Occupancy probability for each species at 
each sampled site

Predict SR and species occupancy for unsampled sites 

using output species-specific presence probabilities 

associated with threats

Bayesian Framework with Markov chain Monte Carlo (MCMC)

JAGS ‘R2jags’ in R

Method 2

Species Richness
Species Specific Effects



Occupancy Modeling Results

• Predict Species Richness Estimates

• Occupancy Probabilities

• ID risk level



Categorize 

& 

Prioritize133 156

29 126 134



Original Model

Risk Assessment 



Monitoring by Risk Level



Deliverables to MDC

• Guidance document

 Framework 

 Reach-specific information 

 all 289 suitable reaches 

 SR Predictions

 Species occupancy 
probability

 Threat information 

• GIS Data

 Spatial variables

 Model results

• Modeling codes

• Adaptive framework













Outcomes

Successfully tested in 
other MO watersheds
Hartman et al. ASSESSING POTENTIAL 
HABITAT FOR FRESHWATER MUSSELS BY 
TRANSFERRING A HABITAT SUITABILITY 
MODEL WITHIN THE OZARK ECOREGION, 
MISSOURI

Framework being Implemented in TN
2 regions
Duck River, TN <- Brittany Bajo-Walker
Hatchie River, TN <-Looking for MS student!
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Species Richness

River 

Non-metric multidimensional scaling (NMDS) 






