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• Nearshore  food web 
structure and dynamics 

• Changes in nutrient 
and energy dynamics 

• Development of 
nearshore ecosystem 
model.



net plankton flux

dissolved nutrients

0 m

5

10

15

20

25

30

thermocline

Cladophora growth zone

plankton
nutrients

NEARSHORE ZONE OFFSHORE

plankton

mussels

Cladophora

Waste

River Nutrients

waste





Experimental Removal Questions

• Do mussels recolonize the site after removal?

• How do other biota respond to removal?

– Cladophora (does mussel removal reduce 
nuisance algal growth?)

– Invertebrates

– Microbial community (esp. Clostridium botulinum)

– Fish (esp. gobies in near-term)



The Removal Process







• After many hours of work 
by UWM and citizen divers 
during summer of 2016:

– ~1 million mussels removed

– ~40 m2 cleared



Preliminary Results

• In spring / early summer, benthic algae are dominated 
by diatoms (on both scraped and control areas).

• As the community changes over the summer, algae 
become less abundant on the scraped rocks than on 
control rocks.

• Algae on scraped rocks also have a lower phosphorus 
content.

• Algae on scraped rocks remain predominantly 
diatoms, while algae on control rocks is primarily 
Cladophora and other filamentous greens.

• Mussels appear to be an important source of 
phosphorus for benthic algae.







Benthic Phosphorus Flux
Oct. 9/17, Wavy, 

Bottom [SRP] = 1.6 ug L-1



In spring and early summer, both control and 
scraped rocks dominated by benthic diatoms.



By August (2018), biomass was lower on scraped 
rocks, and species composition differed from 
that on control rocks.

Control Scraped



Algae on scraped rocks also had lower 
chlorophyll content.

Control Scraped



Considerations
• Manual removal is labor 

intensive. 
– Lots of divers needed 

(although divers also 
needed for other removal 
methods).

• Pre-and post-treatment 
monitoring are critical. 
– High frequency monitoring 

with  cameras, in situ 
sensors helps characterize 
ecosystem response.

• Treatment scale may be 
limited.
– Some biota (e.g., fish) 

require larger-scale removal 
efforts.



Considerations, continued

• Long-term success depends on context:
– Community composition. In Lake Michigan, round 

gobies likely provide post-removal biocontrol.
– Depth and substrate. Predation by round gobies is 

highest at shallower depths and on rockier 
substrates.

– Propagule pressure. Odds of mussel re-establishment 
may be lower if there aren’t new propagules from 
surrounding populations, upstream populations, or 
other sources.

– Habitat. Odds of mussel re-establishment may be 
lower at sites with marginal calcium concentrations, 
low food quality, etc. – i.e., where populations are 
not thriving.

*Note: many of these are not specific to manual removal methods.



Benefits of Manual Removal

• Substrate “reset” if 
mussels and shells 
removed from site (no 
confounding effects 
mussel decomposition)

• Can be performed in 
open water context 
without use of barriers

• Minimal permitting issues



Limitations to Manual Removal

• Scale of applications 
likely small

• Access to dive expertise 
and boats often 
challenging



Partnerships

• Citizen Dive Program
– Dive coordination and 

support through MOU 
(NPS, UWM, NMC, and 
Scuba North)

– Financial support from 
GLRI and NPCA (National 
Parks Conservation 
Association)

• Michigan DNR –
Charlevoix Fisheries 
Research Station



Other Potential Applications 

• High-risk locations 
(e.g., docks, marinas)

– These are routinely 
surveyed and mussels 
removed as they’re 
found at Apostle 
Islands and Isle Royale

Single zebra mussel



Other Potential Applications 

• High-value resources 
(e.g., shipwrecks, 
native mussels)
– At Apostle Islands, 

invasive mussels are 
being removed from the 
Sevona, a lightly 
infested shipwreck

– On the St. Croix River, 
invasive mussels have 
been experimentally 
removed from native 
mussels



Other Potential Applications 

• Isolated populations

– >2,300 mussels have 
been manually 
removed from an 
isolated population 
near a dock at Isle 
Royale in recent 
weeks
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Other Potential Applications 

• Experimental trials

– Atwater, near Milwaukee

– Tarp smother

• Ultimately, need to do 
at scale large enough 
to determine effects 
on fish community.


