
Effects of sediment buffering and predator 
exclusion on soft-shell clams   

Dr. Brian Beal 1, 2, Sara Randall  1, Chad Coffin 3, and Clint Goodenow 3 

1.Downeast Institute 
2. University of Maine at Machias 
3. Maine Clammers Association 

Gulf of Maine 2050 
Portland, ME 
Nov. 5, 2019 



Maine 

Downeast	

Mid	Coast	

Southern	

Downeast	Ins+tute,	
Beals	 •  Center for Shellfish Production & Research 

•  Education Center 



Soft-shell clam decline 
²  Statewide landings have 

declined 75% over the past 40 
years. 

²  Casco Bay hard hit. 
²  “Dead mud” = non-commercially 

productive areas. 
²  Commercial clam populations 

are now found primarily in 
upper intertidal. 

²  Coincides with unprecedented 
increases in GoM sea surface 
temperatures. 

ME clam landings w/ average minimum monthly temperatures 

Graph	by	Dr.	Brian	Beal.	Data	from	ME	DMR.	Boothbay	Harbor	(BBH)	Sea	
Water	Temperature	Record.	



2014-2018	applied	field	research		

Ø  Find cause(s) of the decline 
and obtain information that 
can be used to sustain the 
fishery and enhance 
populations.  

Ø  27 experiments @ 81 different 
field sites + 

Ø  Cooperative research 



Cause of the clam decline? 
Predation 
•  Invasive green crab population 

increases are correlated with warming 
waters. 

•  Waters have been warming for 40 
years.  

Ocean/coastal acidification 
•  Increased carbon dioxide (CO2) in the 

atmosphere combined with seawater 
creates a more acidic (lower pH) 
environment. 

•  Acid (low pH) makes it difficult for 
shellfish to grow shells (calcification). 

	
Crabs	caught	by	trap	in	2015	



Sediment buffering to decrease acidity 
	

à  Spreading shells or other forms of 
calcium carbonate (CaCO3) to 
remediate the impacts of local 
acidification à to decrease acidity of 
clam flats. 

 

Maine OA Task Force (2015): “Research 
into mitigation, specifically regarding 
sediment buffering” was named a 
“Specific Research & Monitoring 
Priority”. 

Crushed	clam	shells	 Sediment	buffering	



pH	ca:	7.2-7.4	

3-year	study	at	4	mudflats	in	Freeport	



What is the relative importance of  
sediment buffering vs. predation  

in limiting recruitment levels of soft-shell clams? 
1)  Identify mud flats that have/had relatively low pH and where few 

juvenile clams are found. 
2)  Attempt to buffer plots within the identified flats with different 

densities of crushed and weathered shells. 
3) Protect ½ of the plots with predator-deterrent netting. 
4) Measure how many clam recruits are found in each treatment. 



2014- 2015: Large and small-scale experiments 

Lg. scale: 6 treatments (10 x 10-ft 
plots) replicated 5xs.   

Sm. scale: 8 treatments (6-in 
plant pots) replicated 10xs.  

Crushed clam shell added to plots: 
1.  26 lbs.  
2.  13 lbs. 
3.  0 lbs. 

NeQng	aperture:	4.2	mm.		

Substrate amendments: 
1)  crushed shell 
2)  marble chips (hard limestone) 
3)  granite rocks 
4)  none 

a)	marble	chips	b)	crushed	shell	



End of the year sampling 

Winslow	Park,	2015	



2016	field	experiments	

12 treatments (6-in plant pots) replicated 10xs at 2 locations (n=240). 

Buffering/substrate additions: 
1)  Small clam shell (1mm) 
2)  Medium-clam shell (5-10mm) 
3)  Large-clam shell 

(15mm-20mm) 
4)  Oyster shell (1mm) 
5)  Granite 
6)  None 
	

Deploying experiment at Recompense Cove, Freeport.  



pH was measured throughout the 
field season (154 days) by Mike 
Doan of Friends of Casco Bay. 
	

Fisher Scientific Accumet AP 115 pH meter and 13-620-AP50A 
combination electrode. 



Sediment pH decreased under netting 

Interestingly, overall, netted 
units have lower pH (more 
acidic) sediments.  
à Despite this, more clams 
were found under nets than in 
the sediment buffering. 

	

2016	pH	results	



Sediment sampled to obtain results 

•  4.65 tons of mud. 
•  1mm sieveà all clams were 

counted and a subsample 
measured. Statistical 
analysis conducted to 
determine the results. 

Taking	sediment	cores.	



2014-2016 Results Summary 
Ø Attempts to buffer sediments using crushed shell 

and other substrates did not result in an 
enhancement of juvenile soft-shell clams. 

Ø  Rather, when predators were deterred using plastic 
netting, juvenile clam densities generally were 
enhanced. 
 



Predation 
Other field experiments 
utilizing recruitment boxes 
showed that over 99% of clam 
recruits are being eaten before 
they turn one-year-old.  
 
2018. Beal et al., Journal of Shellfish 
Research, 37(1): 1-27. 
 
	

	
Clam	recruit	with	chipped	shell	from	crab	predaYon.		



2018 field studies in Cutler and 
Machiasport 

•  Dr. Brian Beal & Dr. Will Otto (UMM) 
•  Measured water and sediment pH, total 

alkalinity, and temperature to calculate 
aragonite saturation state. 

•  A highly acidic environment occurred 
but despite corrosive environment the 
clams survived. 

•  Clam survival was significantly higher in 
EUs protected from predators compared 
to those that were not. 

Field	deployment	in	Cutler..	

https://downeastinstitute.org/research/soft-shell-clams/investigating-how-
low-ph-and-predation-effect-clam-survival-recruitment-and-growth-in-
culter-and-machiasport-2018/ 



What	the	results	mean:	

2.	Instead,	those	interested	in	
sustaining	commercial	clam	
populaYons	should	focus	their	
efforts	on	idenYfying	interYdal	
areas	where	fishermen	can	
protect	shellfish	from	predators.		

1.	At	this	Yme,	there	is	no	reason	to	spread	crushed	clam	shells	on	
interYdal	flats	in	a\empts	to	enhance	numbers	of	juvenile	clams.		

NeQng	installed	to	protect	clams.	



The	clam	fishery	in	2050	
Warmer	waters	=	more	
predaYon	à	less	
clams.	
	
ProtecYng	clams	from	
predators	is	key	to	
sustaining	the	fishery.	
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