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Aquaculture	Defined	
•  Aquaculture	means	the	farming	of	aqua6c	marine	
organisms	including,	but	not	limited	to	fish,	
mollusks,	crustaceans,	echinoderms	and	plants.		

•  Farming	implies	some	sort	of	interven6on	in	the	
rearing	process	to	enhance	produc6on	including,	
but	not	limited	to	controlled	propaga6on,	feeding,	
protec6on	from	predators,	etc.		

•  Although	the	U.S.	is	not	a	major	aquaculture	
producer	(ranking	17th	worldwide),	it	is	es6mated	
that	over	half	of	the	seafood	that	the	U.S.	imports	
comes	from	aquaculture.		



Source:	FAO	The	State	of	World	Fisheries	and	Aquaculture	2016		
	

Years	





ESTIMATED	U.S.	AQUACULTURE	
PRODUCTION,	2013	-	2014		

	



US	Commercial	Fishery	Landings	and	
Aquaculture	Produc6on	



Sustainable	Shellfish	Aquaculture	

American	Oyster,	Crassostrea	virginica	
Photos	from	East	Dennis	Oyster	Farm	(www.dennisoysters.com)	

Blue	Mussel,	My0lus	edulis	

SoU	Shell	Clam	Mya	arenaria	

Quahogs,	Mercinaria	mercinaria	
Bay	Scallops,	Argopecten	irradians	
Razor	Clams,	Ensis	directus	



2014	MassachuseXs	Bivalve	Landings	

Species		 Landings	(whole	pounds)		 Value		

Sea	Scallop	(offshore)	 178,104,884	 $271,382,646		

Surf	Clam	(offshore)	 101,744,471	 $16,764,967		

Eastern	Oyster	*	 6,102,181	 $15,680,692		

Ocean	Quahog	(offshore)	 110,728,839	 $9,813,936		

SoUshell	Clam	*	 1,924,619	 $3,686,808		

Northern	Quahog	*	 5,354,370	 $3,660,388		

Bay	Scallop		 888,066	 $2,370,848		

Razor	Clam	 277,460	 $2,347,954	

Blue	Mussel*	 1,145,623	 $1,511,646	
Source:	Atlan6c	Coastal	Coopera6ve	Sta6s6cs	Program	(ACCSP)	Data	Warehouse,	as	of	April	22,	
2015.			



MA	Shellfish	Aquaculture	
•							The	output	of	the	shellfish	aquaculture	industry	in	
MassachuseXs	was	valued	at	approximately	$25.4m	in	
2013,	which	in	turn	generated	approximately$45.5m	in	the	
MassachuseXs	economy,	or	1.79	6mes	the	ac6vity.	
•							Shellfish	farmers	were	responsible	for	
approximately	909	jobs.	
•							Shellfish	farmers	paid	approximately	$11.9m	in	wages	
in	2013.	Their	economic	ac6vity	generated	addi6onal	labor	
income	of	$8.2m,	for	a	total	of	approximately	$20.1m	in	
labor	income	in	MA.	
•  Represents	5%	of	total	agricultural	produc6on	in	MA	



Bivalve	Aquaculture	

•  Hatchery	spawned		
•  Seed	stock	planted	

– Enhances	natural	sets	
– Enhanced	survival	
– Restore	tradi6onal	beds	

•  Wild	Grow	Out		
•  Harvest	
	



Cat	Cove	Marine	Laboratory	
Northeastern	MassachuseBs	Aquaculture	

Center	(NEMAC)	

The	Cat	Cove	Marine	Laboratory	supports	
the	aquaculture	and	marine	biology	

programs	at	Salem	State	University	and	is	
also	the	home	of	the	Northeastern	
MassachuseXs	Aquaculture	Center	

(NEMAC).		
The	mission	of	the	Cat	Cove	Marine	
Laboratory	is	to	develop	research	and	
technologies	in	aquaculture	as	well	as	
increasing	the	understanding	of	marine	
organisms	and	ecosystems,	through	
research,	educa6on,	and	outreach.	
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Cat	Cove	Marine	Lab	and	Smith	Pool	
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Cat	Cove	Marine	Lab		
and	Smith	Pool	–	8	Acre	Tidal	Pond	
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SoU	Shelled	Clam	Culture	

At DEI, passive spawning is also used, but the pre-

ferred method is active spawning. Both techniques use

thermal shock to stimulate spawning. In passive spawn-

ing, sandwiches filled with broodstock that have been

maintained at 15 oC for 6 to 7 weeks are cleaned and

transferred to a 2,000 L larval tank containing 23 to

24 oC seawater. Sandwiches are placed into floating

wooden trays lined with nylon window screen. One to

two liters of algae are concurrently added. Spawning

typically occurs at night, and the next morning brood-

stock are removed from the tank. At that time, the num-

ber of trochophore larvae is estimated by draining the

tank completely and catching larvae on a 44 µm sieve.

Throughout the draining event, sieve contents are fre-

quently and gently transferred to a 19 L bucket. Several

samples (e.g., 1 mL) are taken from the bucket to esti-

mate trochophore abundance per mL.   

In active spawning, clams are removed from the

sandwiches and placed into a shallow tray containing

24o C seawater. Clams are watched carefully for a peri-

od of time that can take from 15 minutes to six hours.

Typically, male clams spawn first. All spawning males

are collected and placed into one bucket or dish and per-

mitted to continue releasing gametes. As females spawn,

each is removed from the shallow tray and gently placed

into a 1 L glass bowl with seawater to facilitate observa-

tion. Females typically resume spawning after a few

minutes. Eggs from a single female are collected and

transferred to one 19 L bucket. This process is continued

until all females that will spawn have done so.  Typical-

ly from a batch of conditioned broodstock clams, only

40 to 60% will spawn at any given time. When done,

sperm from all males is in one bucket and

eggs from each female are in separate

buckets.  

Actual fertilization proceeds cau-

tiously by placing a small amount of the

sperm water (about 250 mL) into each

egg-containing bucket. Visual inspection

of the eggs using a microscope is the best

method to determine whether fertilization

has been successful. Fertilization is noted

when a polar body forms, which occurs

within 20 minutes after the egg and

sperm contact. Eggs and sperm remain

viable at room temperature for several

hours, so if the percent of successful fer-

tilization is low, it is possible to add small

aliquots of sperm and increase fertiliza-

tion success. Small aliquots are used to

prevent polyspermy. Resultant fertilized

eggs, 50µm in diameter, are poured through a 125µm

sieve held over the larval tank. The sieve removes larg-

er debris, while eggs pass into the tank.  

An alternate approach used at the Eastham, Massa-

chusetts Hatchery employs adult clams maintained in

mussel tubing (25 mm mesh). T. chuii (1 L) is added to

each bath. Clams and tubing are placed in one of two 30

L cylinders of water (Rubbermaid®). One cylinder is

heated to 25 oC, while the other is cooled to 15 oC.

Clams (25 to 30) in socks are alternately switched

between the warm and cold baths at 45 minute intervals.

After 8 or more cycles the clam socks are rinsed with

fresh water and placed on a rack constructed of vinyl

covered wire mesh suspended near the top of a 1,000 L

conical tank filled with 1 µm filtered seawater heated to

20 oC. Clams are left to spawn overnight. The rack,

socks and clams are removed the following morning and

clams are returned to the conditioning tank. Water

exchanges and clam sieving begin on the second day

after the spawn and follow procedures employed by

CCML and DEI. Spawns of up to 30 million tro-

chophores have been observed.

Larvae: Maintenance and Care 

Bivalves transition through several larval stages

from trochophores (duration of 12 to 24 hours) to

veligers (duration of 8 to 14 days) before they become

pediveligers (duration of 2 to 6 days) (Figure 7) and are

ready to undergo metamorphosis into tiny benthic

clams.  Metamorphosis from planktonic larvae to

5

Figure 7. Life cycle of the softshell clam, Mya arenaria.  
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broodstock clams and development of larval clams is

temperature- and food-dependent. Larval clams typical-

ly require six or more weeks from spawning to attain

2 mm SL.

Once clams are large enough to enter the Nursery

Phase, they are removed from the hatchery and relocat-

ed to protected waters. Clams may be stocked and main-

tained in upwellers, moved into floating trays lined with

window screening, or placed into sediment-filled con-

tainers. Regardless of system or technique employed,

after clams attain or exceed 10 to 15 mm SL they are

considered ready for release onto tidal flats, initiating the

Growout Phase. In southern and central New England

waters, most clams easily attain this size within the first

growing season (May to November). In northern New

England and Canadian waters, clams grow slower and it

usually takes the entire growing season (June to Novem-

ber) for clams to reach 10 to 15 mm SL. Since Novem-

ber is considered too late to move clams to the field for

growout, clams are transferred to bags and placed in

cages, either in the field or in a facility for an Overwin-

tering Phase (Beal et al. 1995).  Clams too small or not

needed for growout from southern New England waters

are similarly overwintered. Survival of overwintered

clams can be high, as much as 95%. Overwintered clams

are ready for Growout Phase in the following spring.  

Seawater Supply

Hatchery seawater requires filtration and thermal

adjustment. At the Cat Cove Marine Laboratory

(CCML) located in Salem, Massachussetts, seawater is

filtered initially to 100 µm, then to 16 µm, and then UV

treated. Ambient and thermally adjusted (to 15 oC)

 seawater is stored in reservoir tanks and gravity-fed to

the Lab. Before addition to shellfish tanks, seawater is

routinely filtered through a 1 µm mesh. Airblowers con-

tinuously aerate tank water. At the Downeast Institute

(DEI) located on Beals Island, Maine, ambient seawater

is filtered through a series of filters (100µm, 50µm, and

10µm) before it is warmed to the desired temperature

using a furnace equipped with a heat exchanger. There

are no reservoir tanks.

Broodstock: Acquisition and Maintenance

To ensure spawning success in the Hatchery Phase,

a population of healthy adult softshell clams is needed.

In early winter, broodstock clams are collected from

local flats to maintain genetic integrity. Conditioning of

clams commences within two weeks of their collection.

The preferred size for broodstock is 40 to 70 mm SL, as

they produce a larger quantity of eggs than smaller clams

and spawn more readily than larger clams. Adult soft-

shell clams live buried in sediments. When removed

from sediments, clams gape and their condition deterio-

rates; clam survival and reproduction are negatively

impacted. To simulate their natural environment and to

preclude gaping: cages, socks, bands or sediments are

used.

At CCML, broodstock clams are maintained in the

sheltered tidal flats of Smith Pool, exposed to natural

conditions. To facilitate access and retrieval, clams

maintained in Smith Pool are housed in partially buried

19 L buckets. Each bucket has several dozen 6 to 10 mm

holes in the top half, and the lower half is filled with

local sediment (Figure 3).  Clams 35 mm SL or greater

2

Figure 3. At the CCML broodstock clams are housed in

buckets placed in shallow waters to facilitate access and

maintenance when not being spawned.

Figure 2. Schedule of Hatchery Phase activities by month

from broodstock conditioning to stocking of juvenile

clams in Floating Upweller Systems (FLUPSY) at the

start of the Nursery Phase.

Clam	Hatchery	Timeline	



So[	Shelled	Clam	Culture	















Communi6es	Receiving	Clam	Seed	Stock	from	NEMAC	



Oyster	Farming	

	Offshore	Longlines	-	Salt	Water	Farms,	Kingston	RI	

Near	Shore	–	6dal	range	



Longline	Mussel	Farming	
Experimental	mussel	lines	at	Sandy	Bay,	Rockport	and	Hodgkins	Cove,	Gloucester	





OFFSHORE	SHELLFISH	
AQUACULTURE	IN	FEDERAL	WATERS	

Ted	Maney,	Mark	Fregeau	
Northeastern	MassachuseXs	Aquaculture	Center	

(NEMAC)	
Cat	Cove	Marine	Laboratory,	Department	of	Biology		

Salem	State	University		
Captain	Bill	Lee,	FV	Ocean	Reporter,		Rockport,		MA	

	
	



Background	
•  2015:	obtained	an	Army	Corps	of	Engineers	
(ACOE)	permit	pursuant	to	Sec6on	10	of	the	
Rivers	and	Harbors	Act	of	1899	to	establish	a	
commercial	scale	(33	acre)	offshore	mussel	farm	
7	nau6cal	miles	off	the	coast	of	Cape	Ann	
MassachuseXs	(NAE-2012-1598	NEMAC	
Aquaculture).		

•  Condi`ons	of	permit	allow	the	establishment	of	
up	to	3-longlines	as	a	pilot	study	to	determine	
feasibility	and	any	possible	habitat	or	protected	
species	interac6ons.	



Project	Goals	
•  Secure	Funding	and	Establish	pilot	study	of	3-longlines.	

– Demonstrate	feasibility	
–  Confirm	“Not	Likely	to	Adversely	Affect	any	Endangered	or	
Protected	Species”	

•  Submit	for	Permit	Modifica6on	for	site	commercial	
buildout	of	32	longlines.	

•  Expand	to	develop	“incubator	farm”	to	encourage	and	
train	poten6al	farmers	in	offshore	shellfish	
aquaculture.	

•  Ra6onale:	NOAA	Marine	Aquaculture	Strategic	Plan	
2016	-	2020	



Establishing	the	First	Shellfish	
Aquaculture	Farm	in	Federal	Waters	

on	the	Atlan`c	Coast	
•  27	July	2016	(Week	30/16)	

Posted	Coast	Guard	Local	
No6ce	to	Mariners	with	
PATON	Lis6ng	NEMAC/Salem	
State	University	Aquaculture	
Lighted	Buoy	A																																					
(Aid	Number	100118303904)	
Required	30	days	prior	to	the	
installa6on	of	gear.		

•  September	2016	Began	seong	
up	longline	

•  8	October	2016	Set	out	3	–	15	
U.	growlines	with	1	–	3U	
measured	sock	

	



NEMAC	Offshore	Mussel	Farm	Site	





NEMAC	Mussel	Farm	Set	Up	



5	December	2016	
Mussels	are	
growing	fine!	



Growth	Measurements		

28	Sept	2016	
Mean	Shell	Height	

34.6mm	
2	January	2017	

Mean	Shell	Height	
43.1mm	



Industry	Partner	
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Seaweed	Aquaculture	

hXps://www.theatlan6c.com/science/archive/2016/09/gastropod-seaweed/499760/Gastropod	



Finfish	Aquaculture	
The	Commonwealth’s	finfish	growers	produce	a	
variety	of	species	of	finfish	including:		
•  barramundi	
•  6lapia	
•  largemouth	bass	
•  black	sea	bass	
•  brown	bullhead	
•  several	species	of	trout	
•  several	species	of	baisish	
•  ornamentals	



Zebra Fish Aquaculture For Medical 
Research 

•  BCH (Boston Children’s Hospital) 
•  DFCI (Dana Farber Cancer Institute) 
•  BIDC (Beth Israel Deaconess Medical Center) 
•  Harvard Medical School 
•  Harvard Main Campus 
•  Brigham and Women’s Hospital 
•  MIT 
•  Boston Medical School 
•  UMass Boston 
•  Northeastern University 
•  Others 



  Aquaponics:  
Small Scale for Classroom  

and Personal Use  

Floating raft 

Total system 

 System 
diagrammatic 



Demonstration in Beverly, MA 

Solar Powered 



   System Works 

Peppers and basil in summer Luscious growth in December 2015 

Largemouth	Bass	



Water	Gardens	

Country	Gardens	of	Rowley	

Ornamental	Fish	Ponds	



Ecological Services of Shellfish 
Farming 

	•  Shellfish clean the water by filter feeding.  
•  Improves water quality by reducing turbidity, improving light penetration 

and reducing anoxia (low oxygen).Estimated that the oysters and 
mussels growing at Salt Water Farms, RI clear 25 million gallons of bay 
water each day.  

•  Shellfish convert nitrogen into edible animal protein. When harvested the 
nitrogen is permanently removed from the ecosystem. Excess nitrogen in 
coastal waters contributes to anoxia and kills fish. 

•  Shellfish farms provide essential habitat for a wide variety of marine plants 
and animals. 

•  Shellfish farms provide traditional marine related jobs in the local 
community. 

•  Shellfish farms provide wholesome and tasty farmed goods to the 
restaurants that feature local foods.  

Because	of	the	environmental	benefits	of	shellfish	farming,	shellfish	are	listed	as	
"green"	on	the	seafood	consumer's	guide	of	many	environmental	organiza`ons. 
	



Adapted	from	Newell	et	al.	2002	and	hXp://oyster.agecon.vt.edu		
	

Overview	of	how	bivalves	interact	with	the	marine	nitrogen	cycle,		
and	poten6al	ways	in	which	nitrogen	may	be	removed	in	green.		
	

Eutrophica`on	
Excess	Nitrogen	and	Phosphorous	–	Algal	Blooms	



Reducing	Eutrophica6on	
•  Restoring	Oyster	Reefs		
•  Longline	mussel	farms/Oyster	farms	

© Royal Swedish Academy of Sciences 2005
http://www.ambio.kva.se
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by diarrhoeic shellfish toxins, DST (18). The symptoms of 
DSP include severe gastrointestinal problems like diarrhoea, 
nausea, vomiting and stomach pain (19). The organisms re-
sponsible, Dinophysis spp, are unicellular eukaryots whose 
major toxins are okadaic acid (OA) and a number of structur-
ally related toxins.
 To guarantee a more continuous supply of mussels, a reliable 
method for detoxification of mussels would be useful for mussel 
farmers (18). Improved knowledge about factors affecting the 
elimination rate of these toxins is required to develop practical 
and cost-effective detoxification methods
 Health risks associated with consumption of virally contami-
nated shellfish are well documented (20, 21). The symptoms of 
viral food poisoning are similar to those of DSP but no attempts 
have been made to distinguish between the sources of the ill-
nesses. The Gram-negative bacteria Escherichia coli is used as 
an indicator organism for fecal contamination in bivalves, but as 
is now well documented, the shellfish industry requires a more 
reliable viral indicator system (22).

The Agro–Aqua Recycling

To optimize the environmental effect of mussel farming, all or-
ganisms attached to the lines should be harvested and brought 
ashore. Only about 2/3 of harvested mussels are used for hu-
man consumption (Scanfjord, pers. comm.). The remainder 
can be used for Agro-Aqua recycling of nutrients (Fig. 3). 
The removal of the remainder, consisting of small or damaged 
mussels, is important for the removal of nitrogen and water-
quality improvement. In a field study in the summer of 2003, 
5 to 20 t ha-1 (1 ha = 10 000 m2) of the remainder was used as 
an organic fertilizer in the cultivation of barley.

 In order to find new applications for products from mussel 
farming, a pilot study was conducted whereby mussels were 
fed to laying hens. Sixty-four hens were fed four different treat-
ments of boiled and chopped mussel meat in their fodder and 
compared to controls. The number and weight of the eggs were 
monitored as well as the weight of the hens. The color of the 
yolk was measured according to a Roche® yolk color indicator 
and the taste of the eggs compared. 

Modelling the Nutrient Uptake of Mussel Farming 

The expected effect of mussel farming on nitrogen cycling 
was modeled for the Gullmar Fjord on the Swedish west coast. 
This fjord is 30 km long, has a sill depth of 45 m and a maxi-
mum depth in the central part of 120 m. A numerical three-
dimensional biogeochemical model has been developed for 
the Gullmar Fjord area (23, 24, see box on page 136). This 
model was based on 43 x 12 horizontal and 40 vertical cells 
and was validated using monthly or more frequent monitoring 
data from three areas of the fjord; the mouth, central, and in-
ner part. Comparisons with measurements show that the mod-
el was able to simulate temperature, salinity, nutrients (PO4, 
NO3, NH4), oxygen and chlorophyll (= phytoplankton) both 
horizontally and vertically throughout one year. The model 
could also reproduce the concentration of zooplankton, sedi-
mentation of PON (Particulate Organic Nitrogen) and benthic 
accumulation of organic material and nitrogen.
 The number of mussels produced in a mussel farm unit is 
calculated to be 8 × 106 (500 mussels per meter suspender). The 
total weight of all mussels in one mussel farm is assumed to be 
200 t. The pumping capacity is 2–3 L hr-1 per mussel and the 
pumping capacity of one farm is thus up to 5.6 m3· s-1. Some of 
the mussels are pumping “old” water, which already has been 
filtered by others. This effect has to be taken into consideration 
in the case of weak currents, but is less important in situations 
with strong currents. The model pumping capacity is at its maxi-
mum when currents are greater than 0.22 m s-1, and decreases 
logarithmically for currents less than 0.22 m s-1. 
 The water filtered by the mussels is reduced in terms of ses-
ton concentration. The out-flowing water from the mussels has 
unchanged concentrations of phosphate and nitrate, but an in-
creased amount of ammonium (+18% of the mussel intake of 
nitrogen) and detritus (+17% of the mussel intake of nitrogen). 
The model treats detritus particles from the mussels as seston. 
When the concentration of plankton in the water mass is com-
puted to be high (> 4 µg chlorophyll L-1), the mussels cannot 
digest all the food but reject some filtered plankton as pseudo-
feces, which in the model sinks as detritus.

RESULTS AND DISCUSSION

The Rationale for Supporting Mussel Farming

Commercial mussel producers currently benefit society by the 
removal of nitrogen from coastal waters, for which they are 
unrewarded. While this might appear to be advantageous for 
society, it also presents a lost opportunity. Given the right in-
centives, these firms could expand the scale of their operations 
and thus generate much greater benefits. It is also worth noting 
that an expanded mussel industry could have other benefits and 
added values, i.e. provide jobs in the region, which is particu-
larly pertinent as coastal fisheries are under pressure due to low 
fish stocks. A production of 2800 t of mussels will need 5–10 
employees depending on how the mussels are processed.
 In environmental economics, the nitrogen-removal service 
that mussel farms provide is known as an “external benefit” to 
society (25). In the case of mussel production, the benefit of 
nitrogen-removal is an argument for supporting these firms, 
for instance by paying them per kilogram of nitrogen removed 
from the sea.
 We suggest that rather than paying mussel farmers for their 
work, the authorities should impose demands on those who 
emit the pollution through emission quotas which are traded 
and bought by the emitter. This is particularly straightforward 
when nutrients are discharged from a point source, i.e. emis-
sions from a sewage treatment plant or a factory. Nutrient quotas 
will thus be the currency traded between the market economy 

Figure 3. The Agro-Aqua recycling system of nutrients from 
sea to land.The	Agro-Aqua	recycling	system	of	nutrients	from	sea	to	land.	

From:	Lindahl,	O.	et	al	2005.	Improving	Marine	Water	Quality	by	Mussel	Farming:		
A	Profitable	Solu6on	for	Swedish	Society.	Ambio	Vol.	34,	No.	2.	
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Carbon	Sequestra6on	
•  Shellfish	produc6on	sequesters	carbon	in	3	ways:		

–  In	the	shells	harvested	and	distributed	for	sale;		
–  In	the	shells	that	are	dead	on	thinning/grading	or	harves6ng;		
–  In	the	shells	that	die	at	sea,	detach	and	sink	to	the	boXom.	

•  The	carbon	sequestered	in	the	shells	harvested		
–  218	kg	CO2-eq	per	tonne	of	mussels	harvested		
–  441	kg	CO2-eq	per	tonne	of	oysters	harvested.	

•  The	carbon	sequestered	in	mussels	that	die	at	sea		
–  12	kg	CO2-	eq	per	tonne	of	mussels	harvested.	

•  Assuming	of	a	drop	off	rate	of	1%	per	month	and	a	linear	growth	rate	

Source:	Carbon	Footprint	of	Scoosh	Suspended	Mussels	and	Inter6dal	Oysters	
ISBN:	978-1-907266-44-7	
First	published:	January	2012	
Published	by	the:	Scoosh	Aquaculture	Research	Forum	(SARF)	
This	report	is	available	at:	hXp://www.sarf.org.uk	



Aquaculture	Pros	and	Cons	

•  Sustainability	
•  Locally	produced	
•  Revitalizing	working	
waterfronts	

•  Lowest	feed/meat	
conversion	efficiency		
–  Finfish	<	2:1	
–  Shellfish	near	1:1	

•  Bioremedia6on	

•  Culturing	Non-na6ves	
•  Culturing	hybrids/GMOs	
•  Habitat	modifica6on	
•  Protected	species	
interac6ons	

•  Poten6al	conflicts	with	
other	uses	



More	Informa6on	
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