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Rhode Island is important for many 
waterbird species throughout the year



sanitary water quality status.   Oyster beds north of Conimicut Point were shown to be most
contaminated.20

Peak production of oysters in Rhode Island occurred around 1911 with 1,394,983 
bushels of oysters landed, with an additional 1,331,192 gallons of shucked oyster meats 
sold as well.21   Assuming 80 pieces per bushel, 8 lbs/gallon and today’s retail prices of 75 
cents apiece and $5.00/lb shucked meats, these oysters would collectively be worth about 
$135 million.   It was a substantial industry in its day (Figure 4).

Figure 4.  Oyster shell piles from two oyster shucking houses at Fields Point, Providence 

1911. (Photo from 1912 Annual Report of the RI Shellfisheries Commissioners).

The decline of the oyster industry was evident to the Shellfisheries Commissioners 
by the early 1920s.   According to an account in the 1921 Annual Report: 

The main cause for our decline of our oyster industry is large quantities of oil 

floating on the waters of our rivers, bay and tributaries; but all authorities agree 

that the instant spawn come in contact with any oil, it is instantly killed.22

Despite the Commissioners’ recognition that oil pollutants might have a negative 
effect on oyster larvae, there were other potential pollutants discharged in the 1920s that 
could have affected the shellfish.   For example, the modern electroplating process invented
in England in the 1840s is well known to have been adopted as an industrial process in 
Providence.23  Heavy metal ion effluents from waste electroplating baths are known to have
deleterious effects on oyster and other bivalve larvae.24  Alternatively, the sewering of 

31

Oyster shell piles from two oyster shucking 
houses at Fields Point, Narragansett Bay, 1911 

included population surveys of starfish in Narragansett Bay, studies on oxygen levels in 
Narragansett Bay waters, studies on pollutants in Narragansett Bay and studies on oyster 
spatfall rates.    

Figure 2.  Growth and decline of Rhode Island’s oyster aquaculture industry between 

1864 and 1933 as evidenced by area of oyster farming leases.   Data from Annual Reports 

of the Rhode Island Commissioners of Shellfisheries 1864 to 1933.  
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Shellfish aquaculture is increasing in coastal RI
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        Aquaculture Employment 
Year Full Time Year Full Time Part Time Year Part Time Total 

  
Season 

 
Season 

 2006 17 8 17 15 57 
2007 14 2 28 15 61 
2008 12 1 25 24 62 
2009 14 3 25 20 62 
2010 17 4 30 28 79 
2011 23 3 26 32 84 
2012 32 9 32 32 105 
2013 35 13 37 42 127 
2014 47 17 35 43 142 
2015 47 26 39 59 171 
2016 49 30 49 49 177 
2017 62 27 41 64 194 
2018 62 31 38 69 200 
2019 59 47 46 67 219 
2020 69 20 52 75 216 

 
Figure 5.  Aquaculture farm jobs decreased by 1.36 percent in 2019. 
. 

            
 

 
 Figure 6.   Acreage for the 83 farms is 347.50 acres total. 

Mostly oysters, some mussels, clams, kelp



Objectives

1. Is there spatial overlap between waterbirds and shellfish aquaculture?
- At what times of year, and which species groups?

2. In which ways might waterbirds and aquaculture impact each other? 



1. Submerged oyster culture:

2. Floating oyster culture:
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 Figure 8.  Winnapaug Pond    Photograph: Tom Gardner 
 

Outlook for 2020 
 

 Aquaculture businesses are challenged by the Covid-19 shutdowns.  Restaurants 
serve and sell most of the nation’s shellfish aquaculture products.  The government, at all 
levels, is working to keep the future of the businesses viable.  It is the strength of our 
collective resolve that will determine the future of this industry.  Seafood remains an 
important component of the economy and the foundation for many communities in Rhode 
Island.  Celebrate the opportunities to enjoy Rhode Island seafood. 

 
 
 

 
 

Aquaculture in Rhode Island 2019 
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Shellfish aquaculture areas 
in southwestern RI

Shellfish aquaculture areas in blue
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Survey grids 

Aquaculture in blue
Observer location

Grid cell number
Species
Number of birds
Sex
Behavior

Rome Point, RI

Cliff Walk in Newport, RI

Surveyed ~weekly, from Dec 2020 through April 2022
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Grid cell with floating aquaculture
Grid cell with submerged aquaculture
In grid cell adjacent to  aquaculture
150m+ from aquaculture
300m+ from aquaculture
1km+ from aquaculture

Bird concentrations in relation to aquaculture

Hypothetical survey grid

Increasing 
distance from 
aquaculture



0
10
00

20
00

30
00

40
00

50
00

B
ird

 d
en

si
ty

 p
er

 s
ur

ve
y 

[b
ird

s/
km

2]

DEC JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC JAN

On floating aquaculture
In grid cell with submerged aquaculture
In grid cell adjacent to  aquaculture
150m+ from aquaculture
300m+ from aquaculture
1km+ from aquaculture

Proximity to oyster aquaculture

Gulls, terns and cormorants 
De

ns
ity

 o
f g

ul
ls,

 te
rn

s a
nd

 c
or

m
or

an
ts

 [b
ird

s/
km

2 ]

Bird density very high on floating cages in later summer and early fall (post-breeding period)



0
10
00

20
00

30
00

40
00

50
00

B
ird

 d
en

si
ty

 p
er

 s
ur

ve
y 

[b
ird

s/
km

2]

DEC JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC JAN

On floating aquaculture
In grid cell with submerged aquaculture
In grid cell adjacent to  aquaculture
150m+ from aquaculture
300m+ from aquaculture
1km+ from aquaculture

Proximity to oyster aquaculture

Gulls, terns and cormorants 
De

ns
ity

 o
f g

ul
ls,

 te
rn

s a
nd

 c
or

m
or

an
ts

 [b
ird

s/
km

2 ]

Bird density very high on floating cages in later summer and early fall (post-breeding period)
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Floating oyster cages at Silkes farm
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commonly supplied from the wild using collecting systems (Kamermans and Capelle 2019), 
sometimes also utilizing the same rafts or floating bouys used for grow-out to facilitate 
deployment of seed collectors (A. Jeffs 2020, personal communication). Biofouling is a 
significant concern, and can cause mussel mortalities, while also reducing both mussel growth 
and quality (Kamermans and Capelle 2019). Biofouling controls include covering all exposed 
surfaces will mussels, mechanical removal, periods of aerial exposure and antifoulant 
treatments (Kamermans and Capelle 2019). Species cultivated on longlines include P. 
canaliculus (Kaspar 2005), M. galloprovincialis (Figueras 2004), P. viridis (Koedprang 2013), M. 
edulis (Goulletquer 2004) and M. coruscus (Lee et al. 2016). 
 

 
Figure 3. Example of a longline mussel aquaculture farm in New Zealand. (Copied from Lloyd, 2003). 
 
Offshore mussel culture: 
Currently, the vast majority of mussel farming occurs in shallow coastal waters near shore, 
however, suitable locations for shellfish aquaculture in these regions may have significant user 
conflicts (such as recreational and commercial fisheries) and stakeholder objections (due to 

16

Floating oyster cages at Silkes farm

Gulls

Cormorants

Terns

Mussel long lines at Silkes

0
10
0

25
0

Bi
rd

s 
pe

r s
ur

ve
y

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Bi
rd

s p
er

 su
rv

ey
Post-breeding period



 

commonly supplied from the wild using collecting systems (Kamermans and Capelle 2019), 
sometimes also utilizing the same rafts or floating bouys used for grow-out to facilitate 
deployment of seed collectors (A. Jeffs 2020, personal communication). Biofouling is a 
significant concern, and can cause mussel mortalities, while also reducing both mussel growth 
and quality (Kamermans and Capelle 2019). Biofouling controls include covering all exposed 
surfaces will mussels, mechanical removal, periods of aerial exposure and antifoulant 
treatments (Kamermans and Capelle 2019). Species cultivated on longlines include P. 
canaliculus (Kaspar 2005), M. galloprovincialis (Figueras 2004), P. viridis (Koedprang 2013), M. 
edulis (Goulletquer 2004) and M. coruscus (Lee et al. 2016). 
 

 
Figure 3. Example of a longline mussel aquaculture farm in New Zealand. (Copied from Lloyd, 2003). 
 
Offshore mussel culture: 
Currently, the vast majority of mussel farming occurs in shallow coastal waters near shore, 
however, suitable locations for shellfish aquaculture in these regions may have significant user 
conflicts (such as recreational and commercial fisheries) and stakeholder objections (due to 

16

Floating oyster cages at Silkes farm

Gulls

Cormorants

Terns

Mussel long lines

0
10
0

25
0

Bi
rd

s 
pe

r s
ur

ve
y

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Bi
rd

s p
er

 su
rv

ey
Post-breeding period



0
5

10
20

B
ird

s 
pe

r s
ur

ve
y

Wintering 
common eider 
at all other 
survey sites
besides Silkes

Bi
rd

s p
er

 su
rv

ey
/s

ite

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Common eider tend to be around in winter

Non-breeding 
period

Non-breeding 
period



0
5

10
20

B
ird

s 
pe

r s
ur

ve
y

Wintering 
common eider 
at all other 
survey sites
besides Silkes

Bi
rd

s p
er

 su
rv

ey
/s

ite

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Common eider tend to be around in winter (when cultivated mussels are quite large)
Non-breeding 

period
Non-breeding 

period

Mussels at preferred (small) prey size <20mmMussels larger than 
preferred ~35-60 mm

Mussels larger than 
preferred >35 mm



0
5

10
20

B
ird

s 
pe

r s
ur

ve
y

Wintering 
common eider 
at all other 
survey sites
besides Silkes

Bi
rd

s p
er

 su
rv

ey
/s

ite

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mussels at preferred (small) prey size <20mmMussels larger than 
preferred ~35-60 mm

Non-breeding 
period

Non-breeding 
period

Mussels larger than 
preferred >35 mm

Rhode Island also has a resident breeding common eider population

Common eider tend to be around in winter (when cultivated mussels are quite large)

…where do they hang out?



0
5

10
20

B
ird

s 
pe

r s
ur

ve
y

Wintering 
common eider 
at all other 
survey sites

Bi
rd

s p
er

 su
rv

ey
/s

ite

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Common eider breeding period

0
20

60

Bi
rd

s 
pe

r s
ur

ve
y

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Bi
rd

s p
er

 su
rv

ey

Resident 
common eider 
at Silkes
mussel farm

Resident breeding population of common eider attracted to mussel farm in summer

Post-breeding period

Non-breeding 
period

Non-breeding 
period

Mussels at preferred (small) 
prey size <20mm



Conclusions

1. Is there spatial overlap between waterbirds and shellfish aquaculture?
- At what times of year, and which species groups?

Gulls, terns and cormorants use floating oyster farms as roosting sites.

Resident common eider are attracted to, and most likely forage on, cultivated mussels.

Wintering waterfowl are present in aquaculture areas but not in higher numbers. 

Post-breeding period:
(summer/fall)

Non-breeding period:
(winter)



Conclusions
2.   In which ways might waterbirds and aquaculture impact each other? 

No indications that human activity on 
oyster farms disturb birds, or that 
presence of oyster farms displaces birds.

Floating farms may be important roosting 
sites for birds before fall migration.



Conclusions
2.   In which ways might waterbirds and aquaculture impact each other? 

Birds roosting on floating farms may 
undermine water quality - consumption of raw 
oysters harvested in those areas can 
potentially be a food safety problem (needs 
further research)

Direct predation of mussels by resident 
common eider
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