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Narragansett Bay Nitrogen Budget: ~ post European Contact
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Lobsters be in plenty in most places, very large
ones, some being twenty pound in weight . ...
their plenty makes them little esteemed and sel-
dom eaten. The Indians get many of them every
day for to bait their hooks withal and to eat when
they can get no bass. The oysters be great ones
in form of a shoehorn; some be a foot long . . ..
This fish without the shell is so big that it must
admit of a division before you can well get it into
your mouth. Muscles be in great plenty, left only
for the hogs . ... Clams or clamps is a shellfish
not much unlike a cockle . ... When the tide
ebbs and flows, a man running over these clam
banks will presently be made all wet by their
spouting of water . ... These fishes be in great
plenty in most places of the country, which is a
great commodity for the feeding of swine both
in winter and summer. In some places of the
country there be clams as big as a penny white
loaf, which are great dainties amongst the na-
tives and would be in good esteem amongst the
English were it not for better fish.

William Wood (1635)




Narragansett Bay Productivity: ~ post European Contact
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Narragansett Bay Nitrogen Loading: Long term fertilization

U.S, COAST SURVEY
A.D.Bache, Supt,

PROVIDENCE RIVER

FROM THE
CITY or PROVIDENCE TO STARVEGOAT ISLAND
RHODE ISALND
Surveyed by the Party under F.P. Webber SubAst US.C 8. in 1885
Seale viu

1901 > “...the beaches within a quarter of a mile of
the sewer outfall are usually covered with foul-
smelling slime and collections of sewage refuse....
Before the Fields Point sewage station was put into
operation this shoal was a famous natural oyster bed,
but it has been abandoned for a number of years.”
(Fuller 1905)

Nixon et al. (2008)



Narragansett Bay Nitrogen Loading: Long term fertilization

350

Human fertilization of the bay

300 -

N
n
o

SEWAGE

N
o
o

AVERAGE FLOW, 10°m3d"
o
o

1860 1880 1900 1920 1940 1960 1980 2000 2020
YEAR

Figure from Nixon et al. (2008)



Narragansett Bay Nitrogen Loading: Nitrogen Reductions
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N Loadings Percent Change From 2000-04 to 2013-15
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NBEP (2017)

Initial target of 50% N reduction was met in 2012.

Between 2013 and 2015, additional facilities have upgraded
for a total reduction of 62% in sewage N loads from rivers
and a 47% reduction in direct WWTF discharges into the bay

since 2000.



Climate Change and Narragansett Bay: wetter and stormier
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Average annual rainfall has
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decade since 1895
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during intense storms has
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Climate Change and Narragansett Bay: warmer

Total air temperature increase across the
watershed—
1.3°C to 1.7 °C (1960 — 2015)
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regression 1949.2015: rogression 1960-2015
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Climate Change and Narragansett Bay: shifting °C range
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Climate Change and Narragansett Bay: Declining Wind
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Climate Change and Narragansett Bay: more cloudy days
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NASA satellite photo of Narragansett Bay — NASA from www.nbep.org
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Ecological Changes in Narragansett Bay: mid-Bay Annual Water Column Chlorophyll a
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Li and Smayda (1998), data from: Smayda, T., Candace Oviatt, and Tatiana Rynearson via https://web.uri.edu/plankton/ (back corrected for method change)



https://web.uri.edu/plankton/

Ecological Changes in Narragansett Bay: mid-Bay Maximum Water Column Chlorophyll a (1968-2019)

B _
@
100
@
@
m’; 80 °
n
£
=~ 60
LN
=
i
& 40 -
S
i
&
20
D_

2020 4

1970 =
1980 -
1990 4
2000 3
2010 -

Figure from Thibodeau et al. In Review



Ecological Changes in Narragansett Bay: mid-Bay maximum bloom timing
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https://web.uri.edu/plankton/

Benthic-pelagic coupling — the relationship between the water column and the sediments

Decomposition (Reactive N recycling): Organic Matter + O, = DIN (&|other nutrients)

N,-fixation (Reactive N ): N, > NH,*

Denitrification (Reactive N removal): Organic Matter + NO; = N,

Phytoplankton images from ian.umces.edu/imagelibrary/
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Sediments as barometers of change: fluxes still demonstrate a dampened response to temperature

Grey: 1970s/80s
Purple: 2005-2019
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Narragansett Bay Primary Production: An Estimate

400
T 350
=
o 300
o0
g 250
=
N 200
[~
S
£ 150
=
(<P}
& 100
(P
2
= 50
a'a

0

y=0.24x + 15
R>=0.94

0 200 400 600 800 1000
Primary Production + Organic Inputs (g C m? y!)

1200

1400




Sediment Oxygen Demand — sediment respiration over time
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Narragansett Bay Annual Primary Production: An Estimate
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Climate & Nitrogen Management Oligotrophication of mid-Bay

1974 310 -370g C m2y! (Furnas et al. 1976, Fulweiler et al. 2007)
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*1997-98: 160 g C m2 y1 (Oviatt et al. 2002)
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400 -~

300

*No winter-spring bloom year 200 -

100 I
0

Annual Productivity (gC m'zy'1)

GSOl Dock
Melrose et al. 2011



Rhode Island Quahog Landings: a record reflecting local (e.g., management) & regional/global (e.g., climate) change

Dredging stopped
~ Improved water
guality opened
2000 ~  upper bay

Decreased
benthic-pelagic
coupling

P decline, No change in N

15001 ‘

Increased
precipitation

<]
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Decrease wind
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W

Dredging and opening of upper bay from Conor McManus talk earlier this fall
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Narragansett Bay: What’s next? No ”Return to Neverland”

(a) Return to Neverland
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(b) Regime shift

[ncreasing Chloroph
Concentration

(c) Shifting baselines

Concentration

(d ) Shifting baselines + Regime shift

Increasing Chlorophyll a

Increasing Nutrient Inputs

Increasing Nutrient Inputs

Duarte et al. (2008)
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