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and deltas; There’s a long history

Salomon van Ruysdael 1648




25-9-2014

Choptank R,
12 oN Mississippi R. Chesapeake Bay
% 10 op Fertilizer applications and nitrate in
o 8 groundwater on the Delmarva Peninsula
z = . : . -
-~ = z
< g | -
o 4 = 1000 ¢ o Drinkin
= > t £ Water
2 2 : 1 B LLimit
0 8 — o] g
1920 1940 1960 1980 2000 | 4 o B
| ® / ® ® §
FIGURE 5.12. Nitrogen {as N) and phosphorus (as PO equivalent) fertilizer use this century in the ! ._,/ E
United States up to 1996-97. (Modified from Turner and Rabalais 1991.) 0 f——— b NP 1o O
@ Kent. DE
"5, Be+6 W Caroline, MD o
. . o W Queen Amne, MD
8000 Taihu Basin =
o Atmospheric Sass
£ 5 N input e
& 40m g
Z 3000 =
4 00 H H g 2e+6
1000 =
0\”1H1H1H1H1H1H1H1H1 A A ¢

1940 1950 1960 1970 1980 1990

I NN NN

9 y & P & PSS

PP IFFELIFS
Year

And more recent trends
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Nutrient-eutrophication dynamics along the freshwater-
marine continuum representing coastal deltas

¢ Dogma: Primary production controlled by P availability in freshwater,
N in marine ecosystems.

e However: Accelerating anthropogenic N & P loading has altered
nutrient limitation and eutrophication dynamics

e Results: Human-impacted systems reveal a complex picture and a
challenge to nutrient management




Estuarine and coastal systems: What do the data tell us?
DI Loading vs. primary production in a range of N. American
and European estuaries

log PP = 0.442 log DIN + 2.332
r2 = 093

1 1lﬂ
DIN input, mol m -2 yr-!

INIXen 1996

However: N+ enrichment is

often most stimulatory: Nutrient
stimulation of primary production in the
brackish Baltic Sea

Moisancer et all 199452005
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Fisher et al. 1998

Seasonal & Spatial Patterns of Nutrient Limitation

in Chesapeake Bay (Fisher et al. 1998)
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Human Impacts on Nutrient Limitation along the FW to Marine Continuum
The Mississippi R./Delta/6ulf of Mexico
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DIN:P ratios on the shelf are very high, compared with Redfield values (16 N:1 P)

Spring 01 bioassay: Only treatments containing P led to increases in Chl a.
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Conclusions

Excessive anthropogenic N loading has led to P limited
conditions in spring. Spring bloom is controlled by P supplies.
N limitation persisted in summer.

Management option: Reduce BOTH N and P inputs to control
eutrophication and hypoxia

Sylvan et al. 2006; EPA SAB 2009
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The Himmerfjarden case:
Coastal area with large Sewage

treatment plant,

P removal since 1976, N removal started in 1993
(50%) & 2000 (80%). No N removal 2004-2008

RESULTS ON PHYTOPLANKTON (Chl a)?
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Yangtze River Delta System, China
The contemporaneous effects of damming and nutrient enrichment
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Eutrophication of Lake Taihu in the Yangtze R. Delta. china’s 3™ largest
Lake, in which both N and P inputs increased dramatically in the past: 3 decades

Nutrient dynamics in Taihu
N & P inputs exceed what’s needed for balanced algal growth.
Result: “Runaway” eutrophication & toxic CyanoHABs

90 —O—station-1  ——station-2 350 —0— station-1 +station--ZB
80 o 300
(758 o 260
g5 'é 200
g £ 150
P 5
20 }
10 50 |
0 0
JFNAND J ASONDJ F MAM) J ASONDJ F MAMD J ASOND JFMAMD J ASONDJ FMAM J ASONDJ FMAND J ASOND
2006 2007 2008 2006 2007 2008
Nutrient (N&P) ratios in Taihu
% —o—dation-1  —4—station-2 ¢ .
” Redfield (balanced growth)
~15:1 (N:P)
o 15
2
£
HYPOTHESIS
5 Dual (N & P) reductions will be
0 needed to stem eutrophication
JFNAND J ASONDJ F VAN J ASONDI FVAMD J ASOND and CyanoHABs
2006 2007 2008 | Xu etal., 2010; Paerl et al. 2011 |




Effects of nutrient (N & P) additions on phytoplankton production (Chl a)

Chlafugl’)

in Lake Taihu, China: Both N & P in

uts matterl!

Xu et al. 2010; Paerl et al. 2011

The 2000 kg gorillal Confounding impacts of tropical cyclones on coastal
ent-eutrophication dynamics

Annual Frequency of North Atlantic Tropical Storms.
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Tropical Cyclone Tracks

(1996-2011)
©w ~ © -3 =3 - | N | ™ b4 w | o ~ © Q|
& & & & g |[8|8|8 8 88| 8 8 S|3
- - L 2 - o~ N | NN o~ ~N |~ ~ o~ N | N
00000000000 ® D CCODOD DB 202D D@
s 9 e >|leoe =|e @ o|s ol || 2 >c|8|le|l2 2|3 @
A IR IHE LRI IE I E AR LR Ik R 1R
<a  g|8|& 8"~ |8 2||a]|® 35885§ B T -
S 3

Lo MID-RIVERWATER QUALITY
* mu  SAMPLING STATIONS
s MODMON Project

%
&
L

Nitrogen Loading to the Neuse River Estuary:

o 8 =a 2 2
W The importance of tropical cyclones
\ v e
{ = od
@ e = e it - C
—_—— = =
30 1994
0 Drought year
10
30 1996
20 Bertha Fran
il '"M\AJJ\/W
o i i . : , : x ‘ . ; ,
E’ 30 Floyd Irene 1999
2 10 I3
Qo . . ; : ; ; ; ; . . .
E - 2003
T 204 Isabel
3 ‘“'M_M_L_FJ\/\/\
-1 o
E:IU- ! " ' " ' j ' " ! j ! 2010
20 Nicole + Low
0+ - T . T . T - T . T -
304 2011
0] Extreme droughteyear
10l
o
Paerl et al. 2005, lan  Feb  Mar  Apr May  Jun  Jul  Aug  Sep  Oct  Nov  Dec

2006; Peierls et al. 2012

25-9-2014

11



25-9-2014

Major hurricanes/tropical storms & phytoplankton bioom (Chl a) responses
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Freshwater Discharge affects location of algal production & blooms (Chl a)
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Conclusions/Implications

e Primary production controlled by P availability in many freshwater
systems. However, some are ' & P co-limited or |  limited.

e In Estuarine/Coastal systems  |limitation prevails. However, heavily
impacted systems can be P limited or’ | ' & P co-limited.

s, Expanding human water- and airshed activities have greatly
increased’ | [ & P loading) and altered nutrient:limitation.

o) Interactions offnutrient:loadsiand EWadischarge flushing/nesidence
fime, salinity regime)rdetermineseutrophication potentials

») Controlling; eutrophication along therentire fireshwater=marine
continuumiin deltaicisystems requires ardual nutrients (IN&P)freductions:

Estuarine & Coastal Indicatiors) off Nutrient: Enrichment:
www.unc.edu/ims/paerllab/
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Has Freshwater P Reduction w/o Parallel N Reduction
Exacerbated Estuarine Eutrophication?

What"s the mechanism?
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