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cycle

Special focus in nitrogen effects along
tropical coastal zones
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« Sources of anthropogenic nitrogen and effects
on the environment

» Global impacts of anthropogenic nitrogen
* Nitrogen delivery to the coast

» Feedback to harmful algae blooms

* Algae genera

* N aquisition in HABs

 HAB management

* Anthropogenic effects on the carbon cycle



Nitrogen and biodiversity a key global threat

climate change

This Feature is an edited summary of a longer paper available at the Stockholm
Resilience Centre (http://www.stockholmresilience.org/planetary-boundaries)

Rockstrom et al. Nature. 24 Sept 2009



PLANETARY BOUNDARES
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History of reactive Nitrogen (Nr) development
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The reactive nitrogen formation and cascade

Cascade through the environment

from Erisman 2009
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» Agriculture is main N user in EU-27
« Less than 50% of N input is utilized
 Agriculture is main source of N losses in EU-27:
— NH; to air: ~90% of total NH; emissions
— N,O to air: ~60% of total N,O emissions
— N in surface waters: ~40-60% of total N emissions

« Self sufficiency of food in EU-27 is ~100%, but massive
import of soya

« Global food production has to increase ~50% by 2050

Oene Onemma, 2009



ED

30

-30

-£0

First satellite based ammonia concentrations

Clarisse et al. 2009
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h“' Modelled atmospheric deposition (mgN m-=2 y-1)
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Nr deposition is not only
increasing but also
affecting open ocean
regions that are currently
E oligotrophic!
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Duce et al. Science 2008



Expected changes in the oceanic N:P ratios from
anthropogenic atmospheric deposition
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h‘" Riverine input is the most important flux to the
coastal ocean

Natural background fux

Republic of Korea
North Sea watersheds

Mortheastern US
* Many large rivers

receive much
higher N loads in
their catchments
than the natural
background level.

Yellow River basin
Mississippr River basin
Baltic Sea watersheds

St. Lawrence River basin

Southwestern Europe

Labrador and Hudson"s Bay

0 500 1000 1500 2000
kg N per km? of watershed per year

Howarth 2008



NEWS-DIN-predicted dominant sources of DIN
export

Dominant source
of DIN export

I sewage point sources

| Fertilizer
- Manure

I Biological N2 fixation
| Nitrate deposition

Dumont et al 2005 GBC



* No predictive

NEWS Model

N Sources N Sinks

Crop Harvest River and Reservoir
Point=source N and Grazing N Retention
(Sewage) + +

Sewage Consumptive Water Use
Treatment (Primarily Irrigation)

Hydrology

Naturally Fixed N
+

MNon=point=source N

(Ferfilizer, Manure, Legumes, Atmos, N Deposition)

Calibrated =—

ca paC|ty DIN Yield

(kg N km=? yr')

No time

dependence
Box model

type



The NEWS - DIN model

Nutrient Export from Watersheds

Most DIN is
8 1 exported from
Europe and Asia

m Biolegical N2 fixation

N O Ferilizer The NEWS-D'N
= Manure model results:
O Nitrate deposition 25 TgN y-1 is the
m Sewage point sources gIObal yleld,

41 16 TgN y ' is of

DIN export (Tg N 9'1)
th
1

anthr. origin

"
2

Modeled DIN export
kg N
<

®  Data subset 1

N.Aamerica 3 Amenca Europe Asia Africa Aus ., pgl O Data subset 2
Indion., 105 1 . ] . §
ocegna 16 108 107 10° 10° 10
Measured DIN export (kg N yv')
Continent

Dumont et al GBC, 2005
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net anthropogenic nitrogen inputs
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net anthropogenic introgen inputs, kgN km-2 yr-1

net anthropogenic nitrogen inputs (NANI):

defined as the sum of nitrogen inputs as synthetic fertilizer, in nitrogen fixation

associated with agriculture, as NOy deposition, and the net import or export of
nitrogen in foods and feeds.

Howarth et al. 1996, 2008



Global N cycle: link between land and ocean
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Headwater streams, groundwaters, rivers, estuaries and coastal seas

form a continuum of ecosystems...

all of which are seriously affected by reactive nitrogen contamination.

Pluvio

!
2

Reservoirs

Large alluvial plains

Urban areas
Marine coastal zone
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Nitrogen retention in watersheds

o ~ Land-based N inputs |
(biological N, fixation, synthetic fertilizer, atmaspheric NO, }

~270 Tg Niyr

.

Soils

. =

Groundwater, lakes, and rivers

|

Estuaries

Atmospheric N Continental shelves

deposition IU B
g.. Open ocean .

Croygen minimum zones

Marine N, fixation
B7-156 Tg Niyr

Seitzigner et al. 2006



Coastal eutrophication is the ultimate manifestation of these perturbations
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Cyanobac{bloorh'(l{jodularia) (Baltic S.)

MODIS-Aqua (NASA) 2007
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Four major antropogenic N sources

for coastal seas

Riverine runoff

Atmospheric deposition
Seawage

: Aquaculture HAB
Flushing | 0 o ©
E——) = ‘
s §§ é?% @0°
Hypoxia

DIN, DON export of the rivers
Atm. Deposition, wet and dry
~ « Groundwater input

Fish, shrimp etc. farms



Role of Mangrove forests

M. fringe 60 — 75% of tropical shores
(Spalding et al., 1997) and cover an area
of 11 — 24 x 109 m?

« They are essential for the regulation of
the DIN concentration reaching the
coastal ocean.

* In the forests high denitrification rates are
encountered.

« M. could strongly reduce DIN
concentrations from a polluted river
flowing through a mangrove.

 BUT between 35% of dense mangrove
areas have been cleared for conversion
into shrimp and fish farms, agricultural
croplands and urban areas, between
1980 and 2000 globally.
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* There are very clear links between the human
nitrogen fixation and fertilizer over-application in
most countries worldwide — except most
countries in Africa.

* Moroever it is clear that coastal eutrophication is
a consequence of mainly the diffuse nitrogen
input from farming practices.

» Atmospheric deposition plays another important
role for eutrophication of inland and coastal
waters.
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The HAB problem is
significant and growing
worldwide and poses o
major threat fo public
health, ecosystem health,
and fo fisheries and
economic development.

Anderson et al (2002) Estuaries



Hamful Algal Blooms (HAB)
Definition by the scientific community ...

...to describe a diverse array of blooms of both microscopic and
macroscopic marine algae which produce toxic effects on humans and
other organisms

physical impairment of fish and shellfish; nuisance conditions from
odors and discoloration of waters or habitats.
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| Cyanobacterla ,blue-green algae*“

wﬁ; H--t
> prokarytic % :
»cell wall W |
»more abundant in freshwateﬂaqkﬁsn wate
»>able to fix N, - ;i.
>heterocystlc Anabaena, Aphanlzomenon
»non-heterocycstic: Trichodesmium

»uicellular: Microcystis
»>toxins: Anatoxins, Microcystins, Nodularins, Saxitoxins

Photo: Pernilla Lundgren



Dinoflagellates- ,Red tides”

»eukaryotic

»cell wall: cellulose

»more abundant in marine environments
»dormant resting stages

» Alexandrium, Gymnodinium, Karenia
»Paralytic Shellfish Poisoning — (PSP) in
Pfisteria species

»Other toxins: Brevetoxins, Saxitoxins

\:" © 2001 Photo courtasy of Brion Bill
Morthwest Fisherles Sclence Center




Diatoms- ,brown tide*

»eukaryotic

»freshwater+ marine

»single celled

»cell wall: silicate

» Chaetocerus, Skeletonema
Thallasiosiria

» Toxin: domoic acid, food feb
transferred neurotoxin

»Amnesic Shellfish Poisoning (ASP)
in Pseuso-nitzschia
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Raphidophytes and Haptophytes

»eukaryotic

»R. no rigid cell wall

»R: Chattonella, Heterosigma akashiwo
»H: Emiliana, Phaeocystis

»exotic species allocated by ballast water

N



Imbalance between nitrogen (and phosphorus)

iInputs, chaning the N:P ratio

»...with respect to silica inputs,

) increasing riverine nitrogen inputs
compared to the requirements of

) 5 3000 -
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_onsequence from the imbalance between

nitrogen (and phosphorus) inputs

21 [
o 14
. 3
LT _' HE
E [
Ii =
? ] | ] | _E
5 b 1™
i . i . 4 ’ . ] 3 9
Si:N N:P Si:N N:P i - wase 1sEE 1860

Imbalanced nutrient inputs lead to drastic changes in the phytoplankton community



Other possible controls of blooms

Favourable bloom conditions Weak bloom conditions

X\?X s %;; Xxf %;’

.
/

Flow Water Temp Mixing Sunlight Salinity
High flow Warm water Still water <l m light o7 Low salinity
Intense blooms: = (»1500) (little wind) flivde cloud) 57 (NaCl: 0-5%)
I{I‘Lr;ll
Cooler water Mixed water Lower light Higher salinity
No/weak blooms: # Lo flow (!) (<1500) (Winds) SO “k"& ) (NaCl: >5%)



Sites with reported eutrophication realeted

dead zones

Diaz and Rosenberg 2008



Top-down control

Decrease of
commercial
fish species

Increase in
small fishes
or jellyfishes

\.0
< >

Decrease of
herbivores m..
R

4‘..... AR
N

Increase in

=
HARMFUL ALGAL

BLOOMS
(HABS)

Fig 27.1. Possible pathway for HAB formation when the “top-down control” of the food
chain is disrupted, as e.g., by overfishing. (Redrawn from Granéli 2004)




Competetive advantage - Mixotrophy

= Combination of photoautotrophy and heterotrophy

Phagotrophy
= prey ingestion

A

Feed when DIN is limiting

TYPE I

Phagotrophic "
Primarily phototrophic

B

Feed when a trace organic
growth factor is limiting

Osmotrophy
= uptake of dissolved
compounds

Algae"

lic

Feed when light is limiting
(to get Carbon)

TYPE Il

Photosynthetic "Protozoa"
primarily phagotrophic

A
with "own" plastids

Photosynthesise when prey is limiting

]]2]
with harbored algal endosymbionts

Photosynthesis supplements carbon nutrition

(Stoecker 1998)
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Advantages of urea uses over ammonia: less explosive,
granulas, easy transportation, 2 N instead of just 1 N per
mol, longer residence times in soils

Urea production increases and is heavily subsidised —
50% of global fertilizer prodcution is nowadays urea!

China and India account for half of the global
consumption.

India, Pakistan, Bangladesh subsidise the use which
leads ot heavy over-consumption of urea fertilizer.

Urea is on soils usually hydrolised and then nitrified, but
also it reaches the water unchanged.

Glibert et al. 2009
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 Used as a feed additive

« Urea-based herbicides and pesticides — this
iIncludes direct applications on land and it then
enters surface waters

« Spread on oil-spills
* Use in pharmacy eg as moistering additive

Glibert et al. 2009



Concentrations of urea

Tahle !, Range of concentrations { pbd-MN) of urea from some coastal and estuarine sites reported
in the hiterature.

Location Fange of concentration Reference

Savannah B, Georgia (.59—8 8D Femsen 1971
Opeechee B, Georzia 1.26—4. 89 Femsen 1971

Careat South Bay, Mew York .6-94 Eaufman et al. 1953
Mankyung and Dongiin River estnary, Korea 643 Cho et al. 19546
Oslofjord, Morway 0.1-10.0 KEristiinsen 1983
Chesapeake Bay, mainstem = (L1516 Lomas et al, 2002
Flonida Bay, Flonda 03617 Gilhibert et al. 24
Coastal Bays, Maryland <.01-14 4 Calibeert et al, 2(605a
Kings Creek, Chesapeake Bay, Maryland 0.3-2472 CGihibert et al. X¥i5a
Chicamicomico B, Chesapeake Bay, Maryland  1.0-234 Calibert et al. 2K 3a
Baltc Sea (L0691 Stepannuskas et al. 202
KEnysna Estuary, South Africa 4-58 Switzer, unpub data

« Urea is an important component of DON in coastal
oceans and readily consumed by phytoplankton

Glibert et al. 2009



Global impact of urea use on HABs

reports on increased toxicity

Legend
" Urea Consumption {Mgiy)
B o - a0
- I <01 - 1500

_-—-df_ T B P 1501 - 3500

- - [ s01 - 7000
: [ 7001 - 5000
" | 15001 - 30000
I 30001 - 100000
B 1 cooo - 200000
I o001 - sooooo

o . I 500001 - 15000000

Urea use-1965
PSP-1970

Urea use-1999
PSP-2000

Glibert et al. 2009



High variability of HABs in occurence and

Impact

Large biomass/ low toxicity Low biomass/| high toxicity

»Blockage of respiratory water flow » Shelfish/fish poisoning

through fish qills » Respiratory problems
»excessive mucus interference » Drinking water problem
»Degradation of biomass leads to » Accumulation within the food web

anoxia



Why harmfull?- High biomass impact on

ecosystem

» massive die-off and decay
of algae from a nearshore
harmful algal bloom (a "red
tide")

» rapid reduction in the
water's dissolved oxygen
concentration

» driving tens of thousands of
rock lobsters to "walk out of
the sea" near the coastal town
of Elands Bay in South
Africa's Western Cape
province

» Lobster were stranded
while searching for oxygen
rich water




h" Economic impact

»Human illnesses
»Fish kills in aquaculture industry
»Recreational resources affected through anastaetic water conditions

http://www.noaa.gov/feat@es/eart
hobs_0508/images/deadfish.jpg

ok £ :I:.‘




Low biomass but toxic impact on human health

Shellfish Poisoning Syndromes

PSP paralytic
DSP diarrhetic,
 NSP neurotoxic
« ASP amnesic
 AZP azaspiracid

« Except for ASP, all are
caused by biotoxins
synthesized by
dinoflagellates, ASP is from
diatoms

» ciguatera fish poisoning
(CFP) is caused by toxins
produced by dinoflagellates
that live on surfaces in
many coral reef
communities

from Turquet et al. (2000)




Occurence of PSP 1970 and 2000

Glibert et al (2005) Oceanography



Occurence of
shellfish poisening
And fish Kills

Supposed to
increase further




Degradation Trajectory

An example from Chesapeak Bay

_ﬁ More nutrints (N/P) Bottom-water O2
élg Nutlent recycllng

More Algae & Turbidity |
% e Benthic Primary
© ; c
2 : roduction
b Less O, in <
(U]
~ | L _Deep water |
e Oysters
= Less Ilght & Tidal reef

Lower Redox &

Water clearity feedback

Less N/P uptake

More resuspensmn
v ; L\ »interactions reinforce the
o P re+CyC 'r;,g decline in water quality and habitat
Of NH,*/PO, 16
condition

Diseases\—| Degraded
- oysters

Eroded tidal

’Sea level
marshes

rise

Redrawn from Kemp et al. 2005



Management - Restoration Trajectory

_ﬁ Less nutrints (N/P) Bottom-water O2
Nutlent recycllng

LeSS

Benthic Primary
productlon

Less O, in

More Ilght &
Benthic production

Oysters
Tldal reef

Nutrient feedback

Water clearity feedback

More N/P uptake

More resus pens ionl=
1

Less recycling

777777777777 »reinforce the improvement of

wwwwwwwwwwwwwwwwwww water and habitat quality

(Restoration Y Healthy

Expanded tidal
marshes

Sedlment
\.accretion /

Redrawn from Kemp et al. 2005



Management- Information/Monitoring

Manual on
Harmful Marine
Microalgae
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== TmmEs Ocean Acidification

Z=10W impact in C (and N) cycling

« Over the past decades several hundreds of papers have been
published on the effects of OA on biota — most of them in the recent
years.

» Large EU projects like Carbocean and Peece have been funded.

* In Sep. 2009 a large German project was launched with a budget of
8.5 mio €. BIOACID will investigate the effects of OA on biota.

* The UK program will soon be launched.
« Also a US program may come soon.



Concentrations of CO,, HCO,~, CO,%~, H*,
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Several studies showed increasing N-fix rates
under high CO,
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primary production

Schematic of the Calvin Cycle:
e During primary
production CO, fixation
is mediated by RuBisCO,
and takes place in
chloroplasts of

eukaryotic phytoplankton w
or in the thylakoid T Cooon Patn
membranes of - r
cyanobacteria .\ o] ' Beeciion
 RuBisCO is unaffected X\
by the pH, but regulated ®.
by the CO,, availability... Ty
* ...the performance of
RuBisCo is

maximized by the
CCM.



Effect on primary producers
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Rost et al. 2003



Effect on the biogeochemistry

* Although the same quantities of
Inorganic nutrients were consumed

g | in all set-ups,
jﬁ“ 801350 patm M _ » the carbon consumption exceeded
3 100 H‘V‘ ] present rates by 27% (at 2*CO,)
wol1050patm | T and 39% (3*CO,).
b T - The production of TEP (up to
60 ' ,-..'____ | fourfold increase) may accelarate

40 y ) particle aggregation and

LAV | sedimentation.
Moreover the DOM release may
explain the ,missing” organic

0 5 10 15 20 carbon.
Ciays

Riebesell et al. Nature, 2007
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Strong link between C and N

Microbial
food web

" lmm

Polysaccharides — aggregation — TEP

LMW DOM

modified from Engel et al. 2004



Results from modelling

pCO, increase

.g. 700
2 600 —
S /
%_ 500
2 400 e 50 : DIC Inventory
2 / ® air-sea CO2 flux Il
2 300 | 451 A ai-sea CO2 flux V +100GtC
£ = 40— AAALL,,, ]
< 200 : : : : : : : : > —o— mean DIC inventory |l AL _ge000¢ =
O 35 A _o® A 2270 2
1750 1800 1850 1900 1950 2000 2050 2100 2150 2200 g T —~— mean DIC inventory IV ‘?0 oi2 £
Time [years] ;' 3.0 AA' .A 2260 ;
= o
~ 251 o 12250 &
o >
. 1N 1 1 1 1 © 20 12240 £
C:N ratio in sinking particles & c o
9.0 o 15 ° 12230 O
: b 3 &
E‘ 8.5 = = =Experiment Il é 1.0 4 ““ 12220 2
= 8.0 Experiment [V / 05 | ““ 1 2210
E.s i qanonsddd
z " 0.0 an” ‘ ‘ ‘ ‘ ‘ ‘ ‘ 2200
S0 1750 1800 1850 1900 1950 2000 2050 2100 2150 2200
[e]
a 6.5 Time [years]
6.0 T T T T T T T T
1750 1800 1850 1900 1950 2000 2050 2100 2150 2200 .
Schneider et al., 2004

Time [years]



m Links from particle production to sedimentation

« DOC production
and decay are
sensitive to OA
and global
warming.

« altered DOC
cycling affects
particle flux
dynamics and
carbon export.

Present

Arrigo (2007)
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s Summary

Humans have changed the major elemental
cycles considerable with adverse effects for
the environment

Industrial ammonia production has changed
the world and is already higher than all natural
nitrogen fixation

This causes unbalanced N:P:Si ratios

Nutrient concentrations and ratios are reasons
for HABs

One of the effects are HABs prducing toxins or
harming the environment

OA needs to be better understood



