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Changing nutrient loads, forms and ratios: effects
on phytoplankton communities and food webs and
challenges for modelers and managers

Nutrients Changesm® Cell Physiology m® Food web Effects m f/llc?c?jlling




6
5_
c 47
O 31
& 2 World populati
L orld population
0 T T T T T
1960 1970 1980 1990 2000 2010 2020
150
2 120 -
)
L 90 A
5
£ 60 -
c
2 30 World N Fertilizer
E DI T T T T T
1960 1970 1980 1990 2000 2010 2020
300
250 4
(7]
C 200 A
(@]
£ 150 A
;3 100 -
S 509 World Meat Production
O T T T T T
1960 1970 1980 1990 2000 2010 2020

QuadrillionBTU

annual Tg P yr-1

Million metric

500

400 -

300 -

200 1 World Energy

100 1 Consumption

0 T T T T T

1960 1970 1980 1990 2000 2010 2020
12

10

8

6

4

2 - Annual P Accumulation

0 T T T T T

1960 1970 1980 1990 2000 2010 2020
30 {\World

20 {aquaculture

S |Production

-l—'lo_

0 T T T T T

1960 1970 1980 1990 2000 2010 2020

Glibert et al. 2010, J Mar Systems



Nitrogen forms are changing

N Fertilizer use (tonnes)
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Increases in Ammonium in the Maryland Coastal Bays
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Ammonium in San Francisco Bay Delta
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San Francisco Bay Delta
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Rhine River
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Phytoplankton respond not only to the total amount of
nutrients but also their form

Nitrogen oxides @ Ammonium @ Nitrate

Atmospheric @ Nitrit @ Dissolved
hitrogen LS organic nitrogen

Glibert and Hell 2012
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o high growth rate (high P
demand)

o high capacity for NO,
uptake and assimilation

Glibert et al. 2016 L&O

o slower growth rate (decreased cell
demand for P)

o increased dependence on NH, and
mixotrophy

O increased toxin production
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N:P nutrient loads
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Collectively, these strategies may promote more
HABs under conditions of imbalanced elemental loads



More paralytic shellfish toxin is produced
at high N:P ratios

PSP (pg cell )
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Cellular N:P-ratios

Graneli 2005 based on Boyer et al., 1987



Lake Taihu, China
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The ‘guacamole thick’ bloom of Florida, 2016
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This concept formalized as
Ecological Stoichiometry
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Eikecl Stoichiomety

Nutrients affect food quality , in turn altering food
webs



Ecological stoichiometry theory suggests that
grazers follow a "You are NOT what you eat”
strategy, more or less

You are what your eat

You are NOT what you
______ “eatl.
Strict homeostasis

It's a grand mass balance- biomass and
substrate nutrients ultimately have to balance

Stoichiometry of consumer

Stoichiometry of resource or prey

Modified from Sterner and Elser 2002

Glibert et al., 2011
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Algal community composition has changed

4
(7p]
25 3
—1 ©
o 2
1
s 2 :
& Dinoflagellates
v
o [
g 1 ®% oo g
0 > O
a 0 4
> ® o0
3

1
H




The correlation of the change in species with
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Ultimately species composition changes- even when
nutrients are not in classically defined "limiting"

conditions
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Rhine River
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Linked suite of models

Nutrient
loadings

TS Simulations

Links to
other global
changes

Glibert et al. 2010, J Mar Systems



Comparing Present Condition with data
N European coast

Prorocentrum spp
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Model Cell Counts (log (x+1))
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Comparing Present Condition with
Future Projection: N European coast

Prorocentrum spp
Present Day Future Projection (2100)
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Scale indicates percent of pixels in model with suitable habitat conditions

Large expansion in potential habitat

Glibert et al. 2014d, Global Change Biol



Anthropogenic changes
IN nutrients are driving
systems into
stoichiometric imbalance
and this can amplify the
positive feedbacks that
result in HABs

Changes in nutrient form have consequences for
ecosystem productivity and species composition; this
has implications for nutrient management and nutrient
criteria which are largely defined in terms of TN and

There is much to be learned about
organismal and ecosystem responses to
nutrient saturated and super-saturated and
stoichiometrically imbalanced nutrient levels




Summary & conclusions
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Phytoplankton have different nutrient preferences/
requirements; nutrient form and stoichiometry affect
algal community composition;

Changes in nutrient stoichiometry and form
ultimately have effects through the entire food web;

Similar trajectories of change are occurring in
comparative ecosystems throughout the world;
future changes projected to be large;

More ‘reduced’ N and higher N:P lead to more
HABS.
Ratios matter.
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