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Nitrogen deposition accumulates in catchments and leads
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Trends in NO3 concentrations and fluxes
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Aren’t freshwaters just P-limited?

IC_P Water_s Report 101/2010 Schindler 1977:
Nutrient enrichment effects of

— whole-lake manipulations

atmospheric N deposition on biology show that lakes are P-limited

in oligotrophic surface waters

- areview

All three papers that critically review the P limitation paradigm (Elser et al., 2007; Lewis and
Wurtsbaugh, 2008; Sterner, 2008) agree that there 1s compelling evidence that phytoplankton
prc-ductn ity can be limited both by N and P The}' alsn agree that the mr:-chamsm proposed by
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P-limitation paradigm has been
Challenged by Sterner and Elser,
and others
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Figure 1 Responses of autotrophs to single enrichment of N or P or to combined N + P enrichment in De Wlt an d Ll N d ho I m 20 10
terrestrial, freshwater and marine ecosystems. Data are given as natural-log transformed response
ratios (RRx) in which autotroph biomass or production in the enriched treatment is divided by its value I C P Wate IS re po rt 10 1 / 20 10

in the control treatment and then In-transformed. Error bars indicate + or — one standard error.
Redrawn from Elser et al. (2007) (Figure 1)
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Phytoplankton in oligotrophic lakes

Microscopic, unicellular organisms
that do photosynthetis

The basis for pelagic food
chains in lakes

Needs light, CO,, and macro- and
micro nutrients to grow

Most important macronutrients are
nitrogen and phosphorus

« These may limit growth rate and
biomass
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Reactive nitrogen — preliminary data exploration

* Based on existing Norwegian database where water chemistry has been
linked to data on phytoplankton, in 1100 lakes

* Contains many data from eutrophic, agriculturally impacted lakes

e So far:
* Separate lakes with <TP 15 pg/L from the rest.

e Test relationships between ‘algal biovolume’ (a proxy for algal biomass) and
water chemical parameters

» Test relationships between community (nr of taxa) and water chemistry.
e Key question — is reactive nitrogen limiting freshwater productivity?
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Water chemistry

* TN and TP measured in 53 % of the samples (~7500 observations)
* NO3inca.40%
* NH4 in <20%

* Several observations per lake (some > 100) and year
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Algal biomass

cross section

ellipsoid

* 15000 observations of
phytoplankton total biovolume

* Biovolume = the volume of an algal o’g
cell — £
(@) o
* Calculated based on the shape of the E &1
cell, e.g an ellipspoid GEJ g
* Total biovolume = the sum of the =
2
volumes for all cells of all taxa 3]
. O g
present in the sample —
g 8 R*=0.84
I_ [J_IQ 1I 1I(] 1[IH] 1{]I[)D

e Well correlated with chl a
concentration
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TP, TN and algal biomass

* TN and TP is measured on unfiltered water samples

e Contains both dissolved and particulate N and P.

* Alarge fraction of the total P pool is bound in phytoplankton.
* Almost always > 40%, often > 90 %

* In oligotrophic water, humus-rich water possibly lower

* There will necessarily be an autocorrelation when relating TP to algal
biovolume or chl a.

* The same is true for TN, but a smaller fraction of TN is bound in algal
biomass

 Median fraction of 15 % based on data from 75 Norwegian and Swedish lakes
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Aggregated dataset

e Subset to the algal growth season (May-Sept)

* Aggregated by taking the mean for each lake within each year
* Reduced the dataset from 15 000 to about 2500 datapoints for biovolume
* From ca. 7500 til 1250 obs for TN and TP

* Most lakes now with < 10 samples per lake
May — september

NB! Preliminary analyses

are done on this dataset,

but the datapoints are not

independent (later: e.g.

‘ use of mixed effect models
to account for dependeny

e ] within lakes)
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Distributions of N, P, NO; and N:P in the database
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Co-limitation? Responses of
phytoplankton biomass to N and P
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e Strong relationship between total biovolume and TP
alone (whole dataset: R? = 0.61; oligotrophic lakes:
R?2=0.3)

* Moderate relationship with TN alone (whole
dataset: R? = 0.41; oligotrophic lakes: R? = 0.2)

* Including both variables increased the explained B
variation slightly (whole dataset: R? = 0.64; 1\ -’;""‘*:::”:‘:-.-:‘:st: X
oligotrophic lakes: R? = 0.37)

* Plots show response of biomass to TN and TP
(upper), and NO3 and TP (lower) for oligotrophic
lakes (TP < 15 pg/L)

* Strong TP-effect for all N-concentrations

* A postive effect of N, but generally only in the lower
end of the N-gradient
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Effects of atmospheric nitrogen deposition on nutrient limitation and phytoplankton
biomass in unproductive Swedish lakes
2005

Ann-Kristin Bergstrom*
Department of Ecology and Environmental Science. Umea University. SE-901 87 Umea. Sweden
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Fig. 3. The relationship between mean river transport of morganic T 1
mtrogen (rver D]IN) and mean wet morganic mtrogeu_deposmon 0 500 1000 1500
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Fig. 1. The different Swedish regions used in this study.
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Effect of total nitrogen on species diversity
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Gaussian curve: looking for optimum TN for
maximum number of taxa (richness)
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Conclusions

* Preliminary analysis supports that P-limitation of algal productivity is
most common, but suggests co-limitation of P and N at low
concentrations of N

* However...
* The dataset contains (too) few data from oligotrophic lakes
* Not clear which lakes are impacted only by deposition

* To be discussed
* Availability of other data
* Approach —key questions — methods
* |nterest of NFCs to participate in the analysis.
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Responses of phytoplankton biomass to N and P
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« When lakes are P-limited, we expect the =
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N:P ratios indicative of N or P limitation

§ N All data
+ TP <15ug/lL
» Majority of TN: TP ratios - '
above Redfield N:P ratio, . N
especially in oligotrophic lakes £ ¢ §
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« Possible relationship between
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Species accumulation curve (sampling effort)
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