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nitrogen cycling interactions observed
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Improved system understanding

Integrating CNR into lakes

Lake system

Summary

Seminal references

Food web
dynamics

regulate nutrient
recycling

Productivity | The lake asa Forbes (1887)
response microcosm
independent from the
catchment
Catchment Productivity | Nutrient input-output ~ Vallentine (1974)
inputs response models describe Vollenweider (1976)
response to catchment OECD (1982)
load
Hydrodynamics . o
Catchment Productivity | Mixing-stratification Hutchinson & Loffler (1956)
inputs response cycles determine lake  Lewis (1983)
response to catchment Imberger and Patterson
load (1990)
Hydrodynamics . ) )
Catchment + Productivity | Microbial recycling can Azam et al. (1983)
inputs Biogeochemistry response rapidly regenerate Killham & Killham (1991)
nutrients to sustain
phtyoplankton growth
Catchment Hydrodynamms Productivity | Large consumers can Carpenter et al. (1992)
inputs Biogeoghemistry response directly and indirectly Elser & Sterner (2002)

Vanni et al. (2013)

Stewart et al. in press



Context: Lake Taup0 annual cycle
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Considering food web dynamics
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dConsidering food web dynamics

50 H

45 A

w b
v O

w
o
1

N
o
1

[N
(S}
1

Zooplankton (Indiv. x 1000 m-3)
N
(Oa]

[N
o
1

0 0.5 1 1.5 2 2.5 3 3.5
Chl-a (g m-3)

Stewart et al. 2017 Freshwater Biology



Fuelling the food web
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Considering food web dynamics
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Changes in trout diet
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Evidence for CNR - mass-balance

Phytoplankton DIN
uptake

Hypolimnetic influx
+

Littoral exchange
+

Riverine load

+
N-fixation
+
Atmospheric deposition
+
Consumer nutrient
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+
A DIN

In situ recycling




Evidence for CNR - mass-balance
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Evidence for CNR - mass-balance
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Deviation from global
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Long-term food web effects
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Annual trout spawning in Lake Taupo
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So... lets try using this information to
model the trout population

Asmelt/At =r(smelt XSt) —(smeltX trout)
o]

v
- Atrout/ANt =(smelt Xtrout Xe) —(mdl Xtroutx "1—=ISt ))—(md2 XtroutT2
X AM—=USt)

* r = growth of smelt

* m, &m, = trout mortality

* e = energy conversion efficiency

* St =index for the number of days mixed




Trout biomass
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Smelt effect on N-cycling
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Smelt effect on N-cycling
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Evidence for CNR — stable isotopes
@—
5N — “You are

what you eat, \

plUS 3%o0”
— 15N/14N




"~ Evidence for CNR — stable isotopes
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Evidence for CNR — stable isotopes
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Summary

 CNRis a significant influx of N to support primary
production in Lake Taupao:

« Strong correlations show the contribution of CNR to
the DIN pool

« Evidence of CNR contributions were strongest
during summer stratification — when nutrient
availability was low and the lake was net-
heterotrophic

« These findings present a case for considering food web
dynamics when management is aimed towards specific
nutrient concentration targets




