Ekologicka stechiometrie

e Zdroje (ziviny)

» Fyzika a chemie (z. zachovani hmoty a energie, prvky)

e Nerovnovaha zdrojti

e Regenerace zivin
o Stechiometrie spolecenstev

o Stechiometrie ekosystémti




Ekologicka stechiometrie ?

Syntéza produkcni ekologie a populacni ekologie...
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Ekologicka stechiometrie — pocatky

Stechiometrie zkouma zakonité (,,povolené™) pomeéry prvkd

Liebig (1840) — zakon minima
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Ekologicka stechiometrie — vychodiska

Fyzika: zakon zachovani hmoty a energie, termodynamika

Chemie: stechiometrie, relativni poméry prvkd, biochemie

Ekologie: produkcni biologie vs. stechiometrie —

uhlik = integrace hmoty a energie

biologicka diverzita vs. stechiometrie —

prvky = ,nejmensi spolecné jmenovatele"




Ekologicka stechiometrie — cile

ealisticky popis chovani populaci a ekosystemii
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Biogenni prvky: nehomeostaticke

Demand Plants Supply Water Demand:Supply Plants:
Element (o) (%) Water (approx)

Oygen B0.5 89 1
Hydrogen 9.7 1 1

Carbon’ C 6.5 0.0012 5.000
Silicon” Si 1.3 0.00065 2,000

W
Calcium Ca 0.4 0.0015 <1,000
Potassium K 0.3 0.000.3 1,300
Phosphorus’ P 0.08 0.000001 80,000
Magnesium Mg Q.07 0.0004 =1,000
Sulfur = 0.06 0.0004 =1,000
Chlorine C 0.06 0.0008 <1,000
Sodium Ma 0.04 0.0006 <1,000
Iron’ Fe 0.02 0.00oo7 <1,000
Boron = 0.001 0.00001 <1,000
Manganese BN 0.0007 0.0000015 <1,000
Zinc Zn 0.0003 000000 <1,000
Copper Zu 0,000 0.000001 <1,000
Malybdenurm P 0.0000% 0.0000003 < 1.000
Cobalt® Cao 0.000002 0. 000000005 =1.000




Biogenni prvky: nehomeostaticke / stopové
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Homeostaze — regulace zivych soustav

Negativni zpetna vazba mezi vnitrnimi podminkami

Constant Proportional
Change from Food:
Mo Homeostasis

You are what you eat:
Nn{Hnmeustasis
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Absence homeostaze — autotrofni rust
Fytoplankton (Scenedesmus)

y =0.94x + 0.14 y = 1.00x - 0.03
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Striktni homeostaze — heterotrofni rust
Bakterie = rovnovazny rust
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Herbivore P (%)

Silna / striktni homeostaze — Zooplankton

®

y=0.13x+0.24
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Stechiometrie bunky — bunécna chemie
Slozeni biomolekul — biochemicka stechiometrie

Selekce C, N a P v biochemické evoluci

proteiny

— ¥ .
=C+ N Phosphoarginine @
Protein 7 Phosphocreatine

NGk, kysellny C+N + P

Hucleu: Acids

Peptidoglycan

sacharidy a np.é»\
— g (MQL) Neutral Lipids

Glucose




Stechiometrie bunky — bunécna chemie

Slozeni organel — vnitrobunécna stechiometrie

F

Chioroplast 15 - , Plasmalemma

Mitochondria v - e . ®Nucleus
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Autotrofni rust (stechiometrie producentt)
Nezastupitelny zdroj — bunécné minimum (prah)

Droop (1974) — cell quota: Q,.,;, (mol cell}, kdyz p = 0)

g =
3 -
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Drooplv model:
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Autotrofni rust (stechiometrie producentt)

Stechiometrie autotrofll zavisi na mire limitace zivinami

Molarni pomery C:N, C:P, N:P

0 02 0.4 0.6 08 10 :
Specific Growth Rate (d-') Specific Growth Rate (d-')




Autotrofni rust (stechiometrie producentt)

Vliv svetla ? — pomer svétlo:ziviny

P-Limited Growth MN-Limited Growth
( H-RoNe
——ii

Increasing Light

0.4 0.8
Specific Growth Rate (d™) Specific Growth Rate (d™1)




Autotrofni rust (stechiometrie producentt)

Prediktivni model alokace u ras (Shuter 1979)

B = Biosynthesis

F = Fixed Structure

Allocation

P = Photosynthesis

S = Storage

Temperature




Autotrofni rust (stechiometrie producentt)

Variabilita v zakladu potravnich siti (potr. pyramidy)

% Observations

M Freshwater
[ Terrestrial
COMarine

Coefficient of Variation

Marine Freshwater Terrestrial
Habitat

25 35 45
N:P Biomass




Priumeérny fytoplankton — stechiometricka fikce ?

K-stratégové N, fixatori
The ‘survivalist A | N:P > 40

Has a high M:P ratio (>30)
Can sustain growth when resources are low
Contains coplous respurce-acguigition machinery

r-strategove

The 'bloamer’ ; i
Haz a low NP ratio (<10}
Adapted for exponential growth

Contains a high proportion of growth machinery

The ‘generalist’ G E
Hasz a MNP ratio near the Redfield ratio -
Balances growth and acquisition machinery
Do many species with these attributes exdst?
Daes the Redfield ratio mostly reflact a balance

between survivalists and bloomers in a popuation? = idéélni fytOplal‘IktOI‘l

Growth machinery Resource-acquisition machinery
E Ribosormal RMA has a low MNP ratio 8 Enzyrmes have a high N:P ratio
E Pigment/proteins have a high NP ratio




Stechiometrie fytoplanktonu — evolucni rozdily

~Chlorophyta™ — pomér C:N:P ~ 200:27:1 (jezera!)

r’ 4 _'_'_._._'_-_____-_-_“___-_-_-—‘_‘_'_""‘---.. M 4 =~
K-stratégové  _—— = i N fixatori
The *survivalist' {0 _ I N:P > 40

““‘-,__ =——

Has a high N:P ratio (»30)
Can sustain growth when resources are low
Contains coplous resource-acquisition machinery

r-stratégoveé

The 'bloomer’
Has a low NP ratia (<10} —
Adapted for exponential growth
Contains a high proportion of growth machinery

Growth machinery Resource-acquisition machinery
E Ribosomal RMA has a low NP ratio G Enzymes have a high N:P ratic

E Plgment/proteins have a high NP ratio




Multiple resource co-limitation

soucasna limitace producenta vice nezastupitelnymi zdroji

3 odlisné pripady:

(For example, two imiting resources, Single s pecies responds
two algal species in community) to either resource
' Mechanism: One nutrlent aids in the

uptake or assimilation of the ather




Heterotrofni homeostaze
(stechiometrie konzument()

Rust — vyuziti zdroji = zména stechiometrie

MNucleic
Acid




Heterotrofni homeostaze — Zooplankton
(stechiometrie bezobratlych)

Leptodora

Polyphemus




Heterotrofni homeostaze — Zooplankton
(stechiometrie bezobratlych)

Growth Rate Hypothesis (GRH) = ribozomy

Scapholebris ¢

; ; mucronata
Large
Daphnia magna mall

® Daphnia magna .-

Bosmina e
longirostris .-~

0 02 04 06 08 10 12 14
% RNA-P

Bosmina  Large Small Scapholebris
longirostris Daphnia  Daphnia  mucronata
magna  magna




DE ribosome kinetics

(Dobberfuhl a Elser) @ Daptinia ot
o Daphnia obtusa

m Scapholebris mucronata
o Bosmina longirostris

0.2 04 0.6 0.8 1.0 1.2
Maximum Growth Rate (um, a1y




Heterotrofni homeostaze — Ryby
(stechiometrie obratlovcl)

Strukturni investice = kostra

®

. Kidney .

. —— Liver

“JMuscle
O Brain

obrovska potreba P (+Ca) !




Heterotrofni homeostaze — Ryby
(stechiometrie obratlovcl)

Strukturni investice = kostra

--="" O Cyprinids
B Perch/Centrachids
@ Other




Nerovnovaha zdroju a rust zivocichi

Zakon zachovani hmoty = stechiometricky vztah

konzument—zdroj:

g =IN-(EG + EX) [growth rate]
GGE = g/IN = S-NGE [gross growth efficiency]
NGE = g'/(IN - EG) [net growth efficiency]

S = (IN - EG)/IN [assimilation efficiency]

EXcretion




Nerovnovaha zdroju — yield (vytézek)

Velka variabilita GGE. — taxonomicke rozdily

Ciliates

o
2
3
°©

=)
L.
T

Cladocerans
Dinoflagellates




Nerovnovaha zdroju — yield (vytézek)

Uéinnosti se lisi podle kvality zdroje = stechiometrie!
— detritivori, herbivori, karnivori:
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Limitovany rust heterotrofii — hypotéza TER

Threshold Element Ratio (prahovy pomér prvki/zivin)

Liebiglv zakon minima + stechiometrie (napt. Fe, I, Se, Zn...)
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Limitovany rust heterotrofii — hypotéza TER

Citlivost TER modelt na kvalitu i kvantitu zdroje

TER

Nutrient
Limitation
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TER vs. multiple resource co-limitation

Bakterie — homeostaze C:N:P (Thingstadt aj.)

Strict Homeostasis Homeostasis Not Strict
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TER vs. konkurence o limitujici zdroj (P)

Revize paradoxu fytoplankton—bakterie (Thingstadt)

— Algae

——— Increase in algas
—= Bacteria

— Increase in bacteria
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Nerovnovaha zdrojl + homeostaze = CNR

Consumer-driven Nutrient Recycling

Regenerace N a P = stechiometrie konzumenta

INgestion
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EGestion

N:P Algae (food)




CNR - zooplankton, mikrobialni dekompozice

Pk
=

© Olsen et al. (1986)
B Urabe et al.(1995)
® Le Borgne (1982)
| O Urabe (1993)
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CNR - obratlovci
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Stechiometrie spolecenstev

Bacterio-
planktonni

C

Fyto- Zoo-
planktonni planktonni

C C




Stechiometrie spolecenstev

Bacterio-
planktonni

P

Fyto- Zoo-
planktonni planktonni

P P
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Stechiometrie spolecenstev — integrace:

dvoiji vliv stechiometrie na ekologicke interakce

} niky druhd

e kvantitativni ~ energie

e kvalitativni ~ funkce + informace

— Algae Paradox fytoplz

——— Increase In algas
—= Bacteria
— Increase in bacteria
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Stechiometrie spolecenstev — integrace:

dvoiji vliv stechiometrie na ekologicke interakce

e kvantitativni ~ energie

} niky druhd

e kvalitativni ~ funkce + informace

o
33

* Mycorrhizal
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Stechiometrie spolecenstev — integrace:

dvoiji vliv stechiometrie na ekologicke interakce

e kvantitativni ~ energie

} niky druhd

e kvalitativni ~ funkce + informace
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0.5

0.4

s
2
£
g

0.3

024 .-

Release of -~~~ ™ Paradox of
Food Quantity 0.1 - Energy Enrichment
Limitation
0
0.01 0.1 1 10 100

Phytoplankton Abindanzimg C L)




Stechiometrie vztahu ziviny—rasy—zooplankton

Decreased Grazer 0.5
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Stechiometrie pastevniho potravniho retézce:
Andersenliv stechiometricky model

Daphnia Stoichiometry Copepod Stoichiometry
2.5
@ Stable Grazer

O Unstable 20- &~ Nulicline

Grazer Algal

Nullcline - !

=
o
|

-
o
1

1.0 1

o=
(8]
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0.5

Ly
o
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=
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0.0 ,
10 100 0.01 0.1

Phytoplankton Abundance (mg C L'T:I

Fig. 7.7. Some of the community equilibria in the Andersen stoichiometry model,
contrasting a low-C:P grazer (e.g., Daphnia) (A) with a high-C:P grazer (e.g.,
copepods) (B). For calculation of nullclines, only the grazer C:P was changed. Solid
circles represent stable equilibria and open circles represent unstable equilibria.
Multiple stable equilibria occur in the model with the low-C:P grazer.




Stechiometrie potravnich siti
aneb stechiometrie (ne/uspésnée) biomanipulace

Cascading Trophic Interactions (CTI)

Piscivore

Zooplankton
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Stechiometrie potravnich siti

aneb stechiometrie (ne/uspésné) biomanipulace

Cascading Trophic Interactions (CTI)

Predation Rate

?‘gdpal.ﬁiarggw High Food-Web
Growth Rate Manipulation @
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Stechiometrie ekosystemui
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Stechiometrie ekosystemui

Trofické urovne (GGE.) = disipace uhliku + energie !

Food Chain Efficiency

Fish
Zooplankton

Bacteria

b AR A R '?Eiﬁ:?‘"“*ﬂ'-”'&i e 'ﬁﬁfﬁ*
AIQEE‘, Seston = PRt R s e e x:;?"i'}:-:il""ﬁ.g'm..-’.-}i-‘!‘.'-mmm ot

Seston Zooplankton Fish




Stechiometrie ekosystemui

Trofie jezer a (stechiometrie) eutrofizace
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Stechiometrie ekosystémui
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Stechiometrie ekosystemui

Antropogenni vlivy = hnojeni a eutrofizace

N:P(bymass)= 250 75 25 9 5

log (TP, pg L)




Stechiometrie ekosystému — produktivita ?

Rozdily stechiometrie terestrickych a vodnich producentt

Terestr. ekosystem: vysoky C:N:P = velka (strukturni !) biomasa

Forests and Shrublands HIT *©
Mangroves | [
Grasslands
Marshes
Seagrass Meadows

Freshwater Macrophyte Meadows
Macroalgal Beds

Benthic Microalgal Beds
Phytoplankton Communities




Stechiometrie ekosystému — produktivita ?

Rozdily stechiometrie terestrickych a vodnich producentt

Terestr. ekosystem: vysoky C:N:P = velka (strukturni !) biomasa
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Stechiometrie ekosystémut — CUE

Carbon Use Efficiency — stechiometrie ucinnosti produkce

vysoka variabilita CUE mezi jezery

George Chad Lanao Malawi Tanganyika

0.25 0.038 0.097




Ekologicka stechiometrie — syntéza
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Eu}lﬂgi{:a] contrasts in stoichiometrically balanced and unbalanced ecosystems

Scale, Level of
Organization

Target

Stoichiometrically
Balanced

Stoichiometrically
Imbalanced

Defining Factor

Truphic Levels

Ecosystems

Example

Autotrophs

Herbivores

Trophic cascades

Herbivore-plant dy-
namics

Autotrophs’ limiting
factor

Herbivores™ limiting
factor

NUE

CUE

Decomposition rate

Fate of primary pro-
duction

Thermodynamics

Carbon burial

C:N:P = Redheld

r strategists favored
Favored

Classical models
Light

Carbon or energy
Low

High

Hilpill

Herbivory favored
Paradox of enrichmen

Disfavored

Open ocean

C:nutrient >> Redfield

K strategists favored
Disfavored
Multiple equilibria

Nutrients
Nutrients
Hi gh
Low

Slow
Detritivory favored

Paradox of energy en-
richment
Favored

Coniferous forests
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Fig. 8.5. Schematic of hypothesized shifts in total N:P balance from upland epi-
continental systems (low-order streams, headwater lakes) subjected mainly to non-
anthropogenic nutrient loading through enrichment producing lower N:P and emp-
tying into marine coastal environments. There, high rates of denitrification coupled
to other processes again raise N:P such that it is somewhat higher than the Redfield
ratio (indicated by oval area). Moving offshore, sedimentation and dilution lower N
and P, and increase N:P. For comparison to real data, see Figures 1.11 and §.4.
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Gaia — globalni ekosystém = homeostaze oceani
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Arrigo K.R.: Marine microorganisms and global nutrient cycles. Nature 437,
349-355, 2005.




