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Understanding the coupling of life and environment
through the water cycle d classic question in biology




Relying on the biology to highlight mechanisms

Agular & Sala 1999



Relying on the biology to highlight mechanisms
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Current non -stationarity demands mechanistic
understandings for earth system questions 6 how biology
works in the real world



The state of the science - ecohydrology

Do plants need space to
grow?

We know what we knegcept ( and I
when we donot !



Effects of warming on plant distributions with elevation

top ten species coverage
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Change in elevation (~65m) is equivalent
to the lapse -rate for temperature
along the gradient up the mountain
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Opposite pattern occurs 250 miles north where water
balance over - rides temperature shifts
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mean more water
traveling to the

recent vegetation
river

transitions?
Tree loss should

hydrological
consequences of

Breshears et al. 2005

PNAS




Reductions In tree cover are related to
reductions in yield o how?

ol v m—

X %ﬂrizond
N. Mexico

e

DO
& 1.01

(6)

PL
095 »

(3)

L.
2
S
o
@
L
2
£
@
W
©
@
[
o
@
Qo
R

10 15 20
% Dead Vegetation




o > N] /
CLIMATE REGIONAL

» Temperature SCALE
* Wind

* Precipitation NITROGEN
~Seasonality

- exiremes DEPOSITION

v

| SoILS& "‘LAND

| TOPOGRAPHY | | USE

v v |f

AVAILABLE H,0, EXOTIC SPECIES
- NUTRIENTS. & « Herbaceous
TEMPERATURE STRESS

! ' bl
VEGETATION STRUCTURE & FUNCTION
- ANPP

* Nutrient Pools & Fluxes
SIGNIFICANT « Species Composition

COVER

Upland - Riparian Linkages
CHANGE P - S

US Climate Assessment




Hydrologic perspective
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Contrasting frameworks
chall enge 0¢cC«
exercises, especially in
episodic systems

Hydrological emphasis on
fluxes

Biogeochemical emphasis
on reaction potential and
elemental retention

Ecological

Emphasis on densities,
abundances and
connections

Lohse et al., (2008) AREE
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E & T partitioning provides a mechanistic
understanding of how vegetation
transitions influence water exchanges

E & T partitioning may be the way to
understand ecosystem degradation in the
context of hydrology
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A focus on water balance and response to water availability

Atmospheric composition and
climate change
[CO,]
Temperature
Precipitation
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What type of biology is relevant for what scale?

A - Physicochemical and B - Life history and

diffusive couplings morphological couplings

Physiological

mtegranon

Biogeochemical \ Community
feedbacks & energy assembly &

balance process scaling

C - Plant functional type and density

/ biomass relationships

The three problems of biology:
Adomeostatis 30 Accl i mati ono
Mensity dependence 30 Assemb !l y o6
A ife -environment interactions 80 Adapt at i on



Conceptual approaches / challenges

Physicochemical Systems
Ecology

Bi ol ogi cal n i
Dominated
Systems

Statistical approaches to
understanding

Mechanistic process
models as tools for
understanding




Manaus carbon fluxes

We use our understanding of an
ecological principle to coordinate
disparate data sets (e.g.,
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tivity (NPP) and belowground heterotrophic respiration (r,)
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across gap ages that underlie the age distribution of NEP
(NEP = NPP — r,). Despite the rapid recovery of NPP, re-
cently disturbed gaps are in negative carbon balance because
the aboveground material accumulated prior to disturbance
is now decomposing, and as a result belowground respiration
exceeds NPP. Older gaps are in positive carbon balance be-
cause belowground respiration declines beneath NPP as gaps
age.

We understand the governing
principles of exchanges and
transformations, and we
understand the ecological
dynamics that govern the
exchange surfaces (except where
we dondt)




Understanding dynamic ecohydrology

A Predictable perturbation relating to
equilibrium biology (may or may not be
operating over large scales )
d Species range limits
0 Functional responses and environmental feedbacks

A Problems of biology as they often relate to
time: (1) homeostasis, (2) density -dependence,
(3) life -environment couplings

d Thresholds, non -linearities and emergent
properties



Property

Principles for coupling

Ecological Example

Hydrological Example

Self-organization

Threshold

Adaptation
Non-linearity

Irreversible
Scale-free behavior

Scale-dependent behavior

Legacy

Hysteresis

Feedbacks

Microclimate effects; Ecosystem
engineering
Soil development; vegetation

patterns
Xylem embolism; leaf out; leaf fall;

birth/death

Spectes shifts; phenotypic plasticity
Temperature response curves
Growth curves

Extinction

Patch distributions

Patch boundaries

Boundary layer conductance
Organismal regulation

Reproductive effort;
Nutrient/resource patches

Soil Respiration; Delays in delivery
of photosynthetic products to the

roots due to phloem transport time
Growth

Drainage network; Flow path
development

Flooding; Throughfall;
Snowmelt; Saturated flow
Erosion, deposition
Soil-water retention curves;
runoff generation; preferential
tlow; plant uptake of soil

moisture
Erosion; weathering;
Stream networks

Dispersion

Antecedent soil-moisture
conditions; geomorphology
Soil-water retention

Erosion

Jenerette et al., in review




Are we focused on enhanced measurement
or developing an understanding of coupling?
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Turnipseed et al., (2010) Ecological Applications



