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SOIL AS A POROUS MEDIA,

REGULATING THE WATER CYCLE
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Distribucion del Carbono Crganico del Suelo a Nivel Mundial
En funcién de la Estructura de la Vegetacion y Biomas
Fuente: EsTERAN G. JOBRA’ G123 AND ROBERT B. JACKSON1 2 (20007
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Raices: Figura de Distribucion en Profundidad
(Por Biomas)
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Soil depth (m)

[ Median roct profile sampling depth
B Median rocting depth of deeply rooted (=1 m) plants
Fio. 3. Comparizon berween estimated yooting depths of global vegetation types and sampling depths uzed in quantitative
studies of vertical root distributions. Rooting depths were estimated by caleulating the median rooting dapth of deeply rocted
(=1 m} plant species in that vegetation type from data contained m the databaze of Canadsll et al. (1996) and Schenk and
Jackson (2002). Median sampling depths were caleulated from data in the glebal root profiles from thiz paper.



La necesidad de ampliar el concepto de:
¢.que entendemos como suelo?

Raices del Suelo: Profundidad Maxima por
Biomas
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True Proposals to a change of
Paradigm in Pedology
Earth Surface Tricart y Cailleux (1965)

s | [ (geography)
cam | R 7y L Sanchez, 1994 (agronomy)
AN Yaalon 1995 (pedology)
e ST Paton, et al 1995 (megapedology)
aoromns IS Ibanez et al. 1994, 2001
s (geoderma) Huggett 1995
(pedogeomorphology)
Phillips (pedogeomorphology)
Ollier y Pain (1996) (pedology and
applied quaternary research)
Richter y Markewitz (1996) (Soil
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Descripcion y Taxonomia de la
Geoderma

Saprolite-Regolith Taxonomy—
An Approximation

8. W, Buol
North Caraling State University
Rleigh, North Carolina
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Geoderma vy la Biologia del

How Deep Is Soil?

Sotl, the zone of the earth’s crust that is biologically active, is
much deeper than bas been thought by many ecologists

Damiel D. Richter and Damicl Markewitz
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Onee soils were
considered only as
deep as a plow could
cultivare, but analysis
of biogenic processes
illustrates that many
soils are tens of
meters deep

w0 naday's soils (Algen et al. 1995,
Retallack 1991}, During the Deva
mian, the early forest ecosystems
became somplex, concaining largs,
seed-bearing trees that were deeply
rodted, As ecosystems affected and
were affected by an increasing depth

volume of soil, tespiration from
ronts and microbes increased the
concentration of carbon dioxide in
suil atmospheres, weathering under-
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Suelos y Ecologia: Redes
Biolc’)gicas (Cadenas Troficas)

ENERGIA PROCEDENTE DEL MA

FLUJO DE NUTRIENTES CLASICO

Siempre se habia considerado que @l flujo de nutrientes en los
ecosistemas fluviales se desplazaba s6lo en un sentido (flechas
naranjs). desde el bosque hacia los amoyos y rios, ¥ después hacia
el mar Ahr.Ha 58 sabe gue en sistemas en los que medran 0s0s Y
se desp también en al sentido opues-

Fishes and the Forest

to (fechas gnsesﬂ

FLUJO DE NUTRIENTES
CON 0SOS Y SALMONES

ANIMALES que se apravechan
de la carfofin do los salmones

desechados (de irquierds
derechal; dquilas calvas
rojos y escarabajos carroferos

INVESTIGACION Y CIENCIA, octubre, 2006
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Expanding perspectives on fish—wildlife interactions

Mary F. Willson, Scott M. Gende, and Brian H. Marston

very year, millions upon mil-

lions of anadromous fish come

from the oceans to spawn in
freshwater streams. In Sourtheast
Alaska alone, these fish spiwn in
over 5000 streams (Halupka et al, in
press). The hest-known anadromous
fishes on the Pacific coast are the
seven species of Pacific salmon of the
genus Oncorbynchus {including
steelhead, Oncorbynchus mykiss,
and sea-run cutthroat trout, Oncor-
bynehus clarki). Other, less-publi-
cized and less well studied anadro-
mous species include the chars
(Salvelinus spp.) and smelt, such as
the eulachon (Thaleickthys pacifi-
cus). In addition to anadromous spe-
cies, several species of fully marine
“forage fishes” useinter- and subridal
zones. For example, along the north
Pacific coast, Pacific herring ( Cliepea
harengus pallasi) spawn on rocky
coastlines, and Pacific sand lance
(Ammodytes bexapterus) can be
found buried in soft sands, often
near the mouths of streams.

‘These teeming hordes of fish fall
prey not only to marine hunters,
such as other fish, whales, and sea
lions, but also to numerous terres-
trial predators and scavengers. His-
torically, the predators were seen as
competing with human harvesters of
fish, and predator-control programs
aimed at reducing the number of

Mary F. Willson {e-mail:willsonm@ptialaska.
netl, Seott M, Gende (sgende@ptialaska.
net), and Brian H. Marston are ecologists
ar the Forestry Sciences Laboraory, Ju-
neau, AK 99801. They study ecolopical
interactions intemperate rainforests. © 1998
American Institute of Biological Sciences.

June 1998

Anadromous and inshore-
spawning fishes constitute
such an important prey
base for terrestrial wildlife
that conventional
ecological dogmas need
to be revised

nonhuman consumers were a typical
management tool. For example, in
the first half of the twentieth century
a bounty was placed on the bald
eagles (Haliaeetus leucocephalus) in
Alaska. Although this predator con-
trol program program resulted inthe
killing of over 100,000 eagles, its
effect on fish populations was never
assessed (Willson and Halupka 1995).
Proposals for predator controlare
still occasionally popular, but the
view that predators simply reduce
the availability of fish for humans is
quite one-sided, and recent studies
show that it is far too limited. In-
stead, the developing picture is one
of critical and reciprocal interactions
between aquatic and terrestrial sys-
tems. Many wildlife species, both
aquatic and terrestrial, depend on
fish as a food resource; population
declines of many marine mammals
and seabirds have been linked to
shing populations of h:gh-
quality fish prey (e.g., Ainley er al.
1994, Merrick 1995) and o declines
inprey diversity (Merrick ctal. 1997).

In this article, we argue that
and i pawning
marine fish provide a rich, seasonal
food resource that directly affects
the biology of both aquatic and rer-
restrial consumers and indirectly af-
fects the entire food web that knits
the warer and land rogether. In addi-
tion, we suggest that the presence of
aseasonally abundant food resource
has helped to shape the evolution of
aquaticand terrestrial consumers and
that predators have probably exerted
reciprocal evolutionary pressures on
their prey, potentially influencing the
life history and morphology of these
fishes. Finally, we suggest that
d and insh pawning
fishes constitute such an important
prey base for terrestrial wildlife that
conventional ecological and manage-
ment dogmas need to be revised.
Interactions between anadromous
fishes and wildlife have been recog-
nized as having some general eco-
logical importance {e.g., Brown
1931}, bul only recently have the
of these
and their potential magnitude begun
to be explored. Because many of the
nuts and bolts of the ecological links
still need to be described and quan-
tified, we concentrate on sketching
an outline of the interactions, docu-
menting the effects where possible
but alsonoting effects thar seem prob-
able, subject to future rescarch.

The seasonal food resource

The potential number of fish return-
g to spawnmg areas along shore-
Im:s and in freshwarer streams is

455



Zona Critica Terrestre Suelos: Un
Nuevo Paradigma
278 ‘4 @

CRITICAL ZONE EXPLORATION
NETWORK

-r""

The ' .
L wialg ; ‘rontiers in Exploration
Critical Zone | wi S e
Ground surace—= ' _._'pﬁaﬂu '
ﬂ:\-:ﬂll' LS LA
&S Critical Zone

Pedasphere = %‘:’E"

EE.UU.. Pone Toda la
Carne en el asador

Ty e I Pores parilally
Hillzd with air
| Evaparation

| Hurnan Use RS
Pares filled i |
entirely with _ e
Zone waler Combinedsliace =
and gmunﬁwalcr

flow ta the oeean

Ocean

Funding
Sources

Fresh groundwater

Groundwater
Movemant




Critical Zone Questions
Atmosphere

I What processes control
fluxes of carbon, particu-
lates, and reactive gases?

B How do weathering
processes nourish
ecosystems?

Landforms <es sl Ecosystems

B How do variations in, and
peturbation to, chemical
and physical weathering
processes impact the
Critical Zone?

B How do biogeochemical
processes govern
long-term sustainability of

Water water and soil resources?




Estructuracion del Programa ECZ

Question 1: How are the rates of
physical and chemical weathering
perturbed by environmental
forcing?

Question 2: How do important
biogeochemical processes
occurring at Critical Zone interfaces
govern long-term sustainability of
soil and water resources?

Question 3: How do processes in
the Critical Zone nourish
ecosystems and how do they
respond to changes in external
forcing?

Question 4. What processes in the
Critical Zone control biosphere-
atmosphere exchanges of
atmospherically important gases
and particulates?

Each question have several items
and

A Research Agenda

Question one items
What controls the thickness of the Critical Zone?

What controls the vertical structure and
heterogeneity of the Critical Zone?

What controls the rate of chemical and physical
weathering?

How is weathering linked to hydrology in the
Critical Zone?

How is weathering linked to biology in the
Critical Zone?

What weathering thresholds Eroduce irreversible
changes in the Critical Zone:

Research Agenda

(1) develop tools to access and characterize the CZ from
the surface down into bedrock

(2) apply geophysical methods to profile regolith depths,
densities and structures;

(3) characterize hydrologic flow paths, fluid potentials,
and hydraulic conductivities

(4) measure exposure ages and the rates of chemical and
physical processes

(5) develop tools to study biophysical and biochemical
processes in the CZ and particularly in bedrock

(6) develop isotopic techniques to trace nutrient
cycling and to distinguish between lithogenic
versus biogenic sources.



Estructuracion del Programa ECZ

 Algunos comentarios ala Primera Pregunta:

* Shallow soils and soil structures have been extensively characterized and
classified by soil scientists. In contrast, the structure of deep soil horizons
down to unweathered bedrock is generally poorly documented. Can we
develop a unified approach to characterize the environmental conditions and
mechanisms that produce differences in soil types and individual horizons
over the full weathering or soil profile?

* Time and climate sequence studies demonstrate that the CZ commonly
exhibits trends in composition and structure that evolve non-linearly,
suggesting that irreversible processes occur that limit responses to
environmental variability.

Puntualizaciones Personales

Datos, modelos y disefios de instrumentacion seran de acceso para todos
los grupos participantes en el Programa



(Given our growing ability to forecast weather and
climate, how is it that we lack the ability to earthcast
the associated changes in the “Critical Zone™?

In a nutshell, we cannot achieve this because the
slow mixing rates of the surface earth allow extreme
heterogeneities to develop and persist in physical
fluxes, chemistry, and biology over space and time.
\We are not yet successful in characterizing or
modeling this heterogeneity in the rock + regolith +
sediment + water + air + biota system. We are more
successful in modeling the homogeneous fluids of
the atmosphere or ocean and earthcasts should be
similarly possible. (Hooper, Brantley, and Paola, in
review, EOS 2006)

Humans are transforming the surface of the

Green =
primary
vegetation,
yellow =
crops, blue
= pasture)

LS. land use and
total carbon 1700-
1980, kgim2
{Sammisnto+Gruber,
2002)

lithosphere
Land use change from 1700 to 71990

1990
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Frontiers in Exploration of the Critical Zone

An NSF-Sponsored Workshop
University of Delaware
Newark, Delaware

7! . : - Monday October 24 - Wednesday October 26, 2005
) Workskep Orpanizise Commmicres
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\ Dam Richter, Druks Univarsity

Art White, USES, Meanlo Park
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Figure 4. Top: Map showing the distribution of agriculture (green) and urban lands (blue) in the USA, and the

distribution of soil types (series) that havelost 50% or more of their original area to combined human uses. Bot- . e
tom: Map showing the geographical distribution of endangered soil fypes (series) in the USA. Endangered soils IH-.EK geo |ﬂlg-IC [ata [ F¥S E
are those that naturally have a distribution of 10,000 ha or lesswhich have lost 530% or more of their area to com- : b

bined human disturbances. Figure after AMUNDSONETAL. (2003). Reproduced with permission from Elsevier. J L
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Figure 7. Estimate of the total amount of earth moved annually by humans as a function of 112
time. Curves (from HOOKE, 2000) were calculated from earth movement per capita multiplied 1EM E
by population. Humans now move about 10 times more sediment as all natural processes pe— i e
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® Cosmogenic isotopes allow dating of exposure surfaces

* New isotopes and other tracers can document biological cycling, age of comminution, rates equilibrium
» Environmental imaging tools for soil observatories

* New molecular biological techniques

* New nanoscale spectroscopies probe chemistry of mineral-soil-water-biota interface

» Environmental sensors for investigating field sites

 3-D reactive transport and hydrologic models
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Andersan &1 al., 2004
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The Critical Zone = the zone extending |
from the outer vegetation envelope to
the lower limit of groundwater

Escalas Espaciales

lon Association
~g—P Multivalent lon Hydrolysis
Gas-Water
lon Exchange
———
Escalas Temporales s B Sorption .
Mineral Solution
R B
Mineral Crystallization
us H min h d mo yr mil

Time Scale

Figure 3. Like spatial scales, the timescales of water-rock interaction
span over many orders of magnitude. To understand the Critical Zone
will require multi-disciplinary scienfists working over this vast scale
of time. Figure from AMACHER (1991). Reproduced with permission
from Elsevier:



e The surface of the Earth is rapidly changing, largely in
response to anthropogenic perturbation. How will such
change unfold, and how will it affect humankind? The
Critical Zone is defined as the external terrestrial layer
extending from the outer limits of vegetation down to and
Including the zone of groundwater. This zone sustains
most terrestrial life on the planet.

e Despite its importance for life, scientific approaches and
funding paradigms have not promoted and emphasized
Integrated research agendas to investigate the coupling
between physical, biological, geological, and chemical
processes in the Critical Zone.



Zona Critica Terrestre Suelos =

Suelo y Sus Factores Formadores + Investigacion transdisciplinar

Critical Zone Exploration Network Escalas: espacio y Tiempo

Why non-integrative approaches
have failed

 This is not a hydrologic problem
 This is not a solid earth problem
 This is not a biological problem
 This a problem that couples
hydrology, geology,
Disturbance ' geomorphology, biology, soil
science, geochemistry....

» Intergraded Processes Controlling Elemental Cyeling
The human resources challenge: critical zone within the Critical Zone

" science crosses disciplines and scales
1S &

Biology

Anderson et al., 2004; Chorover, J. {unpub.)



Suelos de Zonas Humedas

hose areas that are inundated or saturated by
surface or ground water at a frequency and
duration sufficient to support, and that under
normal circumstances do support, a
prevalence of vegetation typically adapted for
life in saturated soil conditions.

Wetlands generally include swamps, marshes,
bogs, and similar areas.



Hidroedafologia: Suelos Hidricos

Hydric soils can be either organic or mineral soils.

Organic hydric soils are commonly referred to as peat or muck. Organic soils
formed in waterlogged situations, where decomposition is inhibited and plant
debris slowly accumulates, are called Histosols. All histosols are hydric soils
except Folists.

Mineral hydric soils are those soils periodically saturated for sufficient duration
to produce chemical and physical soil properties associated with a reducing or
anaerobic environment. Under conditions of a fluctuating water table, mineral
soils may exhibit a variety of contrasting colors within the soil profile.

Mineral hydric soils are usually gray and/or mottled immediately below the
surface horizon, or have thick, dark-colored surface layers overlaying gray or
mottled subsurface horizons. The Munsell Soil Color Charts contain pages,
called gley pages, with color chips for the gray, blue, and green colors often
found in mineral hydric soils.
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Clasificacion de los Suelos de las

Zonas Intermareales y Estuarios
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Greater Berlin: Integrated waters model
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Los Suelos En el Atlas del
Medioambiente de Berlin
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ECZ Busca Partners en Diferentes
Zonas del Mundo que cubran una
malla predeterminada para formar
una “Red”

La Malla estd compuesta por un Red
de Estaciones para proyectos de
corta Duracion que abordaran
aspectos especificos (financiacion de
5 anos prorrogable)

En los Nodos Principales Se
estableceran Estaciones de Mayor
Envergadura que aborden las cuatro
cuestiones planteadas por la Iniciativa
con financiaciones a largo plazo

Varios paises se han adherido
(algunos europeos ya se han)

adherido: Taiwan, India Hungary, Poland,
Czech Republic, France (2 sites), Norway,
Sweden, England, Guadeloupe, |celand

.Y Espafa?, ¢Y la UE que dice?

CRITICAL ZONE EXPLORATION

NETIWORK

Table 2. Attributes to be Considered in Site Selection for CZEN

Logistical considerations

Isolation of variables
QOutreach potential

Chemical, mineralogical, and physical properties

Slope, aspect, uplift and erosion rates

Temperature, precipitation, seasonality

Drainage characteristics, saturated versus unsaturated
Abundance, diversity, and distribution of biota

Exposure age, rock age, time evolution

Ease of accessibility, availability of prior data

Pristine or disturbed characteristics, suitability for upscaling,
suitability for lab-scale modeling/experimentation

Site allows observational testing of one isolated variable
Opportunities to encourage education

station}

‘Time domain refiscrometry

Biniogical measurements Eiecrochemical analyzers for waser




SECSyel GT de la Zona
Vadosa con Apoyo de:

Un OPI de Implantacion
Nacional y:

Apoyo Institucional &
economico del MEC ¢y
del MIMAN?

Posibles OPIs: CIEMAT,
IGME y CSIC

*" CRITICAL ZONE EXPLORATION W™

NETWORK




Common LIST OF

POTENTIALLY
POLLUTING
ACTIVITIES in
Directive

[ Member States establish an INVENTORY of contaminated sites }

' MECHANISM FOR
[Soil Status Report ] « ORPHAN SITES »

! !

[Member States adopt a NATIONAL REMEDIATION STRATEGY }

|

[ REPORT to Commission ]

Common
DEFINITION in
Directive




From the Local to the Global Scale
ESDAC as part of a nested system of soil data

centres
Data centers prowdmg policy relevant soil information for different scales

World Data Centre for Soil

1:5,000,000 (WDC Soil)
Operated by ISRIC on behalf of ICSU

European Soil Data Centre

1:1,000,000 (ESDAC)
Operated by JRC

National Soil Data Centre
to be defined

Member States

1

R +<——— Regional Soil Data Centre
to be defined

Regions
Soil
communes Monitoring
Sites
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Figure 3. Geochemical cycling of elements during weathering can be monitored
i‘hraugh sa!’mg and water budgets measured at the watershed scaie for
at the profile scale (Figure 1) [National
Fottrens Cornets Commitioe o Baste Fesomeh Opportunities in the Earih
Sciences, 2001].

Critical Zone Exploration Network

Topography

Disturbance

Figure 4. Each Critical Zone Observatory (CZ0) will establish the baselme for a
marrix of additional relared savellite sites rhat ivestigate paramerers that vary
from those of the CZO. For example, a full ser of sites might define a

= tme), a It 2V, @
biosequence (variable = biology), eic.




 to include the “heterogeneous, near surface
environment in which complex interactions
Involving rock, soll, water, air, and living
organisms regulate the natural habitat and
determine the availabllity of life-sustaining
resources.”

e The critical zone includes the land surface,
vegetation, and water bodies, and extends
through the pedosphere, unsaturated vadose
zone, and saturated groundwater zone. The
critical zone Is the most heterogeneous portion
of the Earth.



European Soil i i i
Database:
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http://eusoils.jrc.it



How do the physical, chemical, and biological compo-
nents of Earth’s weathering engine fransform mineral
and organic matter to nourish and sustain ecosystems,
regulate the migration and fate of toxics, sculpt terves-
hial landscapes, and confrol the exchange of green-
house gases and dust with the global atmosphere!



Soil Survey Databases

Profile Description Soil Characterizations

0 D o AR o

4.5

(Courtesy of thé us

DA-NRCS)

Pedotransfer

*Classification
*Morphology
+Particle size
*Bulk density
*Organic carbon

.---

Functions

Soil Hydraulic Properties

Flow Pattern

Hydraulic Parameters

Infiltration rate
*Kia

*K(y)

*6(v)

Lo




Sistema de Informacién de Suelos de la UE

EUROPEAN COMMISSION
DBRECTCRATE -GENERAL

Tlhat ic RIS 9 PP

s What is ?’tIEI SIS 7 ?'»Iultl-_stale
European Soil Information Svstem

Navigate in the prototype Alpine Reference Grid:

a large trans-boundary area by zooming in from

upper scales towards more detailed data.

Alpine Area (5 Countries): 11 x 7 = 77 cells Cell Size

Area: 770,000 Km?2

N ————————

- J0

int Eesearch @ntre

——] :_r-*:-r—m., = Regional ltalian Alpine Area
¥ g_-' .1 m.. Alpine: 7,700 cells of 10km xX 10km

pcal Scale

Towards a MEUSIS: a participatory approach

Multistale Euranean Sail Infarmatiasn Svetem Faonm s HikA [ il



Data requirements

|

Data collection/
updating

|

Starting from 2007 (FP7):
ESDAC- European Soil Data Centre

DG ENV, MS

l

European Soll
Bureau Network

Natiqnal _Soil Data Qenters

Regional Soil Data
Centers

Data management/
harmonization

|

Data dissemination

N

JRC l

Qa and Qc

European Soll
Information System

IR

v
JRC added value products

e.g. Multiscale European Soil Information System
A !
e

IR

Access over eu-geoportal:

http://eusoils.jrc.it




Arquitectura de la Web y de La Naturaleza

Curvas de Willis, Leyes de Escala, Pequefios Mundos, Fractales,
Diversidad, Conectividad, Redes y Jerarquias

N . weblogs un universo invisible bajo
U mo nuestros pies

i ecosistemas

WIVETE B BCDN S ¥ M Ty

Asmenfo de la fraccion I de especies eliminadas

o .

Hirgrn 4 Histigarans e b scoaxion Solalan (il [=em
u [rem) s b oape [ de tricfica aral)
Estumrn da ¥ B d T de L

~ on b Egza, debidi
a o [otsitlemeniz o b baje smchizion lnmdrics e algimnos de sm sodos
P, s grgees de specin qua conparten [roes v depedador
de riviracn caaded baton nenbizraack |
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igreficaliva
Figura 6: Fragmentacion de una red (con topelogia de mundo-pequeiic v

distribueidn potencial de las conexiones) en subredes al ir aumentando la

fraccion de especies f eliminadas por (A) vn ataque selectivo dirigido a las

especies mds conectadas v (B) mediante un ataque no selectivo eliminando

espectes al azar. El radic de los circulos refleja el nimere de especies

contenidas en cada subred. El circulo azul hace referencia al grupo de

especies mds numeroso con viabilidad ecclégica (en la cadena trofica hay al

menos una especie basal). La eliminacion de especies al azar permute a la red

mantenerse conectada (los circulos peguefios son las especies que hemos

eliminado v alguna otra especie que se coextingue) (B), mienfras que para

una fraccion muy pegueia de elimmacion de especies muy conectadas, el

ecosistema se fragmenta en varias subredes desconectadas entre si (A). El

riesgo de extineion de ofras especies awmenta cuanto mas fragmentada se

encuentre la red (ver texto).




