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1. UNESCO International Hydrologic Programme (IHP)
2. Man and Biosphere Programme (MAB)
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1. Guidelines for the Integrated Management of the Wa-
tershed - Phytotechnology and Ecohydrology: www.
unep.or.jp/ietc/Publications/Freshwater/FMSS5.

2. Integrated Watershed Management Ecohydrology &
Phytotechnology- Manual: w ww.unep.or.jp /ietc/publi-

cations/freshwater/watershed manual.
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1. Zalewski M. 2000. Ecohydrology - the scientific
background to use ecosystem properties as manage-
ment tools toward sustainability of water resources.
Guest Editorial in Ecological Engineering 16:1-8.
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1. Cohen M.C.L., Lara R.J. 2003. Temporal changes of
mangroves vegetation boundaries in Amazonia: appli-
cation of GIS and remote sensing techniques. Wetlands
Ecology and Management 11(4):223-231.

2. Cohen M., Lara R.J., Szlafsztein C.F., Dittmar T.
2004. Mangrove inundation and nutrient dynamics un-
der a GIS perspective. Wetlands Ecology and Manage-
ment 12:81-86.

ANNEX

Formulas
1. Calculation of porewater salinity (Ke %o)
K [%0] =K (V +V)lv
g g p s p
Legend:
K, [%o] - salinity of 1:5 extract
V, [mL] - volume of water in fresh sample
calculated out of %humidity and fresh weight of sample
V, [mL] - volume of water which is added to fresh sam-
ple

&Lho

3. Murphy J., Riley J.P. 1962. A modified single solution
method for the determination of phosphate in natural
waters. Analytica Chimica Acta 27:31-36.

4. Zalewski M. 2000. Ecohydrology-the scientific back-
ground to use ecosystem properties as management
tools toward sustainability of water resources. Guest
Editorial in Ecological Engineering 16:1-8.

K, [%o0] - calculated/true salinity of extract

2. Phosphorus accumulation coefficient (PAC).

P, in vegetation, PACV = PL/PS

PL =P in leaves or other vegetation parts

P S =P in sediments near the roots

P AC in sediment, P ACS = PS/PW

P S = P in sediments near roots and in vegetation free
areas (compare)

PW = P in water flooding the station or in nearby creek
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X, =(R,-R
Where:

R, - variable value

R, - minimum value

R - maximum value

Example: 1th row of AGR indicator (second column)
R, = 0,090

R . =0,012

m

R =0420

ma

Xi = (0,090 — 0,012) / (0,420 — 0,012) = 0.191

)/(R_-R

min max min)
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Where:
PHII - Potential Human Impact Index
w, - weight
x, - standardized variable value
Example: (first row in ejemplol.xls;Standardized Data
matrix)

(AGR + FAR + TOTPOP + RDENS + IND + NO-
NPA)/ 6 = PHI (SIM W) (0.191 + 0.631 +0.018 +

0.030 +0.00 +0.333) / 6 =0.201
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BOOK STRUCTURE

The chapters of this book present 21 experiments dealing with the major and more frequent causes of
degradation of aquatic ecosystems, as eutrophication, toxic algal blooms, chemical contamination,
removal of native vegetation and biodiversity loss, occurring at the entire river basin, from upstream
riverine systems until downstream estuarine and coastal ecosystems.

Each experiment is assigned to one of the three Ecohydrology principles: eg, to Principle | - chapter on the
“Effects of nutrient and light enrichment on phytoplankton growth”; to Principle Il — “May bivalves be used
to control toxic algae blooms?” and to Principle Il — “Regulation of biotic feedbacks by hydrology: top-
down effects”.

CATCHMENT

Chapters: 1,18,19

RIVERS &
RESERVOIRS

ESTUARIES
Chapters 4670121320

Figure 1- Chapters distribution according to different aquatic ecosystems: catchment, reservoirs, rivers
and estuaries.

Each chapter is organized in an introduction — explaining how the proposed experiment may contribute, in
practical terms, for solving the degradation of aquatic ecosystems, in the light of the EH approach; a
general description of the experiment — indicating the materials and equipments needed to develop the
experiment, in the field (sampling material), laboratory and data analysis required; an experimental design
section — providing a detailed description of the experiment and indicating and explaining all steps needed
for the development of the experiment; a data organization section —guiding in the organization of the data
in formats to be used in statistical analysis and graphical design; a data analysis section — guiding the
students in the analysis of the clues to find the most relevant outcomes from the experiment; and a
discussion section — formulating the questions for students to reply based on the analysis of the results
and in the light of the Ecohydrology approach.



INTRODUCTION

Aquatic ecosystems are under increasing pressure worldwide. Increasing urbanization, intensive
agriculture practices and industrialization are some of the factors contributing to water quality degradation
and biodiversity loss.

Cumulatively, climate changes are affecting hydrologic cycles and will pose in the near future more
problems to water quantity and quality, in different world regions.

Aquatic ecosystems are very dynamic and are changing fast. Alien species are spreading very fast and
threatening biodiversity. Rivers, estuaries and coastal areas are affected by reservoirs and dams.
Consistent trend of human migration toward coastal regions increase stress and degradation on estuaries
and coastal areas.

All the existing facts and the forecast scenarios call for integrated solutions for water quality and quantity
sustainability. Solutions must be based on a deep knowledge of ecosystem processes and functioning.
Ecohydrology is a scientific concept applied to environmental problem-solving. It quantifies and explains
the relationships between hydrological processes and biotic dynamics at a catchment scale. The concept,
developed by the UNESCO International Hydrologic Programme (IHP) and the Man and Biosphere
Programme (MAB), is based upon the assumption that sustainable development of water resources is
dependent on the ability to restore and maintain evolutionary established processes of water and nutrient
circulation and energy flows at the basin scale. Using ecosystem properties as a management tool
enhances carrying capacity of ecosystems against human impact. This approach is supported by a
profound knowledge of ecosystems functioning, as a basis for twinning the interplay between hydrologic
and ecological factors, in order to increase ecosystems robustness and resilience to anthropogenic
impacts.

The notion that water quality and biodiversity can be controlled by managing hydrologic parameters, as
residence times or freshwater discharge volumes, or biological parameters, as the presence of riparian
vegetation or filter feeders, an that integration with existing infrastructures can be made in a synergetic
way, are novel approaches to water sciences.

The Ecohydrology approach considers three principles that are expressed in sequential components:

1. Hydrological: The quantification of the hydrological cycle of a basin, should be a template for
functional integration of hydrological and biological processes.

2. Ecological: The integrated processes at river basin scale can be steered in such a way as to
enhance the basin’s carrying capacity and its ecosystem services.

3. Ecological engineering: The regulation of hydrological and ecological processes, based on an
integrative system approach, is thus a new tool for Integrated Water Basin Management and
Integrated Costal Management.

This book provides suggestions of practical experiments for addressing different water problems and
demonstrates that long-lasting Ecohydrology solutions - based on a deep understanding of the
contribution of hydrological and ecological variables to a healthy ecosystems functioning - can be
implemented successfully with low costs interventions, in different aquatic ecosystems.



PREFACE

Aquatic ecosystems are under increasing pressure due to human activities and changing natural
phenomena. Addressing water quality and quantity issues is a crucial matter for human existence and
biodiversity conservation. Water ecosystems are used as sources and sinks by a large number of similar
activities occurring worldwide. Thus, similar water problems and degradation can be related to similar
causes, having similar consequences in different world aquatic ecosystems.

Ecohydrology provides the tools to deal with aquatic ecosystems degradation. Ecohydrology is based on
a holistic approach to aquatic ecosystems that integrates hydrology and biology for finding the most
adequate solutions for the benefit of society and ecosystems. Ecohydrology is a recent science and its
application worldwide is growing particularly since “Ecohydrology for Sustainability” was established as
one of the five pillars of the 7th Phase of the International Hydrologic Program of UNESCO.

Aiming to contribute to the dissemination of the Ecohydrology concept in different types of aquatic
ecosystems, this book proposes a series of practical experiments, mostly requiring non-sophisticated
laboratory equipment and conditions. The experiments proposed will provide to the water science
students a practical knowledge of the methods to identify, analyse and design solutions to water and
biodiversity degradation. The student will be guided to analyse and discuss the results of the experiment
and draw her/his own conclusions. For further discussion, questions or suggestions readers may use the
book webpage www.icce.com.pt/ehstudents.guide

We are most grateful to the many colleagues that, from around the world, contributed with their
knowledge and experience to make this book possible.

Special acknowledgment is due to Dr. Philippe Pypaert, from UNESCO-BRESCE, who enthusiastically
supported the development and dissemination of the Ecohydrology concept since its beginning.

By doing this book we hope to contribute to the creation of a broad vision of the processes occurring at
the river basin including coastal regions, mastering the linkage between systems and comprising all the
aspects of the water cycle that will allow students and water professionals to develop the integrated
ecohydrology based solutions to restore, sustain and improve water quality and biodiversity in OUR
aquatic ecosystems.

The Editors



PREFACE

Ecohydrology as an interdisciplinary science emphasizes the interaction between ecosystems and hy-
drological processes. One of the most important aims of this field in dry ecosystems and watersheds is
to provide new theoretical frameworks and practical approaches to understand the complex interactions
and feedbacks between vegetation and hydrological flow at different scales from a single species to
different vegetation types and different landscapes. Ecohydrology is an approach to understanding how
hydrological and ecological processes relate to each other and subsequently how ecological compo-
nents of the ecosystem affect hydrological processes and their trends.

Ecohydrology studies typically focus on understanding the relationship, interaction and feedbacks be-
tween hydrological flows and ecosystem processes and how they emerge. In dry ecosystems (such as
savanna, forests, and rangelands) is emphasized on the interactions between vegetation, land surface,
ventilation area, and groundwater. Whereas in water ecosystems (such as rivers, lakes and wetlands),
ecohydrology study highlights the chemical properties of water, geomorphology and hydrology. As the
plant is a key component in the hydrology cycle, therefore, the investigation of the relationship between
water and plant is the main focus of this science. On the other hand, we know that plants need water for
their survival, so the distribution, composition, and structure of plant communities are directly affected by
spatial patterns of access to water.

In order to sustainable water management and solving the multidimensional issues around it, the solu-
tion cannot be limited to one scientific method. Therefore, the development of ecohydrology science is a
new approach in environmental science that promotes the integration of hydrology and ecology for the
sustainable management of water resources. The development of the ecohydrology concept reflects the
urgent need to develop and implement new and cost-effective methods to improve water sustainability in
the face of increasing pressure on freshwater resources. In general, ecohydrology should provide appro-
priate ways to obtain positive feedbacks between the environment, water resources and society. A key
element of this science is the use of a «low-cost and high-tech» solution to improve the carrying capacity
of ecosystems against human stresses to implement technical solutions in order to achieve sustainable
watershed management of the river.

The translators of this book have tried to provide comprehensive and practical information on ecohy-
drology to audiences including undergraduate, postgraduate, and doctoral students, faculty members of
universities, institutes and research centers, experts and specialists who work in executive and manage-
ment institutions and organizations of the Ministry of Energy, Ministry of Agriculture, Ministry of Interior,
Meteorological Organization, Department of Environment and other relevant government agencies and
consulting engineers companies.

Ali Arvahi

National Project Manager at Conservation of Iranian Wetlands Project
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