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The teaming up of hydrology 
and ecology offers one source of hope 
that the world's water crisis might be 
kept under control. But how can 
hydrology, a technology-oriented field, 
be integrated with ecology, 
which prioritizes living organisms? 

The current geological epoch has been 
dubbed the "Anthropocene," because nowa 
days it is man that will probably be most re 
sponsible for shaping natural processes that 
transpire on a global scale. Without a doubt, 
our understanding of the interactions 
between abiotic and biotic processes is beco 
ming crucial for curbing this human impact. 
This pertains in particular to the most dyna 
mic abiotic factor of all: water. 

Until the EU Water Framework Directive 
began to be implemented, water manage 
ment was oriented towards eliminating the 
threat of floods, droughts, or so-called point 
sources of pollution, and this was tied to 
classical hydrology. Nowadays the docu 
ments of such UN bodies as UNESCO and 
UNEP, as well as of the EU, have recognized 
that water quality is a crucial factor for 
meeting mankind's needs and for achieving 
sustainable development, and that it 
depends on the condition of the ecosystem. 

Live fast, die small 
The first visible effect of a water shortage 

on the landscape and decline of quality is the 
disappearance of species of high biomass 
which have a long and complicated life-cycle. 
Large mammals, birds, and fish such as the 
salmon and sturgeon come under threat. 
These species are usually supplanted by ani- 

mals that can proliferate rapidly under favo 
rable conditions, such as insects and small 
rodents. Among plants, a reduction in the di 
versity of species, such as for cultivated 
crops, makes them significantly less effec 
tive in absorbing biogenie substances (phos 
phorous and nitrogen) and pollutants, and 
thus they less effectively prevent the outflow 
of such substances to water ecosystems. 

Rich botanical diversity, in turn, serves to 
curb concentrations of phosphorous and ni 
trogen in ground waters, and as a conse 
quence prevent the overfertilization of in 
land waters. When vascular plants (such as 
reeds) which form habitats for various sets 
of organisms (such as filtering zooplankton), 
disappear, algae begin to overproliferate in 
the water. Such toxic algae blooms pose 
a serious threat to human health and life. 

In the early 1990s, awareness of the ongo 
ing degradation of water resources in the 
world led to an international conference held 
in Dublin, Ireland in 1992, and the UNESCO 
International Hydrological Program (IHP). 
The teaming up of hydrology and ecology 
holds vast potential for improving world 
water resources. But how can highly mathe 
matized hydrology, which deals with macro 
-scale problems, be integrated with ecology, 
which prioritizes living organisms? 

Roots of ecohydrology 
The key here should lie in identifying the 

fundamental principles of this new field of 

Toxic "water blooms" 
pose a serious threat 
to the environment 
and to human health 
Oncluding chromosomal 
abnormalities) - 
particularly when they 
appear in drinking 
water reservoirs 
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science. The concept of "AB Regulatory Con 
tinuum," originally published by the present 
author and Robert J. aiman in a FAO docu 
ment in 1985, was set as the point of depar 
ture for the new hypotheses. Ideas for how 
ecohydrology should function also origi 
nated from research at the Sulejowski Re 
servoir in Poland in the 1980s. Such studies 
showed that hydrology could be harnessed 
to precisely regulate the structures of a bio 
logical ecosystem in order to improve water 
quality. o less important was research on 
the role of littoral vegetation in improving 
water quality and on shaping artificial "con 
structed wetlands." The results of these and 
many other studies led to the formulation of 
the fundamental principles of ecohydrology, 
as follows: hydrological processes can be uti 
lized for regulating biological processes, 
while techniques for modifying biological 
processes can be applied to the regulation of 
hydrological processes, especially as con 
cerns water quality. These two types of 
regulation should be harmonized with the 
existing hydrotechnical infrastructure. 

From hypotheses to practice 
Since abiotic factors are predominant 

over biological ones, the water circulation 
cycle should serve as the point of departure 
for solving existing problems. The afore 
mentioned Sulejowski Reservoir research 
has indicated that biological processes can 

indeed be regulated using hydrology, there 
by reducing the negative impact of human 
activity. It suffices, for example, to regulate 
the water level in order to control the proli 
feration of fish that feed on plankton. Main 
taining their numbers on a low level enables 
crustacean plankton to intensively filter 
algae, thus preventing them from blooming 
(cf. biological methods for preventing algae 
"blooms" on p. 37). This mechanism is so ro 
bust that it even functions effectively after 
20 years, despite the accumulation of pollu 
tants carried in by the river. These facts give 
rise to the next tenet: On the river-basin 
scale, the collaborative goal of hydrology 
and ecology is to increase ecosystem 
resistance to human activity. 

While this method treats the symptoms of 
eutrophication, another method can be used 
to counteract its causes: encouraging the 
growth of vegetation in the river's flood zone 
so as to catch and retain sentiments and 
phosphorous compounds there. Such a solu 
tion is now being implemented along a seg 
ment of the Pilica River above the Sulejow 
ski Reservoir, where the amount of 
phosphorus was reduced by some 150 kilo 
grams/year using an area of 24 grass-covered 
hectares. However, when selected species of 
willow trees are introduced to frequently 
flooded areas, the amount of retained phos 
phorous can be increased to over 350 kilo 
grams. ote that each kilogram of phospho- 

The main goal 
of ecohydrology 
is to increase 
the ecosystem's 
resistance to human 
activity. Researchers 
believe that a properly 
managed environment 
can cope with this task 
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A new environmental discipline

The Pilica River
is an example

of the success ful
application

of biological
control to improve

water quality.
Carefully selected

varieties of willows
were planted next to

an ineffective sewage
treatment plant

rous leads to the appearance of some two 
tons of algae in the reservoir. Draining sys 
tems constitute an element of controlling hy 
drological and biological processes which 
require intensive research. If all of these 
solutions are organized into systems on 
a river-basin scale, their effects will be in 
comparably greater. 

It is very important for the systems to be 
adapted to the socioeconomic conditions 
present in the region. One example in the 
Pilica River valley can be found at Przedbórz 
- a town of 8,000 inhabitants in which an 
ineffective sewage treatment system has be 
en combined with a filtering system set up 
using ... willow trees. Plants with varying to 
lerances for high groundwater levels catch 
and retain excessive phosphorous, which 
comes from incompletely treated sewage 
and overfertilizes the Pilica. Phosphorous 
becomes tied up in the tissues of the plants, 
forming biomass, which can later be burnt 
in order to heat public buildings. Biomass 
and the energy gained from it can also be 
utilized in technologies for transfering waste 
plastics into analogs of petroleum. In this 
way, not only is the condition of the environ 
ment improved (generating conditions for de 
veloping recreation), but through integration 

Willows were planted
according to their
tolerance for high
groundwater levels
Pełł). This biological
filtering system traps
excessive phosphorus
and converts
it into biomass

with socioeconomic processes and waste ma 
nagement, new jobs can be created. 

Worldwide ecohydrology
Systemic solutions stemming from the 

concepts of ecohydrology are not just a sub 
ject of scientific publications nowadays; in 
many countries they are in an advanced 
state of development and implementation 
under the UNESCO International Hydrolo 
gical Program. Two such examples: 

In Hungary, owing to an addition to the 
waste treatment system in the basin of the 
Zala River, involving an arrangement of spe 
cially constructed reservoirs and intermit- 
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tently flooded areas covered in vegetation, 
the load of phosphorous discharged into 
Lake Balaton has been reduced by as much 
as 80%. This method has proven so effective, 
that toxic algae blooms have not occurred in 
the lake over the past three years. 

In Brazil, one of the dams on the Para 
na River is situated upriver from the Itaipu 
Reservoir and a natural, intermittently 
flooded river vaJley with rich biodiversity. 
Unfortunately, the dam's construction 
disrupted certain hydrological processes, 
upon which fish migration and spawning 
ground access hinge. The failure of fishing 
along a more than 100 km segment of the ri 
ver led to the cutting and burning of forests 
in the valley, changing them into pastures 
and fields. This process not only failed to 
supply the needs of local population, it also 
contributed to the appearance of toxic algae 
blooms in the Itaipu Reservoir. 

In order to reverse this progressive envi 
ronmental degradation, a mathematical 
model is being developed under the U E 
SCO IHP to optimize the water level mana 
gement at the reservoir, enabling fish to 
access habitats during the migratory and 
reproductive period, while at the same time 
reducing the losses of energy generated by 
the dam. Furthermore, reservations that 
have been set up aid in boosting tourism 
and provide an additional source of income, 
increasing the economic awareness of the 
local population. 

Since we live in this age called the An 
thropocene, we need to make a breakthro 
ugh in how mank.ind protects the environ 
ment. The conscious harnessing, based on 
interdisciplinary knowledge, of an ecosys 
tem's own properties as tools for increasing 
the environmental "carrying capacity" is 
becoming a necessity. Only in the last deca 
de has ecology evolved to the point where it 
can be integrated with hydrology. Develo 
ping environmental protection systems that 
improve the state of natural resources while 
generating positive socioeconomic feedback 
is made possible by an integrative combina 
tion of earth sciences, biology, mathematical 
modeling, and socioeconomics. 

In view of the import of these issues and 
the urgent need for comprehensive research, 
the PAN International Center for Ecology 
will in the near future be transformed into 
the International Center for Ecohydrology, 
under the auspices of UNESCO. ■

Further reading:

www.unep.or.jp/ietc,tPublicatioruVFreshwater/FMS5/index.asp 
Zalewski M., Janauer G. S., Jolankai G. (eds.). ( 1997). 

Ecohydrology - A new Paradigm for the Sustainable 
Use of Aquatic Resources. International Hydrological 
Programme U ESCO. Technical Document on 
Hydrology o 7, Paris. 

Zalewski M., aiman R.J. ( 1985). The regulation of riverine 
fish communities by a continuum of abiotic-biotic 
factors. In: Alabaster J. S. (ed.) Habitat Modifications 
and Freshwater Fisheries, London, FAO U / 
Butterworths. 

RETENTION 
in the catchment

TRAPPING 
- in the plant biomass (seasonally removed) 
- storage in the unavailable pool
- in bottom sediments

SEDIMENTATION
- in the river valley
- in the beck waters 
- small retention

BIOFILTRATION 

TRANSFORMATION 
into biomass in land/water ecotones

DENITRIFICATION 
in anaerobic conditions of wetlands

SELF-PURIFICATION 
- mineralisation of organic matter
- reduction of spiralling transport rate

DISLOCATION 
due to cascading effect

RECIRCULATION 
- reduction of resuspension
- phosphatase - enzymatic release 
- zoopłankton excretion

An wmple
of synergistic
interactions between
different processes
to enhance a river
basin's capacity
for sett-purification
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