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EDITOR’S NOTE 

I am pleased to report that as a result of my last letter to all Working Group members I 
received several items for inclusion in this newsletter. Yet with the size of our membership 
list (>200) I am sure there is a lot more going on out there that we don’t know about. I would 
like to remind you of a paragraph in the letter I sent you at the turn of the year:  
 
I am acutely aware that contributing to newsletters can become a bit of a chore. On the other 
hand, by dipping into the occasional newsletter I have certainly found numerous snippets of 
valuable information on publications, conferences, research projects, new legislation or 
policy, and I therefore remain convinced that a newsletter can still fulfil a useful role. I have 
also found that with a little thought and imagination it is not that difficult to ‘cut and paste’ 
from other pieces of text already written for other purposes to compile an informative article 
fairly quickly……. 
 
I’m sure some of you must be producing interesting publications on running water 
conservation and management that you might want to tell us about, or holding conferences 
that others would like to go to. You don’t have to write long papers – in fact I would prefer it 
if you didn’t as I have to spend hours trimming them down to a manageable size! 
 
Some of you have suggested that we should have more of a presence on the World Wide 
Web, perhaps through the SIL web site. I shall explore that a little more and report on it in the 
next issue. Whilst on the subject of the web site, I have just discovered that it contains useful 
links to the web sites of limnological journals. In particular (and here is an unashamed 
advertisement) please take a look at the link to the journal Aquatic Conservation: Marine and 
Freshwater Ecosystems. As co-Chief Editor I am always pleased to see new manuscripts; 
instructions to authors and all other relevant details are there at a few clicks of your mouse. 
 
Finally, may I re-iterate a plea in the last letter: 
 
……. in view of the fact that we have e-mail addresses for only 30% of our members, it would 
be helpful if you could all send in an up-to-date e-mail address to help make future 
communications faster and less expensive. 
 
If you have not done this recently (and surely more than 30% of you have access to e-mail), 
please send details now to: 
 
alison.lee@snh.gov.uk 
  
Thank you for your continuing interest in our Working Group. Let’s continue to find ways of 
making it a ‘working’ group. 
 
Phil Boon 
Principal Freshwater Adviser 
Scottish Natural Heritage 
May 31st 2002 
 
 
Note: Ludwig Tent has suggested 3 items for inclusion in Meanders.  They have not been 
reproduced here due to their length and the number of graphics within them.  However they 
can be viewed at his website; http://www.umwelt.schleswig-holstein.de/?11616.  Most of the 
site is in German, but at the bottom of the main page there are 3 articles in English.  These 
discuss the detrimental effects of land use on watercourses and the work involved in restoring 
them.  The restoration of a trout brook in the city of Hamburg is given as an example of best 
practice. 
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Rehabilitation Programmes for the Hyporheic Zone 
 
Andrew J. Boulton, University of New England, Australia. 
 
River rehabilitation programmes generally focus on repairing or enhancing the functions of 
‘surface features’ such as riparian zones, banks, riffle forms and channel features.  Little 
attention appears to be paid to how such rehabilitation programmes might influence processes 
in the hyporheic zone, the saturated sediments below and alongside streams where surface 
water actively exchanges with subsurface water.  In gravel-bed rivers, maintenance of this 
water exchange can be critical for sustaining the natural processes and fauna of the hyporheic 
zone, promoting fisheries for species that spawn in gravel, and protecting the habitat of 
macroinvertebrates that occupy interstitial spaces in the stream bed sediments.  I am keen to 
hear from fellow researchers who have either studied the effects of various rehabilitation 
techniques on the hyporheic zone or who are aware of specific techniques that are being used 
to promote hydrological exchange between surface and subsurface zones in impacted rivers.  
One approach being used in parts of Australia involves embedding logs into the streambed to 
stabilise riffles, bars, and channels.  This often results in some movement of bed sediments 
with concomitant changes in subsurface flow patterns, water quality, and fauna.  While 
concepts of ‘hyporheic health’ are ill-formed at present (see, for example, Boulton, A. J. 
(2000) River ecosystem health down under: assessing ecological condition in riverine 
groundwater zones in Australia.  Ecosystem Health 6:108-118), holistic river rehabilitation 
should aim to enhance conditions in surface and subsurface environments if possible. 
 
 
Andrew J. Boulton, Ecosystem Management, University of New England, Armidale, New 
South Wales 2351, Australia. 
 
E-mail: aboulton@metz.une.edu.au 
 
 
  
The Change in Fish Organoleptic Features as a New Hydrobiological 
Problem for the Amur River 
 
Victor V. Bogatov and Sergey E. Sirotsky, Russian Academy of Sciences, Russia. 
 
The Amur River is the 10th river among the rivers of the world in terms of basin area – 
188,500 km².  The appearance of an unpleasant taste in various fish including salmon and 
sturgeon during the winter season is one of the most serious river problems which has been 
encountered during the last 25 years.  The most critical situation occurred after the winter of 
1996-1997.  Specialists noted that the fish taste was ‘chemical’, with similarities to phenol or 
acetone.  The onset of the problem coincided with the occurrence of phenol pollution in the 
Amur River but the source of the phenol pollution was not found.  Only small natural areas of 
higher phenol concentration were located, mainly in flood-land lakes, as indicated by physico-
chemical and microbiological methods.  
 
Research on this natural phenomenon became a serious scientific and practical task: 
sometimes the unpleasant taste of the fish led to a ban on fishing. This problem was especially 
tragic for the local dwellers on the Lower Amur where fishing was the traditional way of life. 
 
Our investigation showed that the fish taste was mainly a result of chemicals such as 
aldehydes, some alcohols, and volatile organic compounds.  Fish can accumulate these very 
unstable and volatile compounds in high concentrations during the winter season. 
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We found that the unpleasant taste of the Amur fish may be caused by the following: 
 
• a change in water chemistry as a result of intensive hypertrophication (primary and 

secondary pollutants); 
 
• various carbohydrate and albumen metabolism changes in fish as a result of abiotic water 

parameter changes, leading to starving or intoxication; 
 
• the introduction of aquatic microorganisms to fish muscles as a result of reduced fish 

immunity. 
 
 
Victor V. Bogatov, Institute of Biology and Soil Sciences, Far East Branch, Russian Academy 
of Sciences, 159, pr-kt 100-letia, Vladivostok 690022, Russia. 
 
Sergey E. Sirotsky, Institute of Water and Ecology Problems, Far East Branch, Russian 
Academy of Sciences, 65, Kim-Yu-Chen St., Khabarovsk 680063, Russia. 
 
 
 
How do Stream Invertebrate Communities Respond to Dams in SE 
Australia? 
 
Dr Richard Marchant, Museum of Victoria, Australia. 
 
Dams are widespread in southern Australia, but multiple dams have never been examined in a 
single survey and the comparative effects of their different levels of disturbance on 
downstream faunal communities are unknown. For instance, do all dams cause a similar 
reduction in the richness of downstream invertebrate communities? Are the same taxa always 
eliminated or favoured? And is the degree of reduction related to changes in downstream 
hydrology? The recent advent of predictive models for invertebrate communities of Victorian 
and NSW rivers (from the AUStralian RIVer Assessment Scheme (AUSRIVAS) series of 
models) enables such an assessment to be made: existing taxa at sites below dams can be 
compared with those predicted to occur at similar but undisturbed sites. The models are based 
on invertebrate data gathered at over 200 reference or least disturbed sites in each state. 
 
Sites (usually <0.5km) downstream of 19 dams in Victoria and southern NSW were sampled 
in spring and autumn of 1998 and 1999. All dams were considered large (dam wall > 15m 
high) and were used for urban water supply, irrigation or generation of hydroelectricity. 
Specimens were identified to the family level and the results subjected to combined season 
AUSRIVAS models i.e. based on data from spring and autumn. Outputs from the models 
consisted of lists of predicted taxa (families in this case), their probabilities of occurrence at 
each site and ratios of numbers of observed taxa to numbers of expected taxa (O/E ratios). 
O/E values can vary from 0 (no predicted taxa found) to 1.0 (observed taxa the same as those 
predicted). In addition, data were obtained on current and historic or natural discharge levels 
downstream of the dam. These data enabled the degree of deviation from the natural 
hydrological pattern to be quantified using an index of annual proportional flow deviation 
(APFD).  
 
O/E scores averaged 0.63 for the seven Victorian sites and 0.62 for the 12 NSW sites 
suggesting that about 40% of the families that were predicted to occur had been eliminated 
below dams. There was no correlation between these O/E scores and APFD (r=0.16). Indeed 
the highest O/E score (0.85) had one of the highest levels of hydrological deviation and 
generally O/E varied over a narrow range (~0.5 – 0.7) irrespective of APFD, which ranged 



  4

from 1.8 to 6.0. The lowest O/E score (0.38) occurred at the single site where water quality 
was intermittently low. Poor water quality was not recorded at other sites. 
 
At all sites taxa such as Oligochaeta, Chironominae and Orthocladiinae, Hydracarina, various 
caddis larvae (Hydropsychidae and Hydrobiosidae) and certain gripopterygid stonefly 
nymphs and baetid mayfly nymphs were predicted to occur and were observed (these are 
tolerant taxa). On the other hand leptophlebiid and coloburiscid mayfly nymphs, elmid and 
psephenid beetle larvae, and a number of other families (e.g. Tipulidae, Corydalidae, 
Leptoceridae, Glossosomatidae, Conoesucidae, Calocidae) were commonly predicted but 
were seldom observed (intolerant taxa).  In addition, some taxa with low probabilities of 
occurrence occurred more frequently than expected, e.g. Ecnomidae caddis larvae, Ceinidae 
shrimps, suggesting that these taxa were favoured by the altered conditions.  
 
In short, the tolerant and intolerant taxa varied little across sites and recolonisation was 
similar everywhere. If dams act as barriers to drifting invertebrates, then a major source of 
colonists from upstream refuges is curtailed. Thus river reaches immediately downstream of 
dam walls, where the greatest physical disruption from engineering activities has usually 
taken place, may be permanently alienated from the rest of the river system and recovery of 
the benthic fauna from such disruption may never be complete. Given the lack of correlation 
between changes in discharge and O/E scores there may be little that can be done by 
managers to rehabilitate invertebrate communities immediately downstream of a dam, apart 
from ensuring adequate water quality to prevent even further disruption. Full recovery does 
not seem possible without removal of the dam itself. 
 
 
Dr Richard Marchant, Senior Curator, Museum of Victoria, PO Box 666E,  Melbourne, 
Victoria 3001, Australia. 
 
E-mail: rmarch@mov.vic.gov.au 
 
 
 
The Myth of Hydroelectricity as “Green” Energy 
 
R. John Gibson (Scientist Emeritus, Department of Fisheries and Oceans, Canada; Adjunct 
Professor, Memorial University of Newfoundland; Honorary Research Associate, Department 
of Zoology, Trinity College, University of Dublin). 
 
Proponents of hydroelectric development invariably emphasise that hydroelectricity is a clean 
source of energy, mainly because there are no polluting “greenhouse gases” emitted, and that 
therefore hydropower is harmless to the environment. Other advantages put forth are, that 
hydroelectric facilities are relatively cheap to build, the technology is standard, the source of 
the fuel costs nothing and is renewable, the facilities can be run by remote control, so that 
after construction costs labour is cheap, and the facilities run smoothly for many years with 
relatively little maintenance costs. Also, since many hydroelectric facilities are in remote 
areas away from communities, and therefore “out of sight, out of mind”, most people believe 
that hydropower is “green”. 
 
In fact, hydroelectric development worldwide has done more environmental damage and 
caused more human misery than any other method of power generation. Hydroelectric 
development may be compatible with the environment  at some locations, such as at the site 
of an impassable falls, for example at Niagra Falls, and mini-turbines using part of a river for 
local consumption may be relatively harmless. Also hydroelectricity has the advantage that it 
can be brought on-stream to supplement demand faster than thermal plants. The reservoir in 
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some cases is useful for flood control, or for irrigation purposes. Nevertheless I present a 
discussion as to why hydroelectric projects, including “small hydroelectric” projects,  are in 
general damaging, and why there must be public awareness of the consequences. 
 
Each hydroelectric facility is unique, in that effects vary with different ecosystems. However, 
generally a dam and reservoir are created, both of which disrupt river processes. The dam -a 
discontinuity - creates a break in line, an obstacle not only to water, but also to plants and 
animals that evolved to benefit from the river’s original continuity. Much more than the 
inundated reach of a river is lost - upstream, downstream, and laterally. My experiences have 
been mainly in Newfoundland and Ireland, so I emphasise the problems caused in those two 
countries, both of which have important stocks of diadromous (using both sea and freshwater) 
fish, although parallel effects occur in other countries, some of which I will refer to.  
 
A dam is a direct barrier to fish attempting to migrate upriver, e.g. salmon, sea-trout, eels, 
sturgeon, some species of whitefish, shad, striped bass, river flounder, etc. All countries have 
their own migratory fish species (e.g. the Mekong giant catfish of the Mun river in Thailand, 
galaxiids in the southern hemisphere) or invertebrates (e.g. some species of commercially 
valuable crayfish in Chile migrate from the estuary to headwaters of some rivers). The 
reservoir, depending on its size, also disrupts downstream migrants. Depending on the fish 
community, lake-dwelling fish replace river-dwelling fish, and some previously migrating 
fish become resident.  
 
Many hydroelectric facilities in Newfoundland are created by inundating originally natural 
lakes and surrounding terrain in a river system. However, the climate in Newfoundland is 
such that there is considerable drawdown over winter, as much of the precipitation is locked 
up in ice and snow, with storage of flood water in early spring following snow melt.  This 
causes fluctuations greater than would occur in a natural lake, which reduce productivity, so 
that such reservoirs are relatively barren. 
 
The outlets of natural lakes are very productive, since the output of “seston” (plankton, etc.), 
provides food for filter-feeding insects, which are eaten by trout and young salmon. However, 
below hydroelectric dams the biotic diversity of the zoobenthos, mainly insect larvae, is 
depressed, and density and biomass are reduced, leading to reductions in fish production 
(Moog, 1993).   
 
In acid waters, as are most in Newfoundland, methyl mercury, a neurotoxin, is leached from 
the newly inundated land, and passes up the food chain, making fish at the top of the food 
chain unsafe to eat, and causing mortalities in some fish-eating birds. Mercury levels peak 
after 3-5 years, and remain high for at least 60 years after flooding (Anderson et al., 1995).  
 
Rotting peatlands emit methane, a greenhouse gas. With inundation, organic matter is leached 
from the soils and from rotting vegetation, enhancing planktonic production, a stage called 
“trophic upsurge”. This may last for 4-5 years, after which production declines, and after 
about 8 years the impoundment eventually becomes less productive than the original lake 
(Stockner et al., 2000).  
 
It is cheaper to have one power house than several, so frequently adjacent river basins are 
combined into the one system. This mixes fish communities, which may or may not be 
changed, depending on whether the introduced species compete or prey on stages of the 
original species. Hydroelectric developments change the natural hydrological and nutrient 
fluxes in estuaries, with negative effects on the plant and animal communities adapted to 
them, such as salmon smolt and sea trout, which feed in estuaries before moving off shore, or 
bird life which use adjacent marshy areas. 
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A river is a living system, with gradual changes downstream in sources of production, 
invertebrate taxa, fish population structure and communities, “spiralling” of nutrients, type of 
substratum and riparian vegetation, etc., described as the “river continuum” by Vannote et al. 
(1980), and explained beautifully by Waters (2000).  These natural river processes to which 
the instream and riparian fauna have evolved are disrupted by dams.  Dams result in changes 
in temperature and water chemistry, conversion of riverine to lacustrine environments, and 
alterations in the frequency and duration of daily and seasonal downstream flow regimes.  
Terrestrial animal migrations along or across the river may be blocked, and salmon spawning 
may be disrupted by flow, temperature and habitat modifications. 
 
Modern hydroelectric stations use computers to control water passage through the turbines to 
match power generation to demand. This results in the fish facing highly unpredictable 
discharges, and many can be stranded, flushed and/or killed over large distances downstream 
of the tailrace release. The release of relatively warm water from below the hypolimnion 
through the turbines in winter can speed up development of salmonid eggs, so that they 
emerge at an inappropriate time for finding suitable food. Low water levels in winter are a 
major cause of mortality of developing eggs, so that if water levels are reduced at critical 
times high mortalities will result. Cooler hypolimnetic release during the summer slows 
growth, leading to higher mortalities (Saltveit, 1990). 
 
Invariably the mitigation suggested is a fishway and a hatchery. Not all returning salmon will 
use a fishway. For example, on the Mersey River in Nova Scotia three consecutively built 
dams, with fishways, gradually eliminated the salmon. Hatcheries have repeatedly failed in 
conserving or restoring wild stocks.  Intuitively hatcheries would seem to be the answer to 
declining fish stocks: they can be useful for initiating lost runs, and are useful for “put and 
take” fisheries and in aquaculture.  However, natural stocks have evolved over thousands of 
years for their own unique ecosystem.  Salmon migrate to their own stream in the system, so 
that in large river systems there are frequently unique genotypes for each tributary, with 
migratory strategies, feeding strategies, growth rates, etc., selected for their own system 
(Verspoor, 1997). A race may be unique, so considered as an “Evolutionary Significant Unit”, 
and treated as a separate species. Introduction of hatchery fish invariably leads to decrease in 
the wild stocks, since they hybridise and reduce fitness of the wild fish. For example, there 
are several studies showing that hybrids are not as successful as coping with the environment 
as the indigenous stock (Reisenbichler, 1996). In other instances the hybrids grew better than 
the natural stock juveniles, survived better (as juveniles, but not as adults) and displaced the 
wild fish, reducing population fitness and productivity (McGinnity et al., 1997).  It is 
impossible to select for the behavioural and ecological diversity of the wild genotypes in 
hatcheries, where fish suitable for hatchery life are selected. 
 
In Ireland, stocks of salmon and sea trout have decreased alarmingly over the last few 
decades.  This is not entirely due to dams, and more recently damage has been caused by 
dredging, and by pollution and enrichment of watercourses from runoff of sediments, 
fertilisers, insecticides, herbicides and fungicides from agricultural activities, which interfere 
with habitat and the food chain (Reynolds 1998; EPA, 2000).  Unfortunately there is no 
specific protection of fish habitat as is enforced under the Fisheries Act in Canada, so that 
many rearing streams are dredged to drain wetlands.  Moreover, riparian buffer strips of 
natural vegetation, which would do much to control harmful runoff, are not preserved, as they 
are in Canada. Nevertheless dams have had significant negative effects on salmon stocks, 
despite mitigation with fishways and hatcheries.  
 
Hydroelectric generating stations at present produce 6% of the State’s electricity 
requirements.  The Shannon, Erne, Lee and Liffey, which were among the principal salmon 
producing rivers at the turn of the century, were dammed for the generation of hydroelectric 
power between 1924 and 1957.  There have been other dams in recent years, such as the 
headwaters of the Feale and the Crana in Donegal, with the consequent loss of habitat.  The 
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flagship of the hydropower development programme was the large dam built between 1925 
and 1929 at Ardnacrusha, at the tidal head of the Shannon. Migration problems, loss of 
habitat and predation by pike on smolt reduced the salmon runs.  The River Shannon was 
renowned as a producer of large multi-sea-winter salmon to commercial and recreational 
fisheries, but this component of the stock has been lost (O’Farrel et al., 1996).  The remaining 
salmon fishery went into decline following the construction of the dam at Parteen, which 
posed a considerable obstacle to the fish reaching their spawning grounds (Twomey, 1963). 
 
In Newfoundland, loss of salmonid habitat due to hydroelectric development has not been 
quantified but is considerable.  Over 55% of the island’s catchments have been diverted for 
hydroelectric development.  About 60% of the island’s electricity use is at present from 
hydroelectric generation, from 35 stations.  Fourteen of these are on the Avalon Peninsula, 
destroying their salmon runs.  Salmon River on the south coast and most of the catchments in 
the Wilderness Area have been diverted into the hydroelectric station at St. Albans.  Salmon 
runs have been eliminated from Rattling Brook, and a large proportion of the Humber River 
catchment on the west coast is devoted to hydro-electric generation, through Grand Lake, 
Birchy Lake, Sandy Lake and their tributaries. Also, the most productive areas of Indian 
River (the upper 25% of the watershed) have been diverted to supplement the discharge. 
Unfortunately no fishways were incorporated in any of these.  
 
Until recently all proposals for hydro-electric development in the province were granted. The 
first one rejected was for Northwest River on the east coast, running through Terra Nova 
National Park (the mitigation proposed was a fishway and a hatchery).  A well organised 
public campaign, with 4 years of intense public pressure, led by the Salmonid Association of 
Eastern Newfoundland (SAEN), resulted in cancellation of the project.  A number of other 
projects at the same time were cancelled, mainly because SAEN had led an informative 
campaign about the effects of hydroelectric developments.  The Premier at the time, the Hon. 
Brian Tobin, made a commitment that all hydroelectric projects on the island would be put on 
hold.  This example illustrates very well that public awareness and participation are essential 
for conserving our environment.  Under the Canadian federal Fisheries Act, it is stated plainly 
that there must be no net loss of fisheries habitat.  However, political  and economic pressures 
surround the conservation of any natural resource, and where there is sufficient political 
pressure from developers the authorities will cheat.  It is therefore essential that we 
demonstrate that conserving our natural environment has economic benefits, and by public 
participation show that we know and care.   
 
More than 400,000 km2 - the area of California - have been inundated by reservoirs 
worldwide.  The 0.3 % of the global land surface which has been submerged represents a 
much greater loss than the raw statistic implies - the floodplain soils which reservoirs 
inundate provide the world’s most fertile farmlands; their marshes and forests the most 
diverse wildlife habitats.  Nearly four-fifths of the total discharge of the largest rivers in the 
US, Canada, Europe and the former USSR is strongly or moderately affected by flow 
regulation, diversions and the fragmentation of river channels by dams.   
 
Dams are the main reason why fully one-fifth of the world’s freshwater fish are now either 
endangered or extinct.  Over 60 million people have been flooded off their traditional lands, 
usually poorer people who are inadequately compensated, and who lose their major protein 
source and traditional way of life.  In tropical regions dam-related diseases are created (e.g. 
schistosomiasis, malaria).   
 
Dams can be lethal too, because they may break.  In Newfoundland there is only one 
example, a dam on Flat Bay Brook a few years ago, in which one person drowned.  However, 
more than 13,500 people have been swept to their deaths by the roughly 200 dams outside 
China which have collapsed or been overtopped during the twentieth century.   
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The earlier ambitions of wealth through boundless energy and improved irrigation projects, 
by building dams, have been dashed by the resulting ecological disasters and the displacement 
of millions of people (McCully, 1996). For example, the High Aswan Dam in Egypt was 
expected to pay for itself in 2 years and double national income in 10, industrialise the state in 
the same decade, and turn a vast, empty desert green. However, so far it has cost at least 
double the original outlay in damage to the country’s soil, river bed, coastline, and people. 
Today more than 98% of the Nile’s sediment drops to the bottom of the reservoir, which has 
had a serious effect on Egyptian agriculture, partly through lack of deposition in the delta. 
Fisheries in the estuary relying on nutrients from the annual flood have collapsed, and river-
borne diseases mediated through snails and mosquitoes have increased.  
 
The Three Gorges Dam in China, which will drown a 400-mile long stretch of the Yangtze 
River, will displace 1.9 million people. In India the Sardar Sarovar Dam is being built on the 
Narmada River, and around one million people will be directly affected. Over 200,000 people 
will lose land to the reservoir. Many more will be affected by other aspects of the project, 
including its canals, the town built for the construction workers, and the reduced flow of 
water downstream. Opponents of Sardar Sarovar say that the project will cost far more and 
produce far fewer benefits than claimed by dam supporters, and that more equitable, less 
destructive and cheaper alternatives exist. Similarly in Thailand, as a direct result of the 136 
MW Pak Mun Dam, more than 20,000 people have been affected by drastic reductions in a 
once rich and productive fishery. The dam has blocked the migration of fish, and a $1 million 
fish ladder has proved useless. The villagers are now experiencing intestinal and liver flukes 
and the disease schistosomiasis.  
 
The International Rivers Network (1847 Berkeley Way, Berkeley, CA 94703, USA) 
documents many such projects, planned or under construction. The World Commission on 
Dams has concluded that, “it is not possible to mitigate many of the impacts of reservoir 
creation on terrestrial ecosystems and biodiversity, and efforts to ‘rescue’ wildlife have met 
with little sustainable success”. 
 
Alternative electricity generating methods are required. Natural gas is a cheap, safe and 
relatively environmentally benign transition fuel. Solar and windpower are becoming 
economically feasible. According to a report by the European Photovoltaic Industry and 
Greenpeace in Berlin last October solar power could provide 26% of global energy needs by 
2040. Wood biomass, energy from municipal waste and geothermal energy are sources in 
some locations. In Portland, Oregon, methane collected from decomposing sewage waste 
provides hydrogen to power a commercial fuel cell, although fuel cell technology is still 
under development. In Ireland, energy projections to 2010 include more than doubling of 
natural gas input to electricity generation, which follows an international trend, due largely to 
the wide availability of cheap natural gas coupled with its lower emission levels relative to 
other fossil fuels.  The prospects for the wind energy sector in Ireland in the medium term 
indicate that it can exceed the output level obtained from hydropower stations by 2005 (EPA, 
2000).  Wind power can now compete with the price of electricity from fossil fuels in many 
countries and the proportion of wind power is increasing in Europe. 
 
There are movements to restore dammed rivers. The Edwards Dam on Maine’s Kennebec 
River was removed recently, and there are plans to remove a dam on Marsh river, in Maine. 
Three dams have been breached on the Columbia river, and in Oregon there are plans to 
remove two dams on the Sandy river, a tributary of the Columbia.  Both in Ireland and in 
Newfoundland there are good reasons to remove many hydroelectric dams, and replace them 
with other sources of energy generation. No more should be built. Now that we know the 
detrimental effects of hydroelectric dams, which technology will not repair, we realise they 
were of a different age, and their time has gone 
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Introduction 
 
In June 2000 the Spanish Parliament approved the law of the National Hydrological Plan 
(PHN). This law proved controversial both in Parliament and in other forums where it has 
been discussed by ecologists, economists and the media.  Demonstrations against this plan 
have been organised and several regions of Spain are opposed to it. 
 
The environmental assessment made by the law was very poor and severely criticised by 
many scientists in many papers. A summary of these criticisms can be found in a recent book 
(Arrojo, 2001) where, in addition to environmental ones, economic, legal and other criticisms 
are collated. These papers have been produced on demand from the Environmental Minister 
and therefore are known by the Government. 
 
We have been co-ordinating a report about the future environmental effects of the Plan. 
Different researchers from several institutions (Universities, CSIC, NGOs and private 
consultants) have produced papers on a range of topics related to the lower Ebro river 
environment from algae to vertebrates, from the river itself to the sea, and including, of 
course, the Ebro delta. 
 
The summary of all these works has been presented in a preliminary version to the members 
of the Spanish Parliament at a public session in April 2001.  The text of this summary has 
been posted in the web page of one of the authors since the beginning of 2001 
(www.tripod.es/narcispratweb)  and published recently in Arrojo (2001). This summary has 
had several changes during the elaboration of the report (recently finished) and here we 
present the current version. 
 
Much is known about the lower Ebro river, its delta and the surrounding sea, but there are still 
many questions about its ecology. In several cases no good predictions can be made and the 
effects of the PHN can be predicted only qualitatively.  We believe that the precise effects of 
a possible water transfer from Ebro to the south and north of the Spanish Mediterranean coast 
cannot be predicted. 
 
In this paper we try to explain which ecological functions are markedly changed in the river 
and how the PHN will affect them in the future. Secondly, we note the areas where a better 
understanding is needed in order to predict the effects of the PHN. Finally, and according to 
current knowledge, we propose the basis for a flow regime that may prevent further 
deterioration in the lower Ebro and guarantee a sustainable environment for the future, which 
in turn may also accomplish the economic and social functions that the river fulfils today. Of 
course, this is a preliminary account that should be studied in further research. In our opinion 
no plans for water transfer should be made before all these studies have been finished.  The 
PHN should not be developed therefore, and the funds coming from the EU should be 
devoted to promote the studies we propose. 
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This paper is not intended as a scientific paper but a summary of a multi-authored report 
which is, at this moment, only available in the Spanish language, and well known by the 
Ministry of Environment. 
 
 
Summary of possible effects of the PHN 
 
The PHN proposals would have different effects in the lower Ebro summarised below. These 
effects are mainly due to the reduction of river flow due to two main factors: 
1) The creation of new irrigation lands in the Ebro basin (up to 3347 Hm3/year of water 

evapotranspiration) 
2) The water transfer to the north (200 Hm3/year) and south (850 Hm3/year) of the 

Mediterranean coast. 
 
Thus, a total of 4,397 Hm3/year will disappear from the river mouth. The effects of this 
disappearance will depend on the remaining flow. This latter figure has been controversial 
and no definitive agreement exists between different hydrologists. For these reasons we have 
decided to concentrate our efforts in an estimation of the flow regime required by the lower 
Ebro to fulfil the environmental, economic and social functions of the river. 
 
The main consequences of river flow modifications and new irrigation projects, as would be 
carried out in the National Hydrological Plan, are well known qualitatively: 
 
1. TRANSPORTATION OF SEDIMENTS. Even less solid material would be carried 
downstream to the river delta than now, due to new reservoirs to be built in the basin, which 
would lead to: 

• A worsening of the erosion of the river banks and delta apex 
• A worsening of the subsidence of the delta plain 
But most importantly: 
• Future solutions of bringing more sediments along with the river flow would be 

compromised 
 
2. SALT WEDGE. This would be present for longer periods due to the decrease in, and 
regulation of, the river flow. This would lead to: 

• Longer periods of anoxia (no oxygen) in the estuary 
• A possible salinization of  freshwater wells near the river 

These negative effects would also be made worse by more nutrients entering the river because 
of  new irrigation within the river basin. 
 
3. WATER QUALITY. This has deteriorated at present and would be further degraded, 
especially due to the increase in irrigation.  This would cause: 

• An increase in the concentration of chlorides and sulphates 
• An increase in the concentration of nitrates and phosphates 
• An increase in periods of anoxia in the estuary 
• The possible appearance of toxic cyanobacteria 
• Drinking water problems 

 
4. POLLUTION due to pesticides and other pollutants. Both the water transfer and irrigation 
projects would have a negative effect because of: 

• A higher concentration of pollutants, less diluted due to the lower river volume 
• A lower capacity of assimilation of  pollution in the river due to the decrease in 

oxygen 
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An increase in pesticides and reduction of river volume because of new irrigation fields would 
exacerbate these effects. 
 
5. RICE FIELDS. New irrigation along the river, affecting the river water quality, would also 
produce negative effects such as: 

• Increasing the salinity of irrigation water and the surface aquifers 
• Increasing the “forced system” characteristic of the rice fields and producing greater 

nutrient loss to the sediments, atmosphere and drainage canals. 
Besides this, the removal of water from the canals would also mean that a smaller area would 
be cultivated due to a lack of water resources, and the water and nutrients flowing into the 
bays would be reduced.  

 
6. WETLANDS. Negative effects on: 

• Riverside woods and macrophytes due to the increase in water stress, salinity and 
eutrophication. 

• Lagoons: some lagoons, specifically El Garxal and Els Calaixos de Buda, would be in 
danger of disappearing due to sea erosion and a lack of river sediments. The lower 
flow and salinization could affect some lagoons. 

 
7. FLORA AND FAUNA. Effects on the conservation of: 

• Ephoron virgo and other invertebrates: because of the increase in eutrophication, 
pollution and salinity. A predicted decrease in populations due to high death rates, 
changes in metabolic behaviour, extinction of the most sensitive species, etc. 

• Margaritifera auricularia: possible extinction because of increased eutrophication, 
pollution, salinity and temperature of the water, which would increase its death rate 
and produce changes in its biological cycle. 

• Fish: the greater fluvial regulation and the increase in the concentration of pollutants 
would alter the biological cycles of fish (breeding, migration, etc).  

• Other vertebrates: diverse effects because of the lower water quality such as an 
increase in outbreaks of botulism and lead poisoning, lower reproduction of 
macroinvertebrates and fish leading to a reduction of the populations of colonial 
water birds and sea birds, including  Audouin’s Gull, etc. 

 
8. BAYS AND SEA CROPS. A reduction of the freshwater inflow and increase in specific 
nutrients would compromise the maintenance of these ecosystems. This would give effects 
such as: 

• More frequent, severe, and long-lasting periods of anoxia in the deeper waters of the 
bays 

• Increases in recurrence of phytoplankton blooms, in some cases with presence of 
toxic species (red tides) 

• Proliferation of fast-growing macroalgae 
• Negative consequences for both natural communities (seagrass and benthic fauna) 

and shellfish production 
 
9. FISHING GROUNDS 

• The consequences of the lower inflow to the sea are difficult to quantify but 
foreseeably negative for the fishing productivity and associated sea-bird populations 

 
 
Studies to be carried out to predict the effects of PHN quantitatively 
 
The Ebro forms a complex of fluvial, delta, and marine systems.  At present there is 
insufficient information to quantify many of the foreseeable effects of the reduced river flow 
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and poorer water quality caused by transformations along the river and/or water transfers. 
Research programmes therefore need to start urgently to improve understanding of the key 
processes in each part of the system. 
 
The general categories of work that need to be carried out may be summarised as follows: 
 
FLUVIAL ECOSYSTEM 

• Water flow 
• Sediment flow 
• Water quality 
• Biological communities 

 
DELTA ECOSYSTEM 

• Subsidence 
• Pesticide pollution 
• Rice fields 
• Wetlands (lagoons and marshes) 
• Vertebrates 

 
MARINE ECOSYSTEM 

• Bays 
• Fishing production 

 
 
Proposals for a new water management model in the Lower Ebro and an ecological 
river flow regime 
 
The water management of the Lower Ebro should be based on a system that affords the same 
importance to environmental, social, and economic values as it does to water usage. All these 
characteristics should be respected and suitably combined in the hydrological management 
plan. 
 
Given these premises, it is essential to establish integrated water management for all of the 
lower Ebro – from the Mequinenza/Riba-Roja reservoir to the sea – based on scientific studies 
for determining the criteria for managing flow and sediments. The approach to water 
management must be comprehensive, including all water users, although it has to be 
independent of these and have a strong presence of scientists, technicians and 
conservationists.  This would ensure that the highest priority was given to the ecological state 
of the river and the Delta, in agreement with the EC Water Framework Directive passed in 
December 2000. 
 
The management regime must be sufficiently broad to maintain the ecological, social and 
economic functioning of the river.  A preliminary evaluation of a sustainable flow for the 
Lower Ebro may be summarised as follows: 
 
Environmental functions: 
 

• A minimum basic flow (1 month) and a flow to contain the salt wedge (8 months) in 
the middle of the estuary (at Deltebre) during periods of low flow. 

• A minimum winter flow (3 months), keeping the river bed in constant movement, 
assuring  its oxygenation and, at the same time, restricting the salt wedge to the 
estuary end of the river. 

• A flood regime (1 month) to allow the transportation of sediments to the Delta and to 
maintain the nutrient inputs to the sea, which would maintain fish production. 
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• A flow to break the anoxia in the salt wedge (40 days) during warm periods. 
• A flow to renew the bays and lagoons (12 months), both for environmental reasons 

and for maintaining fishing and aquaculture. 
 
Economic functions: 
 

• Water for existing irrigation.  About 700 Hm3/year are needed. 
• Water for the transference to Tarragona: 126 Hm3/year. 
• Water for  agri-environmental measures: 250 Hm3/year (flooding of the Delta in 

autumn). 
• Water for the navigability of the Lower Ebro (120 m3/s, 12 months). 

 
Although more detailed studies are needed to quantify the amount of water more precisely, 
the basic needs are in the range of 8,900 – 12,500 Hm3/year.  

 
 

Preliminary conclusions 
 

According to our results, it would be difficult to guarantee a transfer of 1,050 Hm3/year if the 
Lower Ebro is to maintain its uses and environmental needs. 

 
Besides this, future predictions of a reduced river flow due to climate change and a 
progressive reforestation of the river basin require special attention. Preliminary prediction by 
Ayala (2001) referring to climate change and Gallart (2001) referring to the effects of 
afforestation are very pessimistic. According to these authors, the current river flow mean of 
11000 Hm3/year may be reduced to a half. This may have critical consequences to the lower 
Ebro even without the works of the PHN. The addition of new irrigation fields in the Ebro 
basin together with the transfers of PHN and the effects of climate change and afforestation 
may be dramatic for the Ebro and need to be studied in more detail than has been made in the 
recent strategic environmental impact assessment.  
 
The precautionary principle should be applied in this case and the necessary economic 
resources should be applied to studies that can predict in a quantitative way the hydrological 
and ecological future of the Ebro ecosystems.  
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