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THE NEED
With only one third of its rivers having ‘good ecological status’ Europe has probably
more heavily modified rivers than anywhere else in the world, as well as a long
legacy of fragmentation. Yet, the extent of river connectivity remains unknown for
most European rivers, despite the fact that inventories of physical barriers are
required in River Basin Management Plans (RBMP).
Attempts to quantify river fragmentation have been hampered by the absence of a
harmonised barrier database and this has in turn prevented efficient restoration of
river continuity.

MEETING THE NEED
We present the first comprehensive estimate of river fragmentation in Europe
based on empirical and modelled barrier densities.
We assembled 629,955 unique barrier records from 36 European countries and
surveyed 2,715 km of 147 rivers to ground truth barrier densities. We also modelled
the location and number of missing barriers.
As there is no agreed definition, we defined artificial instream ‘barrier’ as “any built
structure that interrupts or modifies the flow of water, the transport of sediments,
or the movement of organisms and can cause longitudinal discontinuity”. We
classify barriers into six funcional types (Figure 1).
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BARRIER FUNCTIONAL TYPES

A dam is a barrier that regulates the flow of
water and raises the water level, forming a
reservoir. Dams come in many shapes and
sizes but water does not normally overflow
the crest.
Dams are often used to generate
hydropower or supply water for irrigation or
drinking. They cause a significant alteration
of river flow and disrupt the transport of
sediments.

Dam (Dora Baltea river, Italy). S. Bizzi (2017

A weir is a barrier that raises the water level
and regulates the water flow, but unlike a
dam, water flows freely over its crest.
Many weirs are old and many may be
abandoned, revealing their former use
abstracting water for watermills, sawmills,
and foundries. They often have heights less
than 5 m.

Consolidation weir (Arno river, Italy. S. Bizzi (2017)

A sluice is a barrier with one or more
movable gates that are used to control
water levels and flow rates. By opening or
closing the sluice gate, water levels and flow
rates can be altered.
Sluices are used in river locks and canals, to
allow boats to navigate over dams or
overcome sudden changes in channel
slope. They allow canals to be built over
uneven landscapes.
Tidal sluice gate (Netherlands). J. Van Deelen (2017)

Figure 1. The six functional types of longitudinal instream barriers (from Jones et al., 2020).

BARRIER FUNCTIONAL TYPES

A ramp or bed-sill is a structure designed to
stabilize the channel bed. They are usually
built in high energy streams to reduce
channel erosion caused by channel
straightening. They often have a height of
less than 1-2m
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A) Bed sill (Marecchia river, Italy). B. Belletti (2017)
B) Rock ramp (Switzerland). R. Bösiger (2018

A culvert is a structure built to carry the
stream flow at road crossings. They are
typically built in small streams, under forest
tracks or secondary roads. Unlike fords,
culverts enclose the stream flow fully (pipe)
or partially (half-pipe). They are often
embedded in soil and may vary in shape
from round and elliptical to box-shaped.
Culverts do not raise the water level, but
they can block the movement of organisms
if they are perched, too shalow, or have too
high water velocities.

Culvert (Afan river, United Kingdom). J Jones (2019)

A ford is a low-head structure
typically built in shallow streams for
wading or crossing. Fords do not
raise the water level or regulate the
flow of water.

Ford (Orco river, Italy). M. Micotti (2017

Other types of barriers that can
impact on longitudinal connectivity
include fish traps and lateral
groynes or wing dykes built
perpendicular to the river bank to
divert the flow of water and reduce
flooding or bank erosion, such as
the one shown in the picture.

Other (Dora Baltea river, Italy). B. Belletti (2017)

MAIN FINDINGS

There are at least 1.2 million instream barriers in Europe
(mean density = 0.74 barriers/km), 68% of which are low-head
(<2m) structures such as culverts, ramps and fords (Table 1,
Figure 1).

Table 1. Number of unique barrier records (excluding duplicates) in the AMBER Barrier Atlas and corrected
barrier estimates obtained by applying national correction factors on the level of underreporting derived
from field surveys (Belletti et al., 2020)

MAIN FINDINGS
(cont.)

The distribution of barriers (Figure 2) largely mirrors the
distribution of other anthropic pressures in Europe’s rivers, like
river-road crossing (Figure 3).

Figure 2. Estimates of barrier density (No./km) across
Europe based on ground-truthed barrier numbers
(Belletti et al., 2020)

Figure 3. Density of river-road crossings (Belletti et al.,
2020).

MAIN FINDINGS
(cont.)

Barrier density can be predicted by agricultural pressure, road
density, extent of surface water, and elevation.
Existing barrier records underestimate true barrier numbers
by ~61% but this varies considerably between countries. Some
countries like the Netherlands, France and Switzerland have
accurate barrier records with little under-reporting, but others
like Sweden, Albania, Greece and Romania tend to record only
large structures which underestimate the true extent of river
fragmentation (Figure 3).

Figure 4. Barrier under-reporting error obtained by comparing barrier records in the existing databases (the AMBER
Barrier Atlas) and those derived from field surveys. Values are colour-coded depending on the whether they are above
(red) or below (green) the median barrier error across countries (dotted line). Country codes are given in Table 1
(Belletti et al., 2020)

MAIN FINDINGS
(cont.)

All rivers we surveyed in Europe have barriers but relatively
unfragmented rivers are still found in the Balkans,
Scandinavia, the Baltic states, and parts of southern Europe.

Many of the barriers we surveyed are no longer in use, may
pose a flood hazard and should be removed.

Soča Valley, Slovenia, image by Christian Werther

POLICY IMPLICATIONS &
RECOMMENDATIONS

AMBER has produced the first harmonised pan-Europen Atlas
of instream barriers but this is incomplete and needs to be
kept updated. Member States need to complement it and
keep it updated under the auspices of the EC. The Atlas is not
static, new barriers are being built while others are removed
or are washed away. So it is important to have procedures in
place to keep records updated.

Better mapping and monitoring of barrier numbers is needed,
particularly of low head structures, as these are the most
abundant and the main cause of fragmentation.

To fill barrier data gaps we emphasize the value of ground
truthing via river suveys, and the contribution that citizen
scientists can make for validating and augmenting barrier
numbers and locations.

The existing ECRINS river network undestimates river length
and is generally too coarse for detailed barrier mitigation
planning. We call for the development of a more detailed panEuropean hydrographic map to support the restoration of
connectivity.

Information is needed on the current use and legal status of
all barriers, as many are out of use and could be removed.

To restore connectivity, current rates of fragmentation need
to be halted, and this may require a critical reappraisal of
building new dams against the alternative of enhancing the
efficiency of existing ones, and other alternative sources of
energy and water storage.

TAKE HOME MESSAGE

Views on global patterns of river fragmentation
have been dominated by consideration of fish
needs and large dams only but our study shows
that most barriers to free-flow are small structures
that are difficult to detect and are poorly mapped.
Loss of connectivity depends mostly on the
number and location of barriers, not on their
height.
Many barriers in Europe are old and obsolete, and
provide unprecedented opportunities for restoring
connectivity.

Relatively unfragmented rivers exist but require
urgent protection from new dam developments.
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