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Centuries of river modifications...

… resulted in multiple pressures today
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..but large rivers were underrepresented and understudied! 
Hering et al. 2015; Schinegger et al. 2012

..and inland navigation has not been considered at all!
e.g., Schinegger et al. 2012, 2013, 2016, 2018; Trautwein et al. 2013

hydrology,

morphology,

connectivity,

water pollution

In European running waters,

pressures related to alterations of..

...matter most
Schinegger et al. 2012

Cargo vessels
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Schiemer et al. 2001

BAW 2016

Passing vessels cause hydraulic forces..

..that discharge at shallow areas

..and cause a habitat-bottleneck
Huckstorf et al. 2011; Wolter & Arlinghaus 2003
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Balon 1975, 1981; Dußling et al., 2004; Welcomme et al., 2006; Wolter et al., 2016; Wolter and Vilcinskas, 1997
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Consequences of multiple pressures on fish assemblages?
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 Which pressures have the greatest influence in large rivers?

 To which extent does inland navigation matter (cargo vessels)

among the other pressures in large rivers? 

 Are there distinct effects of recreational and commercial
navigation?

 recreational, motorized sport boats

 commercial river cruises

Objective 1: Inland navigation among multiple pressures

Objective 2: Effects of recreational navigation
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16 European large rivers

>2500 fish samplings

>350 sampling sites

 including site descriptors on human alterations

Large River fish Database

 Densities of

= ranked pressure variables

5: high
3: intermediate
1: low
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= ranked pressure variables

5: high
3: intermediate
1: low

16 European large rivers

>2500 fish samplings

>350 sampling sites

 including site descriptors on human alterations

Large River fish Database

 Densities of

10

Catadromous

Anadromous

Amphidromous

Potamodroumus

 Most migratory fish are 
rheophilic / lithophilic
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16 European large rivers

>2500 fish samplings

>350 sampling sites

 including site descriptors on human alterations

Large River fish Database

 Densities of

 navigation intensities
= ranked pressure variables

5: high
3: intermediate
1: low
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250 fish samplings
76 sites
8 large rivers

Objective 1: Inland navigation amongst multiple pressures

all described by 11 pressure variables 
including inland navigation
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increased flow VELocity

NAVigation intensity

loss of FLOodplains

Objective 1: Inland navigation among multiple pressures

5: high ( ),

3: inter-
mediate ( ),

1: low ( )

.....

11 pressure
variables

analyzed in total

0 – 3000

3001 – 33,000

33,001 – 133,000

Cargo vessels
per year

boosted regression
tree models

Sampling site (ID)
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Rhine  Lek  Meuse Elbe  Ems Havel Spree Oder

14

250 samplings
76 sites
8 large rivers

~150,000 fishes
55 species

Results 1: Inland navigation among multiple pressures

Fish densities per guilds and rivers..
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Rhine  Lek  Meuse Elbe  Ems Havel Spree Oder
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250 samplings
76 sites
8 large rivers

~150,000 fishes
55 species

Results 1: Inland navigation among multiple pressures

Fish densities per guilds and rivers..
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23%

increased velocity

23%

inland navigation

10%

loss of floodplains

Results 1: Inland navigation among multiple pressures

Relative influence of pressures on..

inrease of sedimentation

artificial embankment

channelization

barriers up -and

downstreams

organic siltation

>10%
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Results 1: Inland navigation among multiple pressures

Effects of inland navigation on..

 decline of most guild densities at intermediate ship traffic 
= starting with 8 cargo vessels per day

 most severe declines for habitat-sensitive spawners
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Results 1: Inland navigation among multiple pressures

 .. is as relevant as hydromorphological degradation

.. offers additional potential for the rehabilitation of large rivers

 .. is a specific pressure in large rivers

Inland navigation..

 Are other forms of inland navigation such as sport boats likewise
detrimental for fish?
 Is ecological success of the Blue Band initiative endangered?

Cargo vessels
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Objective 2: Effects of recreational navigation

Rhine  Lek  Meuse Elbe  Havel  Oder
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Objective 2: Effects of recreational navigation

369 fish samplings
88 sampling sites
6 large rivers

~ 230,000 fishes
56 species

eurytopic fish 100%

rheophilic fish 99.7%

lithophilic fish 94%

phythophilic fish 84%

psammophilic fish 62%
mixed effects models

frequency of captures

in samples
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Results 2: Effects of recreational navigation

nt nt

X = significant negative effect
of navigation

nt = not tested

Sport boats
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Results 2: Effects of recreational navigation

X = significant negative effect
of navigation

nt = not tested

nt nt

River cruises



Research for the future of our freshwaters Petr Zajicek  & Christian Wolter        zajicek@igb-berlin.de 23

 Any form of motorized ship traffic requires attention in river
management & additional mitigation measures in river rehabilitation

 Recreational navigation is as detrimental as cargo navigation

 Motorized sport boats & river cruises can outcompete rehabilitation
of minor waterways (Blue Band initiative in Germany)

 Habitat-sensitive fish, including migrators, suffer most
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