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River systems accommodate high levels of biodiversity. While greater species richness
is generally seen in lower reaches than in headwaters, the latter exhibit greater variation
in species composition. It has now been shown experimentally that diversity patterns
of this kind can arise as a result of network structures typical of rivers. Habitat connectivity is thus a key factor in the preservation of biodiversity.
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systems was described by Leonardo da Vinci as a hierarchically
organized, ramified network, resulting from hydrological processes. In ecology, however, such networks were long neglected, with waterways being conceived of as simple linear systems
[6]. Only recently has the structure of river networks been taken
into account in efforts to explain the occurrence of species [4].
According to current models, the characteristic diversity patterns observed in rivers are due to the fact that organisms have
only a limited ability to disperse in a river network [3, 5]. These
models take account of the fact that organisms mainly move
along the line of flow, that the distances travelled are relatively
short, and that species may undergo local extinction in individual river stretches as a result of various processes. Whether
habitats are recolonized will depend on their location within the
network and on the availability of nearby source populations.
The models thus predict that it is not necessarily or not only
local environmental conditions which determine where certain
species do or do not occur, but that habitat connectivity also
plays an important role. In other words, the specific network
structures of river habitats give rise to characteristic diversity
patterns. However, while these mathematical models closely
reflect the diversity patterns observed in nature, experimental
confirmation has so far been lacking.
Experimental river network
In a recently published study, we showed for the first time
on the basis of a laboratory experiment that the dispersal
of organisms along river-like networks leads to characteristic

diversity patterns [7]. Thanks to cooperation between Eawag
and Andrea Rinaldo and his colleagues at the EPFL Laboratory
of Ecohydrology, it was possible to combine empirical and
theoretical approaches.
For the experiment, we reproduced a – highly simplified – dendritic river network in the laboratory. The spatial structure of a
river network was extracted from a realistic landscape model,
and a simplified version was applied to our laboratory system,
which consisted of culture plates (Fig. 1). Each local community
initially comprised eight protozoan and one rotifer species in a
culture medium. To simulate the dispersal of microorganisms
within this miniaturized river network, we used a pipette to
transfer small amounts of nutrient medium between the various
communities. Transfers were made between neighbouring sites
along the schematic river courses and, for comparison, along a
homogeneous lattice network (Fig. 2). At the end of the experiment, the level of biodiversity was determined for each site.
With the aid of the simplified laboratory system, environmental
factors could be either eliminated or harmonized. For example,
the dispersal rates and habitat conditions were identical in the
two experimental set-ups. The systems differed only in their
connectivity, i. e. in the dispersal paths open to the organisms.
We were thus able to investigate the causal link between the
spatial characteristics of a river-like network and biodiversity.
As the experiment covered dozens of generations of the organisms concerned, it was also possible to consider long-term
effects of species interactions and population dynamics on
diversity patterns.

Fig. 2: Local diversity depends on connectivity. In river-like networks (a), the central “confluences” show higher species richness than the “headwaters”. In
homogeneous lattice networks (b), the distribution is highly uniform.
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Fig. 3: Pairwise similarity of local communities as
a function of distance within the network. The
degree of similarity is shown by the Jaccard index.
A value of 1 indicates that two communities have
the same species composition, while 0 means that
they have no species in common. Solid symbols
represent the experimental observations (mean
± SD), and dotted lines the model predictions.
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Diversity influenced by network structure
In the river-like networks, the “confluences” showed greater
species richness at the end of the experiment (after about a
month) than the more isolated “headwaters”. In addition, there
was marked variation in species richness among the various
headwaters. In the homogeneous lattice networks, by contrast,
a monotonous pattern arose (Fig. 2). In both experimental setups, similarity of species composition decreased with increasing distance between the local communities. Especially in the
river-like networks, the greater the distance between local communities, the more they differed (Fig. 3). A mathematical model
developed in parallel with the laboratory study confirmed the
experimentally observed patterns, allowing us to draw more
general conclusions.
The results demonstrate that the connectivity and continuity of
rivers have a direct influence on species distribution and diversity. The structure of river systems affects two key indicators
of biodiversity – local species richness within habitats (a diversity) and variation in community composition among habitats
(b diversity). The latter is vital for the maintenance of a high level
of regional diversity.
What are the implications for real-world systems?
Our approach is based on a heavy simplification of natural systems, and we cannot draw any direct conclusions concerning a
specific river or particular species. However, the simplification
and replication of key factors make it possible to test how river
network structure influences biodiversity in principle, as well as
yielding more general findings. Our investigations suggest that
changes to the network structure of actual river systems can
have direct effects on species dispersal and diversity. For example, the construction of dams leads to habitat fragmentation,
while channels linking watercourses will increase connectivity.
The consequences also need to be taken into consideration in
conservation efforts. Thus, when a river section is subject to
conservation or restoration measures, attention should be paid
not only to local environmental factors – the position of the section within the river network is equally crucial. Isolated head-

water habitats are more difficult for species to colonize than
central habitats. On the other hand, the interlinking of naturally
isolated habitats may facilitate the spread of invasive species.
Our experiments also confirm that river network structure
should be included as an important factor in mathematical
models designed to predict diversity. This in turn should permit
additional predictions on a broader basis. Connectivity parameters can be varied in models so as to compare realistic future
scenarios. As part of our research project, we are applying our
findings to study the distribution and diversity of aquatic insects
in Switzerland’s river system. Of particular interest is how the
diversity of mayflies, stoneflies and caddisflies can be explained
not only by local environmental conditions, but also with reference to the position within the river network.
florian.altermatt@eawag.ch
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