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The key aim of this project was to make some improvement in the classical problem of linking structure to
process in ecology. In particular, we were interested in the topological analysis of various ecological
network (mostly trophic networks) and their functioning. The main question is how to use simple, static,
structural models for predicting the behaviour of the ecological community: if we can make any progress
here, we can contribute to predictive ecological modelling, and this strategy can be cheaper, faster and more
efficient.

In some preliminary research, we compared carbon flows and the strength of interactions in several
weighted trophic flow networks [1]. We studied a large set of weighted ecological networks by several
topological indices and an index considered as a proxy to dynamical indices. We determined which
topological indices are the best ones predicting the dynamics and ranked individual topological indices
according to this evaluation. [6] This research, combined with trait databases, leads to a larger-scale
research in preparation [21].
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Figure 1. Larger nodes are dynamically more important, darker nodes are structurally more important.
According to our main hypothesis, the larger the darker is.

Ideally, it is clear the real dynamical behaviour should be simulated instead of using some proxy. This is
very hard to perform for large, real food web databases. We had to adapt our research plan and simulate
hypothetical, small networks. Beyond studying the above questions, we were also interested in comparing
single-species and pairwise in silico perturbation experiments [7]. We determined topological positions
where pairwise perturbations are additive or non-additive (either escalating or dampening, Figure 2). These
results depend on the actual community response function used, so we were looking also at comparing
different functions [19]. Very importantly, instead of trying to rank individual indices for predictability, it is
also possible to use machine learning techniques and evaluate many possible combinations of k indices,
how do these correlate with dynamical importance simulated in this modelling framework [18].
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Figure 2. Additive effects around the line, non-additive effects are further.

A new direction of research, motivated by earlier studies in social network analysis, is to focus on the
centrality of groups of nodes in networks. The key idea here is that the most central nodes can have similar,
overlapping neighbourhood in a network, so, in a structural sense they mutually decrease each other’s
importance. If one is deleted, then the other one can maintain the structure (and, partly, also functioning).
Thus, if k nodes can be deleted from the network, in order to maximize the damage to connectivity, the best
solution is not to delete the k most central nodes in the centrality rank list of nodes, based on individual
centrality values. Instead, there can be another set of k nodes whose deletion is worst for connectivity.
Turning this argument upside down, in order to protect the connectivity of the network, we may maintain k
nodes, in order to maximize connectivity, other than the k most central odes in the network.

First we tested this approach on spatial networks, habitat connectivity networks of forest patches,
inhabited by several bird species. We adapted the methodology and quantified the solutions for various k
values, for several species and for two kinds of approaches. We have found that protected areas are far from
being optimally chosen, at least from this perspective [2, 4].

The same approach was applied to food webs. Here, the question is similar: which set of k species
are the mostly central one in the network. If structure is relevant to functioning, then this approach can
contribute to a more efficient and more predictable systems-based conservation management — in the future.
We studied a large number of networks and the results are partly published [5, 8, 12], partly still in
preparation [20]. The main result here is that for k = 3, we generally find three species, being connected, at
different trophic levels. This means that a core food chain can be found in many food webs, and protecting
this food chain can be a very efficient way to maintain the integrity and the functioning of the ecological
community (Figure 3).

Figure 3. A core food chain.



Another old but still highly relevant issue is the aggregation of trophic data, i.e. how to represent trophic
relationships, how the nodes of trophic networks should be defined. Every result of food web research,
based on real data, is a function of the aggregation process, since various algorithms produce various
networks. We used aggregation research to better interpret existing and missing data in the case of a real
food web [3], and consideing the merits of trait-based approches [10], we also made research on comparing
mathematical and trait-based aggregation algorithms [9]. A perspective for further research is to study
highly-resoluted networks of microorganisms, at aggregation levels lower than ever in the literature [14].
This could provide a lot of information about processes never studied before in food webs (most food webs
ave extremely high aggregation levels, especially at lower trophic levels).

One application of food eb research is the systemic description and monitoring of ecological processes [16].
We used a network analysis for describing succession and regime shifts in marine kelp forests.

Ecological models offer predictions that can or cannot be useful and applicable. For a more predictive and
more applicable food web research, it is very much needed to test the results. This is not easy in the case of
multispecies systems but the new mesocosm experimental facility at our Institute will offer this possibility.
We performed some preliminary analysis on food web research in mesocosms [17].

As side-branches of our main research line, we studied the large-scale, global network structure of bipartite,
plant-pollinator networks [11, 15] and social networks of marmot groups [13]. Checking and testing
additional applications of network analysis always enrich the main research line, by offering alternatives
and further inspirations.
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