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Introduction
For ecologists, networks are an extremely useful tool for
representing trophic interactions between organisms. For
example, in a de�ned ecosystem, networks can be
conveniently analyzed by determining centrality which is a
way to measure a node’s importance. However, some forms
of centrality, such as degree centrality, and pagerank
centrality all have di�erent shortcomings. Degree centrality
only focuses on neighboring nodes, which in a food network
means possibly neglecting how well connected a node’s
neighbors are. PageRank centrality ignores spammers,
which are important because they serve as consumers/food
for many other organisms and should not be discounted.
Therefore, in this project we attempted to analyze food
networks using motif centrality which counts the presence
of motifs, or smaller subgraphs of nodes that represent
speci�c patterns of interaction between species. This way, a
species importance to its ecosystem is based on how many
relationships would be a�ected if it were removed.

Figure: Example of In-Out Wedge

Motif Centrality

Motif Centrality
• node is important if it has both incoming and outgoing
connections
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Figure: Motif Centrality Graph of St. Marks National Wildlife Refuge,
Florida (node size represents centrality)

Established Centrality Measures

Pagerank Centrality
• node is important if highly linked
• node is important if linked to other highly linked nodes
that don’t overlink
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• A is the adjacency matrix, connections are directed
• � is a number between � and �
• P is a normalized adjacency matrix who’s columns sum to �

Figure: Pagerank Graph of St. Marks National Wildlife Refuge, Florida
(node size represents centrality)

Degree Centrality
• node is important if there are many edges
entering/leaving

xi = �n
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Figure: Degree Graph of St. Marks National Wildlife Refuge, Florida
(node size represents centrality)

Methods and Results
Methods
•We implemented our approach using Julia
• Parsed the raw data into adjacency matrices
• created functions to implement measures of centrality
• Examined the �� highest species for each centrality:

Degree PageRank Motif
� Benthic C. Phytoplankton Benthic C.
� Shrimps Detrius Crabs
� Crabs M&M Zooplankton Shrimps
� Benthopelagic C. Shrimps Benthopelagic C.
� S.D �shes Suprabenthos S. D. Fishes
� Sharks Macrozooplankton Flat�shes
� D. Piscivores Benthic C. Demersal �shes
� Flat�shes S. B. Fishes R. Shrimp
� Demersal �shes B. Invertebrates FDS Juvenile hake
�� Suprabenthos Bivalves B. Invertebrates

Table: Centrality Rankings FW-���

• Computed the Spearman rank correlation coe�cient to
determine the similarity among the rankings:

Figure: Rank Correlation for Cadiz, Spain(FW-���)

Conclusion
The goal of this research project was to determine if motif
centrality is a viable method of classifying the importance
of nodes in a directed network. Looking at the St.Marks
National Wild refuge ecosystem, motif centrality provides a
more uniform distribution of node weights. By comparison
the node size distributions for degree and pagerank are
both skewed towards small values with pagerank having
sharp peaks at several nodes. When observing their
rankings we noticed that the ten highest ranked species for
the di�erent centralities also feature some overlap but are
still noticeably di�erent, indicating motif centrality has
viability compared to established centrality measures.
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