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The importance of species and their interactions has been

the focus of analysis due to their role in maintaining biodi-

versity and ecosystem functioning. Ecosystem interactions

are inherently multidimensional and quantifying such mul-

tifunctionality is a major challenge nowadays [1]. How-

ever, the identification and quantification of keystone species

from a holistic multifunctional perspective remain unknown

[2]. To our knowledge, only one study has estimated the

weight of edges between layers by quantifying the role of

the same individual in two ecological processes [3].

Here, we bridge this gap by developing a framework for

data standardizion and post-processing analysis via mathe-

matical modeling, inspired by the resource (plant species)

-consumer (animal/fungi species) paradigm. We apply such

framework by focusing on six ecological functions and capi-

talize on an unprecedent sampling effort based on direct ob-

servations on the islet Na Redona in the Balearic Islands,

in Mediterranean Sea, that encomparses 1537 weighted in-

teractions between 695 plant, animal/fungal species. Incor-

porating the functional dimension, the complete relational

dataset is formalized in terms of a rank-3 tensor that we call

the Resource-Consumer-Function tensor (RCF).

We interpret the architecture of this tensor as a weighted,

multipartite, multilayer network and visualise it as a multi-

partite edge-colored weighted network (Figure 1). The net-

work displays two types of nodes: resources and consumers,

with interactions (links) taking place between groups but no

direct intragroup links. Each layer of the network represents

a specific function and the strength of each interaction is

represented by a link weight that measures the fraction of

plants of the species that has been observed participating in

the function. Consumers (animals, fungi) are often centered

around a single plant species and thus form clusters.

A first question worth addressing is to quantify the re-

lationship between the resources of the ecosystem and the

functions the system embodies. This is achieved by integrat-

ing out the consumer index and thereby building a Resource-

Function Matrix (RFM), which is the adjacency matrix of

our Multifunctional Ecological Network. The nested pat-

tern observed suggests the existence of both multifunctional

species and multispieces function keystoness, a new concept

we coined here. Just as keystone species encode, among

other properties, robustness and resilience of entire commu-

nities the response of the ecosystem to disturbances may also

occur in the functional dimension.

To further understand the multifunctional species key-

stoneness and the role of plant species as ecosystem assem-

blers, we project the RFM into the function class and ex-

tract a Function-Function Interaction Network (FFIN). We

quantify the ecosystem robustness against perturbations (ex-

tinctions) of plant species by sequentially pruning edges in

FFIN. Additionally, we rank plant species, based on their

multifunctional keystoneness, by conditioning the FFIN to

each single plant species and rank based on the specific role

of resources as brokers of functions.

The dual concept of function keystonness can be ad-

dressed by following a similar mathematical manipulation:

initially starting again from RFM we project now on the

plant class and thus construct a Resource-Resource interac-

tion network. We address two complementary questions: (i)

how robust is the ecosystem against perturbations of func-

tions? And (ii) how to quantify the heterogeneous roles and

impacts of each function in the ecosystem?
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Fig. 1. Network visualization of the Resource-Consumer-
Function tensor from the Na Redona dataset. The RCF is com-
posed of two groups of nodes: (resource) plant species (labeled)
and (consumers) animal/fungus species. Node and edges colors ac-
count for plant species (green) and animal/fungus species accord-
ing to the functional interaction type. The sizes of plant-nodes rep-
resent their observed abundance. Edges represent function connec-
tions and their widths quantify the weight of interaction. Species
are clustered via Infomaps community detection algorithm.
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