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Abstract 

Understanding the robustness and resilience of ecological networks is key to 

managing ecosystems and mitigating biodiversity loss. Simple models of network 

robustness simulate species losses across ecological networks but lack physiological 

realism, asserting that species persist if they interact with another organism. This 

neglects the nutritional consequences of resource loss and nutrition as a key driver of 

interactions. Defining how nutrition drives the robustness of ecological networks 

requires a fundamental understanding of how nutrition drives fitness, which nutritional 

geometry offers. 

Here, we discuss the potential for bridging nutritional geometry and network ecology 

to define the thresholds for nutrition-mediated secondary extinctions in networks and, 

subsequently, nutritional network robustness. Through this integration, nutritional 

status can be quantified across scales, from individuals to ecosystems. Network 

rewiring in this context provides a mechanistic basis for predicting shifts in trophic 

interactions and their subsequent implications for energy and nutrient flow. We present 

a framework that integrates nutritional geometry and network ecology by combining 

individual-based geometric approaches with broader network-based analyses, which 

is currently underexplored. Our hope is that this can advance collaboration across 

nutritional geometry and network ecology to enhance our understanding of how 

nutrition drives the structure and health of ecosystems. 
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Introduction 

Network ecology can characterise complex biological systems by employing graph 

theory and other mathematical concepts to quantify the structural properties of biotic  

interactions across space and time (May, 1972; Montoya et al., 2006). Ecological 

networks are usually constructed based on empirical field data describing ecological 

interactions such as predation, collected using methods ranging from direct 

observation to DNA-based detection (Bascompte, 2007; Cuff et al., 2022). In these 

ecological networks, nodes, which can represent a diversity of ecological elements 

(e.g., individuals, species, functional groups, ecosystem services; Dee et al., 2017; 

Lau et al., 2017; Proulx et al., 2005), are connected by links which represent the 

ecological interactions themselves (e.g., herbivory, mutualism, predation, parasitism 

and competition). These networks typically represent species, with the links between 

them most often indicating the flow of resources via feeding (Montoya et al., 2006). 

The aim of constructing these networks is to represent the complexity of interactions 

underway in an ecosystem and how they are structured, with an expectation that this 

representation is accurate, but rarely if ever totally complete (Jordano, 2016).  

A key property of networks is their ‘robustness’ to the loss of species, quantified as the 

number of ‘secondary’ extinctions that an initial, ‘primary’ loss incurs (i.e., nodes lost 

as a result of losing their resources; Bascompte, 2009; Kaiser-Bunbury et al., 2010; 

Staniczenko et al., 2010). Predicting how ecological networks respond to loss, 

particularly through trophic cascades and eventual ecosystem collapse, is particularly 

valuable for prioritising conservation actions and managing ecosystem functions 

(Canning & Death, 2017; Petsopoulos et al., 2021). Classic models of robustness 

have, however, been based solely on whether affected species retain any observed 

interactions with any other resource node in the network (Dunne et al., 2002; Kaiser-



Bunbury et al., 2010; Memmott et al., 2004; Olesen et al., 2008). The loss of a resource 

could result in its consumers switching resources, represented in networks through 

‘rewiring’, which is the capacity for consumer nodes to connect to novel resources to 

mitigate their loss of interactions and to persist within the ecological network. 

Consumers may otherwise simply lose that resource interaction, with potentially 

negative physiological consequences. Current robustness analyses neglect these 

consequences, therefore lacking physiological realism and neglecting the prevalent 

nutritional and, ultimately, fitness consequences of resource changes, potentially 

overestimating network robustness (Cuff, Evans, et al., 2024). It is vital that we can 

understand and predict rapidly changing ecological networks under multiple stressors, 

including climate change and biodiversity loss, which threaten the stability of 

ecosystems (Ward et al., 2026; Woodward et al., 2010). 

A nutritional perspective on ecological networks considers how nutrients flow through 

ecosystems and how these nutrients structure interaction networks (Cuff, Evans, et 

al., 2024). By weighting links in a network according to  the relative transfer of nutrients 

between resources and consumers (i.e., nutrient intake), the structure of networks can 

be viewed through the lens of nutrient flow. This can elucidate mechanisms that 

structure ecological interactions across levels of biological organisation, from 

organism-level processes like nutrient-specific foraging (Cuff, Tercel, et al., 2024; 

Mayntz et al., 2005) to ecosystem-level properties like nutrient limitation and/or dilution 

(Kaspari & Welti, 2024; Kearney et al., 2010). Importantly, revealing how nutrition 

could determine network robustness requires a basic understanding of how nutrition 

drives the fitness of individuals within those networks, which is not available from 

ecological nor nutritional networks themselves. Other analytical frameworks, including 



nutritional geometry, can offer this information (Krabbe et al., 2019; Moatt et al., 2019; 

Raubenheimer et al., 2009).  

The geometric framework of nutrition (GFN) is a quantitative multidimensional 

framework for understanding how animals balance their intake of multiple nutrients 

simultaneously, extending beyond traditional single-nutrient studies (Raubenheimer & 

Simpson, 1993; Simpson et al., 2004; Simpson & Raubenheimer, 1993, 2012). 

Nutritional geometry studies often assess how the performance of populations is 

affected by specific nutritional conditions or how those populations navigate nutritional 

choices and trade-offs, directly linking nutrition to fitness (Harrison et al., 2014; 

Simpson & Raubenheimer, 2012). The disparity between ecological interaction 

studies, which typically concern communities, and nutritional geometry, which typically 

concerns populations, has been acknowledged. Frameworks based on agent-based, 

state-space and multi-scale modelling of nutrition have been proposed to overcome 

this (Simpson et al., 2010), but these are complex and computationally demanding, 

and progress has been slow. Senior et al. (2016) used a similar approach to 

demonstrate the importance of nutrition for the structure of social interactions, for 

example. Ultimately though, the integration of nutritional geometry into ecological and 

nutritional networks for the analysis of nutritional network robustness requires the 

development of a bespoke approach. 

Here, we propose a novel framework to quantify nutritional network robustness across 

dimensions of nutritional variation and scales of biological organisation. We highlight 

the methodological process required to bridge nutritional networks and nutritional 

geometry, the data requirements and the constraints imposed by this approach, 

alongside future pathways to addressing these constraints. Moreover, we outline how 

this can be extended through the inclusion of network rewiring, here determined based 



on the nutritional feasibility of those interactions (i.e., fulfilment of consumer nutritional 

niches). We also discuss the need for increased collaboration between nutritional 

ecologists and network scientists to unlock the full potential of nutritional network 

robustness analysis. We focus on bipartite networks in which the simulated removal 

of resources can trigger consumer secondary extinctions, but the concept could also 

be applied to more complex networks without strict consumer and resource groups. 

By quantifying nutritional network robustness, we offer a physiologically grounded 

framework for predicting future ecological interactions and identifying ecosystems 

vulnerable to collapse that may benefit from conservation management.   

 

 
Figure 1: The mechanism by which nutritional network robustness can be determined. 
With the simulated removal of a node in the network, the proportional nutrient intake 
of its consumers will change. If nutrient intake proportions, represented by the 
interactions that consumer is observed engaging in, exceed the minimum and 
maximum proportion of any one nutrient, the fitness or survival of that node is 
considered to be compromised, resulting in its secondary extinction. Through iterative 
simulated removal of different nodes, and different numbers of nodes, the vulnerability 
of the network to secondary extinctions can be quantified. Created in BioRender. 
https://BioRender.com/gl8ywts 
 



The conceptual underpinnings of nutritional network robustness 

At its core, our concept of nutritional network robustness describes the resilience of 

nutritional balancing in an ecosystem following the loss of its organisms (species, taxa 

or individuals, depending on the network). Following the simulated loss of resources 

in a network, two scenarios are possible: i) a consumer maintains interactions with 

resources that fall within its nutritional niche and persists in the network; or ii) where 

the loss of resources cause a consumer's nutritional intake to fall outside its nutritional 

niche (i.e., the long-term fitness of that consumer is compromised), the consumer is 

considered a secondary extinction and is lost from the network (Figure 1; but see 

section on ‘rewiring’ below). The rate of secondary extinctions proportional to the 

primary removal of nodes in the network determines the robustness of the nutritional 

network (as in existing measures of ecological network robustness; Ávila-Thieme et 

al., 2023; Keyes et al., 2024). In essence, using this framework, we can predict how 

resilient the flow of nutrients through an ecosystem is to perturbation and biodiversity 

loss based on the ability of its consumers to meet their nutritional needs following 

resource loss.  

Whilst the concept is relatively intuitive, the analysis is more complex. In order to 

assess the robustness of a nutritional network, we need three datasets: (i) the 

interaction network of organisms within the focal system; (ii) the nutrients transferred 

in those interactions (for which resource nutrient content and the frequency of 

interactions can be used as a proxy); and (iii) the consumer’s nutritional niche (i.e., the 

optimal proportion of nutrient intake that maximises fitness and therefore persistence 

in the network). The nutritional network concept has so far successfully integrated 

components (i) and (ii) (Cuff, Evans, et al., 2024), but (iii) is somewhat more insidious 

within the context of field ecology, where these networks are most useful. The 



consumer’s optimal nutritional niche can, however, be derived from experimental work 

undertaken within various frameworks, among which nutritional geometry is arguably 

the most developed and applicable (Raubenheimer et al., 2009; Simpson & 

Raubenheimer, 2012). 

By quantifying shifts and trends in the balance of nutrients animals seek, the GFN 

allows exploration of the behavioural, physiological and broader ecological drivers of 

this balance, but also how animals navigate trade-offs and translate nutrition into 

performance (e.g., fitness, growth, reproduction; Fanson et al., 2009; Lee et al., 2008; 

Morimoto & Lihoreau, 2019; Rapkin et al., 2018; Simpson et al., 2004). Central to GFN 

is the ‘intake target’ of a consumer, which is the balance of nutrients required to 

optimise fitness or an alternative performance metric (Simpson & Raubenheimer, 

1993, 1995), and the ‘rules of compromise’, which determine how organisms will 

prioritise intake when their intake target cannot be reached. Together, these 

measurements comprise the optimal nutritional niche and the fitness consequences 

of falling outside of it.  

The intake target of a given species may change drastically depending on life stage 

(Boggs, 2009), reproductive cycle (Ashworth et al., 2009), seasonality (Irwin et al., 

2015), locality (Zanco et al., 2025), metabolic rate (Huey & Kingsolver, 2019), 

developmental environment (Zanco et al., 2026) and other factors which impact the 

nutritional needs of individuals. Surrounding this is the wider nutritional niche, which 

defines the limits beyond which dietary intake may deleteriously compromise long-

term fitness or survival of the consumer and therefore their persistence (Machovsky-

Capuska et al., 2016). Within nutritional geometry, this nutritional niche is often 

represented as a ‘performance landscape’ in which a ‘response surface’ represents 

the multidimensional nutritional space within which a consumer’s fitness varies with 



nutrient intake (Simpson et al., 2004). These data crucially provide the information 

necessary to define the nutritional proportions a consumer would require in order to 

remain in an ecological network (Shik et al., 2018, 2020). 

Animals rarely achieve their optimal intake target in natural systems (indeed, there is 

no singular ‘global’ optimal intake target since it can be defined based on different 

components of fitness that prioritise different nutrients). Nutritional deficiencies are 

continuously redressed through nutrient-specific foraging (Kohl et al., 2015; Mayntz et 

al., 2005), especially in generalist consumers, which are thought to remain in a 

nutritionally suboptimal state (Symondson et al., 2002). Nutritional geometry studies 

are typically conducted in controlled ex situ feeding trials, where a range of artificial 

food mixes can be formulated and their intake can be directly observed (Simpson & 

Raubenheimer, 1995). The focus on the quantities consumed in such feeding trials 

has, however, focused nutritional geometry particularly on lab-based studies, whereas 

direct translation of these workflows and their results to field-based studies is difficult, 

particularly due to difficulties in measuring the quantities of nutrients consumed 

(Raubenheimer, 2011; Raubenheimer & Simpson, 2020). The development of 

analytical approaches which allow diets and resources to be represented as 

proportional nutrient mixtures irrespective of amounts when absolute nutrient intakes 

cannot be measured directly (Raubenheimer, 2011; Lynch et al. submitted) arguably 

provide a bridge between the estimation of nutritional niches and their maintenance in 

field-based ecological networks. 

By assessing the flow of nutrients between resources and consumers, our conceptual 

framework for nutritional network robustness builds upon the existing nutritional 

network concept. To assess alignment of nutrient intake with optimal nutritional niches, 

nutritional network robustness analyses will likely be most easily implemented by 



comparing the nutritional proportions of observed intake relative to the optima, rather 

than absolute quantities. The use of absolute quantities of nutrients could be 

integrated to assess the ability of consumers to meet their nutritional needs, but would 

require significant effort and data quality not typically possible for field studies. Direct 

observation of feeding in the field can miss cryptic interactions, and even molecular 

methods for detecting interactions (e.g., dietary metabarcoding) neglect nutritionally 

important contexts, like the life stages, tissue types and biomass of resources post-

consumption (Cuff et al., 2022). This, paired with difficulties inferring the nutrient 

content of the tissue consumed, and the lack of continuous data on interactions in the 

field (Lynch et al., 2025), can heavily skew estimation of the amounts consumed. 

Nutritional network robustness analysis would therefore most simply represent nutrient 

intake as 0-1 bounded proportions of the nutrients obtained from resources.  

 

A methodological framework for nutritional network robustness analysis 

We propose a multi-stage workflow that can be used to achieve our vision of nutritional 

network robustness analysis, split into four discrete phases: (i) field surveys (Figure 

2A); (ii) post-hoc laboratory analyses (Figure 2C); (iii) ex situ experimentation (Figure 

2D); and (iv) data integration and analysis (Figure 2B, E, F). 

 



 
Figure 2: A proposed workflow for quantifying nutritional network robustness. 
Ecological interactions must first be detected or observed (A) in order to construct an 
ecological network (B). The resource nutrient content can then be determined (or, 
ideally, consumer nutrient intake/uptake; C) to construct a nutritional network in which 
interactions are modulated by nutritional proportions (E). Optimal nutritional niche 
thresholds can then be determined for each consumer based on the effects of different 
proportional nutrient intakes on fitness or survival (and thus their persistence in the 
network; here, represented by a constrained equilateral mixture triangle; D). These 
thresholds can be used to determine secondary extinctions following simulated 
removal of nodes within the network (Figure 1; F). It is expected that this will present 
a less conservative measure of network robustness given that research quality as well 



as loss will drive secondary extinctions. Created in BioRender. 
https://BioRender.com/gl8ywts 
 

The field survey component of this workflow can largely mirror any existing approach 

to ecological network construction, often involving direct observation or remote 

sensing of ecological interactions (Cuff et al., 2022; Dawson et al., 2026), or post-hoc 

molecular or isotopic analyses (Mata et al., 2021; Wise et al., 2006). To complete 

nutritional network construction, the transfer of nutrients between resources and 

consumers must be quantified. Resource nutrient content can closely align with 

consumer nutrient intake (Wilder et al., 2019) and may be much more convenient to 

determine in most field contexts (Cuff et al., 2021), especially when interactions are 

cryptic. This, so far, mirrors the workflow required for nutritional network analysis (Cuff, 

Evans, et al., 2024).  

The extension of the nutritional network concept to address robustness then requires 

integration of optimal nutritional niches based on the proportions of nutrients that a 

consumer requires to achieve optimal fitness (i.e., through which they can persist 

within the network). These optimal nutritional niches are multidimensional (i.e., 

dimensions = nutrients) and can be derived from nutritional geometry (Machovsky-

Capuska et al., 2016). Using empirical no-choice ex situ feeding trials for each 

consumer in the network, it is possible to determine the intake target of each 

consumer, and the nutritional niche breadth that they can occupy without encountering 

deleterious fitness effects that would impact their ability to persist in the network long-

term (Simpson et al., 2004; Simpson & Raubenheimer, 1995; Shik et al., in press). 

The observed nutrient intake of consumers in the field (their realised nutritional niche) 

will usually represent different proportions within this fundamental nutritional niche 

(i.e., the range of nutrient balances a consumer can persist on). Where it is difficult or 



impossible to conduct these feeding trials for all consumer nodes in a network, it is 

likely that some inferences can be made based on phylogenetic relationships 

(Morimoto, 2024). This phylogenetic approach does, however, demand caution since 

physiology and phylogeny can diverge (Shik & Dussutour, 2020), and changes in 

resource nutrient content and consumer requirements (e.g., under climate change) 

might decouple historical associations based on relatedness, resource quality, 

consumer traits and performance (Zanco et al., under review).  

Once the nutritional niches of consumers are known, their estimated nutrient intake  in 

the field can be compared to their niches to ascertain whether the baseline network 

satisfies the nutritional niches of the consumers. It is expected that the nutrient intake 

of most consumers will already exist within their nutritional niche. If consumers fall 

outside their nutritional niches in the empirical network, this may indicate that the 

consumers sampled were redressing nutritional deficits (which may be addressed 

through more sampling of individuals with different recent feeding histories), that they 

are already in a suboptimal state of fitness (which could indicate an ‘extinction debt’) 

or that there are limiting nutrients that they are unable to sense or access, all of which 

may reduce nutritional network robustness sharply. Many of these problems may be 

common in individual-level networks, but less prevalent when aggregating interactions 

across individuals within populations, which is likely to generate a more holistic and 

stable interpretation of realised niche.  

Before any robustness analyses, the difference between the consumer’s intake target 

and the nutrients available to them can be used to quantify their ‘nutritional fit’ (i.e., the 

likelihood of the consumer meeting its intake target by chance within the studied 

network) and their ‘nutritional vulnerability’ (i.e., the inverse of nutritional fit - the 

likelihood of the consumer failing to satisfy their nutritional niche within the studied 



network), both of which could be estimated through integration with prey availability-

based null network models (e.g., ‘econullnetr’; Vaughan et al., 2018). At its simplest, 

this would require several assumptions to be made, including that all resources are 

accessible (e.g., biomechanically) and findable (e.g., recognisable cues), although 

constraints could be imposed on simulations based on empirical or theoretical 

compatibility data. Complementarity analyses could be used alongside robustness 

analyses to compare the nutritional landscape (i.e., the breadth and relative 

abundance of available resources) to consumer nutritional niches across extinction 

simulations for each consumer. A dissimilarity metric (e.g., Euclidean distance) 

comparing nutritional landscapes and niches might highlight how easily compromised 

a consumer’s complementarity to the nutritional landscape is. Similarly, inspecting how 

the removal of each resource taxon impacts these metrics may identify which taxa 

disproportionately shape the nutritional landscape. This is most likely for those 

resources with proportional nutrient contents at the periphery of the nutritional 

landscape, the loss of which may prevent consumers reaching some nutrient intake 

proportions (C. Lynch et al., 2025). 

Nutritional network robustness can be quantified by randomly (or non-randomly; e.g., 

by order of connectance to establish ‘best’ and ‘worst’ case scenarios) simulating the 

removal of nodes (beginning with one, but increasing the number of nodes lost 

iteratively until all nodes are removed). With each simulated removal, the nutrient 

intake of each consumer will be updated, and this simulated nutrient intake can be 

compared against that consumer’s nutritional niche to determine whether they would 

maintain fitness and persist in the network. Where a consumer is unable to maintain 

optimal fitness, it would be considered a secondary extinction, and would therefore be 

removed from the network. The number of secondary extinctions relative to primary 



extinctions across iterative permutations of different resource loss sequences can then 

be used to determine nutritional network robustness based on the normalised area 

under the extinction curve (i.e., how readily secondary extinctions occur following 

primary extinctions). This comparison of primary and secondary extinctions is standard 

for other ecological network robustness analyses. In most cases, a robustness value 

of 1 is considered a highly robust network, whereas a value of 0 is deemed highly 

fragile (although value ranges will differ across approaches).  

 

Extending nutritional network robustness through rewiring 

Whilst understanding the robustness of nutritional networks will be key in highlighting 

the capacity of ecosystems to support the persistence of their extant fauna, foraging 

processes are not static (Bartley et al., 2019; Marjakangas et al., 2025; Vizentin-

Bugoni et al., 2020). Some consumers may respond to nutritional change 

reproductively; for example, social bees may produce more workers in response to 

nutritional changes (Kaluza et al., 2018; Zheng et al., 2014). Others may extend their 

foraging ranges to seek alternative resources (Covich, 1976; Owen-Smith et al., 2010). 

Many consumers will, however, redress nutritional deficits through compensatory 

feeding (i.e., nutrient-specific foraging; Kohl et al., 2015; Mayntz et al., 2005), prey 

switching is an expected outcome of the loss of species within a network (Bergerud, 

1983). Networks will therefore ‘rewire’ (i.e., change structure through redistribution of 

interactions) in response to perturbation (Ward et al., 2026). Importantly, this may not 

solely be the redistribution of interactions to novel resources (i.e., expansion of their 

trophic niche), but also the more intensive use of existing resources (i.e., ‘re-weighting’ 

of links within the network), especially if those resources are readily available and 

generally nutritionally balanced or complementary to most of the consumer’s other 



resources. This may, however, incur deleterious effects, such as excessive 

consumption of plant secondary compounds, which could limit the potential for re-

weighting, or, alternatively, lead to increased specialisation towards specific resources 

and/or selective pressure on key detoxification pathways (Zanco et al., under review).  

 

 



Figure 3: A proposed workflow for the simulation of nutritional network rewiring 
following resource loss in robustness analyses. Following identification of potential 
secondary extinctions during the first phase of nutritional network robustness analysis 
(Figure 1, Figure 2; A), all of the resources available and accessible to consumers 
facing secondary extinction should be identified (i.e., its fundamental Eltonian niche, 
defined by the probability of interaction based on morphological and ecological traits 
or known interactions; B). Based on whether these resources can rebalance the 
consumer’s nutrient intake to a range within its nutritional niche, these resources can 
be considered viable for rewiring (C, D). If sufficiently available, it is intuitive that 
consumers will intensify use of resources they already interact with (E), unless there 
are potential associated deleterious effects (e.g., toxins). This will more dynamically 
represent the robustness of nutritional networks by accounting for resource switching 
through a physiologically-grounded approach (F). Created in BioRender. 
https://BioRender.com/gl8ywts 
 

Rewiring provides a more conservative measure of network robustness, leading to 

greater-than-expected robustness by accounting for interaction switching (Timóteo et 

al., 2016). In the context of nutritional networks, rewiring could be incorporated into 

robustness estimates by allowing each ecological interaction with an extinct resource 

to be redistributed to an alternative resource (i.e., mechanistically, a standard 

approach to rewiring), ideally based on the availability of resources to the consumer. 

By fixing the degree of each consumer based on the empirical network, the number of 

interactions should remain realistic, although more open-ended approaches may 

represent more dynamic changes to ecological networks. The resources to which 

interactions can be redistributed should be based on the broader fundamental Eltonian 

niche of the consumer, taking into account not only nutrition, but also the broader 

feasibility of the interaction based on foraging behaviour (Michalko et al., 2021; 

Semenyuk & Tiunov, 2019), morphology (Brose et al., 2005, 2019), biomechanics 

(Cuff, Labonte, et al., 2024) and other potential interaction constraints. Such data are 

readily available from some open-source databases (e.g., Pekár et al., 2021; Ridgway 

& Wesner, 2025), but may otherwise require additional study to parameterise. By 

filtering potential interactions to those resources that would maintain a nutrient intake 



within the consumer’s nutritional niche (and randomly assigning interactions if multiple 

resources satisfy these criteria), physiologically-informed network rewiring could be 

used to generate a potentially more realistic measure of nutritional network 

robustness. Crucially, this could be used to predict likely interactions following 

perturbation, with significant value in conservation and biodiversity management. 

Similarly, and separately, these rewiring rules could be used to predict the interactions 

of consumers in entirely new environments, such as invasive species upon first 

arriving at a new location, or the reintroduction of a taxon to a region where it has 

become locally extinct. 

Rewiring of nutritional networks will likely reflect the nutritional redundancy of 

resources within a network. If many resources overlap in their nutrient content, the 

loss of one or few such resources is unlikely to result in many secondary extinctions if 

those interactions can be rewired to nutritionally similar resources. This may align with 

the phylogenetic relationship between resources in the network, with closely related 

taxa likely sharing similar ecologies, nutritional profiles, and, indeed, optimal intakes 

(Burns & Strauss, 2011; Morimoto, 2024; Simpson & Raubenheimer, 1993; although 

life stage differences will also introduce variation; Raubenheimer et al., 2022; Wilder 

& Eubanks, 2010), but also possibly being similarly vulnerable to extinction (González-

del-Pliego et al., 2019; Verde Arregoitia et al., 2013).  

If there are few resources particularly rich in specific nutrients, their loss may be 

difficult, if not impossible, to substitute nutritionally through redistribution of that 

interaction to alternative resources; for example, if the only lipid-rich resource in the 

network is lost, a consumer may not be able to redress this balance through feeding 

on the otherwise lipid-poor resources available. This could be used to identify nodes 

with significant leverage over the robustness of nutritional networks (and therefore 



potential conservation or management targets). In such cases, interaction with a 

greater number of resources could redress the incurred nutritional imbalance, but this 

may create unrealistically high node degrees for consumers. More complex models of 

network rewiring could, in such cases, allow for redistribution of interactions with extant 

resources to redress any imbalances, leading to more widespread rewiring of networks 

and potentially cascading impacts to competition and predation pressure; for example, 

following the loss of a protein-rich resource, a consumer’s existing interactions with 

protein-poor resources may be rewired to more balanced resources. This would 

potentially enhance our understanding of complex community-wide nutritional 

dynamics and their interactions with fitness and physiology. 

 

Conclusions 

Understanding how nutrition determines the stability of ecological networks and wider 

ecosystems would represent a significant advance to our understanding of community 

ecology, biodiversity loss and ecosystem collapse. The framework we have suggested 

could provide this insight, but crucially requires the bridging of network science and 

nutritional geometry. Through this integration, the fitness and physiology of individual 

organisms can be related to the structure of interaction networks to determine the 

capacity of ecosystems to support the persistence of their extant fauna. Importantly, 

this same framework could be used to assess how the changing prevalence of 

antinutrients (i.e., toxins such as plant secondary metabolites; Zanco et al., under 

review) similarly impacts the persistence of nodes and the robustness of ecological 

networks. Through increased collaboration between network ecologists and nutritional 

geometrists, but also increased accessible and open sharing of data within these 

domains (Morimoto & Lihoreau, 2020), this framework can be readily implemented to 



a range of contexts and systems, offering valuable insight into the resilience of 

ecosystems to biodiversity loss and wider perturbations. 
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