Supporting Figure 1: Possible, non-mutually exclusive patterns of bipartite network associations between bacterial Amplicon Sequence Variants (ASVs) and meerkats (adapted from Strona & Veech, 2015). A ‘nested’ structure (A) would indicate a gradient of bacterial species richness, i.e. widespread abundance of many bacterial ASVs across many meerkats with just a few ASVs that occur in subsets of meerkats. On the other hand, (B) a ‘modular network’, or in an extreme case a (C) ‘segregated network’ would indicate that specific bacterial ASVs would be associated with distinct groups of meerkats (B), or even exclusively with individual meerkats (C), suggesting the presence of separate subgroups of bacterial communities.
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negative effect of A on B. Extended to the whole network, this



scenario implies that each node pair could benefit (i.e. have a



reduced chance of extinction) from sharing as many neigh-



bouring nodes as possible. This gives the network a nested



structure; that is, the set of neighbours connected to any node



is a subset of the set of neighbours connected to any node with



higher degree (Atmar & Patterson 1993; Kondoh, Kato & Sa-



kato 2010; Johnson,Dominguez-Garcia&Munoz 2013; Stani-



czenko,Kopp&Allesina 2013).



Several authors have suggested that a nested structure can



promote network stability and persistence (Bastolla et al.



2009; Th!ebault & Fontaine 2010). The coexistence of numer-



ous interacting species might be obtained if the species are all



part of a highly stable and primarily mutualistic network



(Montoya, Pimm&Sol!e 2006). Although these hypotheses are



mostly speculative, they have been used as the basis for a grow-



ing corpus of literature that is currently trying to explain why



ecological networks are nested (Rohr, Saavedra & Bascompte



2014). Apart from nestedness, there are other network struc-



tures that could contribute to network stability. For example,



the presence of trophically based subwebs in a food web might



confer greater stability by isolating perturbations from the rest



of the web (Kondoh, Kato& Sakato 2010).



However, several authors (see, for example, Joppa et al.



2010; Johnson, Dominguez-Garcia & Munoz 2013) have



shown that the commonness of nestedness in ecological net-



works could be in part due by methodological issues, which



casts some shadows on the robustness of the observed patterns.



Here, we provide a new powerful statistical procedure (applica-



ble to both unimode and bipartite networks) that could help



clarifying this issue, and we use it to re-examine the structure



of a large set of ecological networks. Following previous stud-



ies (Almeida-Neto, Guimar~aes & Lewinsohn 2007; Fortuna



et al. 2010), we suggest that nestedness represents only one



potential outcome, since situations where nodes tend to share



few neighbours (herein referred to as segregation), or where



high node overlap can be identified within particular groups of



nodes (modularity), also constitute meaningful ecological pat-



terns (Podani & Schmera 2012; Podani, Jord!an & Schmera



2014).



Materials andmethods



It has been suggested that the average number of shared nodes is a nat-



ural measure of nestedness (Bascompte et al. 2003; Johnson, Domin-



guez-Garcia & Munoz 2013). This is consistent with the original



concept of nestedness (Patterson &Atmar 1986; Johnson, Dominguez-



Garcia & Munoz 2013; Staniczenko, Kopp & Allesina 2013) and with



the formulation of one of themost popular nestednessmeasures, that is



NODF (Almeida-Neto et al. 2008); in a perfectly nested pattern, each



pair of nodes always shares a number of neighbours equal to the degree



of the less connected node (Fig. 1a). In other words, the species with



lower degree is not linked to any species that the species with higher



degree is not also linked to. In any network, there is a finite number of



ways that nodes can be connected for a given number of links (connec-



tance) among the nodes. As such, combinatorics can be used to calcu-



late the expected amount of node sharing.



In the context of species co-occurrence, Veech (2013) has shown



how the expected number of shared localities between two species



can be computed analytically using simple combinatorics. The proba-



bilities given in Veech (2013) can also be obtained through the hyper-



geometric distribution as described recently in Griffith, Veech &



Marsh (2015). Here, we extend the probabilistic species co-occurrence



model of Veech (2013) to network node sharing wherein a neighbour



node is equivalent to a ‘site’, and the task is to determine whether the



two focal nodes (or species) ‘co-occur’ at or share a number of neigh-



bours that is different from the random (probabilistic) expectation.



This allows detection of cases where the number of neighbours



shared by two nodes is significantly greater or less than expected (Ve-



ech 2013 and Appendix S1). Therefore, for individual species pairs,



the probabilistic approach can distinguish significant node overlap



from significant node segregation (Fig. 1b,c). Moreover, this is



accomplished without having to create a randomized network for



comparison. In most other approaches (see below) to measuring net-



work structure, it is necessary to construct randomized networks



against which to compare the observed network. Furthermore, in



these other methods, the amount of node sharing (whether greater or



less than expected) is only assessed at the level of the entire network,



not individual species pairs. The probabilistic approach that we pro-



pose determines whether the observed amount of node overlap (shar-



ing) between a pair of nodes could be due to chance alone (Veech



2014). The probabilistic model of species co-occurrence (Veech 2013;



Griffith, Veech & Marsh 2015) has a historical predecessor in the



Raup–Crick metric of similarity (Raup & Crick 1979) in that both



approaches use combinatorics to analytically derive exact probabili-



ties. The main difference is that the Raup–Crick metric is applied to



test for non-random sharing of species among two assemblages (sam-



pling localities), whereas the former tests for non-random sharing of



sites by a pair of species. Further, at the time, Raup & Crick (1979)



did not recognize the link to the hypergeometric distribution,



although their metric has since been linked to that sampling distribu-



tion (Chase et al. 2011).



NODE OVERLAP AND SEGREGATION MEASURE ( Ɲ )



Given an undirected network having n nodes, for each pair of nodesVi



andVj having degree (i.e. number of neighbours), respectively, equal to



di and dj, relative node overlap can be quantified as:



xij ¼
Sij " Pij



! "



minðdi; djÞ
eqn 1



(a) (b)



(d)(c)



Fig. 1. Different network structural patterns. (a) nestedness; (b, c) seg-
regation; (d) modularity. Numbers represent network nodes, while
filled cells and arrows represent network edges.
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negative effect of A on B. Extended to the whole network, this



scenario implies that each node pair could benefit (i.e. have a



reduced chance of extinction) from sharing as many neigh-



bouring nodes as possible. This gives the network a nested



structure; that is, the set of neighbours connected to any node



is a subset of the set of neighbours connected to any node with



higher degree (Atmar & Patterson 1993; Kondoh, Kato & Sa-



kato 2010; Johnson,Dominguez-Garcia&Munoz 2013; Stani-



czenko,Kopp&Allesina 2013).



Several authors have suggested that a nested structure can



promote network stability and persistence (Bastolla et al.



2009; Th!ebault & Fontaine 2010). The coexistence of numer-



ous interacting species might be obtained if the species are all



part of a highly stable and primarily mutualistic network



(Montoya, Pimm&Sol!e 2006). Although these hypotheses are



mostly speculative, they have been used as the basis for a grow-



ing corpus of literature that is currently trying to explain why



ecological networks are nested (Rohr, Saavedra & Bascompte



2014). Apart from nestedness, there are other network struc-



tures that could contribute to network stability. For example,



the presence of trophically based subwebs in a food web might



confer greater stability by isolating perturbations from the rest



of the web (Kondoh, Kato& Sakato 2010).



However, several authors (see, for example, Joppa et al.



2010; Johnson, Dominguez-Garcia & Munoz 2013) have



shown that the commonness of nestedness in ecological net-



works could be in part due by methodological issues, which



casts some shadows on the robustness of the observed patterns.



Here, we provide a new powerful statistical procedure (applica-



ble to both unimode and bipartite networks) that could help



clarifying this issue, and we use it to re-examine the structure



of a large set of ecological networks. Following previous stud-



ies (Almeida-Neto, Guimar~aes & Lewinsohn 2007; Fortuna



et al. 2010), we suggest that nestedness represents only one



potential outcome, since situations where nodes tend to share



few neighbours (herein referred to as segregation), or where



high node overlap can be identified within particular groups of



nodes (modularity), also constitute meaningful ecological pat-



terns (Podani & Schmera 2012; Podani, Jord!an & Schmera



2014).



Materials andmethods



It has been suggested that the average number of shared nodes is a nat-



ural measure of nestedness (Bascompte et al. 2003; Johnson, Domin-



guez-Garcia & Munoz 2013). This is consistent with the original



concept of nestedness (Patterson &Atmar 1986; Johnson, Dominguez-



Garcia & Munoz 2013; Staniczenko, Kopp & Allesina 2013) and with



the formulation of one of themost popular nestednessmeasures, that is



NODF (Almeida-Neto et al. 2008); in a perfectly nested pattern, each



pair of nodes always shares a number of neighbours equal to the degree



of the less connected node (Fig. 1a). In other words, the species with



lower degree is not linked to any species that the species with higher



degree is not also linked to. In any network, there is a finite number of



ways that nodes can be connected for a given number of links (connec-



tance) among the nodes. As such, combinatorics can be used to calcu-



late the expected amount of node sharing.



In the context of species co-occurrence, Veech (2013) has shown



how the expected number of shared localities between two species



can be computed analytically using simple combinatorics. The proba-



bilities given in Veech (2013) can also be obtained through the hyper-



geometric distribution as described recently in Griffith, Veech &



Marsh (2015). Here, we extend the probabilistic species co-occurrence



model of Veech (2013) to network node sharing wherein a neighbour



node is equivalent to a ‘site’, and the task is to determine whether the



two focal nodes (or species) ‘co-occur’ at or share a number of neigh-



bours that is different from the random (probabilistic) expectation.



This allows detection of cases where the number of neighbours



shared by two nodes is significantly greater or less than expected (Ve-



ech 2013 and Appendix S1). Therefore, for individual species pairs,



the probabilistic approach can distinguish significant node overlap



from significant node segregation (Fig. 1b,c). Moreover, this is



accomplished without having to create a randomized network for



comparison. In most other approaches (see below) to measuring net-



work structure, it is necessary to construct randomized networks



against which to compare the observed network. Furthermore, in



these other methods, the amount of node sharing (whether greater or



less than expected) is only assessed at the level of the entire network,



not individual species pairs. The probabilistic approach that we pro-



pose determines whether the observed amount of node overlap (shar-



ing) between a pair of nodes could be due to chance alone (Veech



2014). The probabilistic model of species co-occurrence (Veech 2013;



Griffith, Veech & Marsh 2015) has a historical predecessor in the



Raup–Crick metric of similarity (Raup & Crick 1979) in that both



approaches use combinatorics to analytically derive exact probabili-



ties. The main difference is that the Raup–Crick metric is applied to



test for non-random sharing of species among two assemblages (sam-



pling localities), whereas the former tests for non-random sharing of



sites by a pair of species. Further, at the time, Raup & Crick (1979)



did not recognize the link to the hypergeometric distribution,



although their metric has since been linked to that sampling distribu-



tion (Chase et al. 2011).



NODE OVERLAP AND SEGREGATION MEASURE ( Ɲ )



Given an undirected network having n nodes, for each pair of nodesVi



andVj having degree (i.e. number of neighbours), respectively, equal to



di and dj, relative node overlap can be quantified as:



xij ¼
Sij " Pij
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Fig. 1. Different network structural patterns. (a) nestedness; (b, c) seg-
regation; (d) modularity. Numbers represent network nodes, while
filled cells and arrows represent network edges.
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negative effect of A on B. Extended to the whole network, this



scenario implies that each node pair could benefit (i.e. have a



reduced chance of extinction) from sharing as many neigh-



bouring nodes as possible. This gives the network a nested



structure; that is, the set of neighbours connected to any node



is a subset of the set of neighbours connected to any node with



higher degree (Atmar & Patterson 1993; Kondoh, Kato & Sa-



kato 2010; Johnson,Dominguez-Garcia&Munoz 2013; Stani-



czenko,Kopp&Allesina 2013).



Several authors have suggested that a nested structure can



promote network stability and persistence (Bastolla et al.



2009; Th!ebault & Fontaine 2010). The coexistence of numer-



ous interacting species might be obtained if the species are all



part of a highly stable and primarily mutualistic network



(Montoya, Pimm&Sol!e 2006). Although these hypotheses are



mostly speculative, they have been used as the basis for a grow-



ing corpus of literature that is currently trying to explain why



ecological networks are nested (Rohr, Saavedra & Bascompte



2014). Apart from nestedness, there are other network struc-



tures that could contribute to network stability. For example,



the presence of trophically based subwebs in a food web might



confer greater stability by isolating perturbations from the rest



of the web (Kondoh, Kato& Sakato 2010).



However, several authors (see, for example, Joppa et al.



2010; Johnson, Dominguez-Garcia & Munoz 2013) have



shown that the commonness of nestedness in ecological net-



works could be in part due by methodological issues, which



casts some shadows on the robustness of the observed patterns.



Here, we provide a new powerful statistical procedure (applica-



ble to both unimode and bipartite networks) that could help



clarifying this issue, and we use it to re-examine the structure



of a large set of ecological networks. Following previous stud-



ies (Almeida-Neto, Guimar~aes & Lewinsohn 2007; Fortuna



et al. 2010), we suggest that nestedness represents only one



potential outcome, since situations where nodes tend to share



few neighbours (herein referred to as segregation), or where



high node overlap can be identified within particular groups of



nodes (modularity), also constitute meaningful ecological pat-



terns (Podani & Schmera 2012; Podani, Jord!an & Schmera



2014).



Materials andmethods



It has been suggested that the average number of shared nodes is a nat-



ural measure of nestedness (Bascompte et al. 2003; Johnson, Domin-



guez-Garcia & Munoz 2013). This is consistent with the original



concept of nestedness (Patterson &Atmar 1986; Johnson, Dominguez-



Garcia & Munoz 2013; Staniczenko, Kopp & Allesina 2013) and with



the formulation of one of themost popular nestednessmeasures, that is



NODF (Almeida-Neto et al. 2008); in a perfectly nested pattern, each



pair of nodes always shares a number of neighbours equal to the degree



of the less connected node (Fig. 1a). In other words, the species with



lower degree is not linked to any species that the species with higher



degree is not also linked to. In any network, there is a finite number of



ways that nodes can be connected for a given number of links (connec-



tance) among the nodes. As such, combinatorics can be used to calcu-



late the expected amount of node sharing.



In the context of species co-occurrence, Veech (2013) has shown



how the expected number of shared localities between two species



can be computed analytically using simple combinatorics. The proba-



bilities given in Veech (2013) can also be obtained through the hyper-



geometric distribution as described recently in Griffith, Veech &



Marsh (2015). Here, we extend the probabilistic species co-occurrence



model of Veech (2013) to network node sharing wherein a neighbour



node is equivalent to a ‘site’, and the task is to determine whether the



two focal nodes (or species) ‘co-occur’ at or share a number of neigh-



bours that is different from the random (probabilistic) expectation.



This allows detection of cases where the number of neighbours



shared by two nodes is significantly greater or less than expected (Ve-



ech 2013 and Appendix S1). Therefore, for individual species pairs,



the probabilistic approach can distinguish significant node overlap



from significant node segregation (Fig. 1b,c). Moreover, this is



accomplished without having to create a randomized network for



comparison. In most other approaches (see below) to measuring net-



work structure, it is necessary to construct randomized networks



against which to compare the observed network. Furthermore, in



these other methods, the amount of node sharing (whether greater or



less than expected) is only assessed at the level of the entire network,



not individual species pairs. The probabilistic approach that we pro-



pose determines whether the observed amount of node overlap (shar-



ing) between a pair of nodes could be due to chance alone (Veech



2014). The probabilistic model of species co-occurrence (Veech 2013;



Griffith, Veech & Marsh 2015) has a historical predecessor in the



Raup–Crick metric of similarity (Raup & Crick 1979) in that both



approaches use combinatorics to analytically derive exact probabili-



ties. The main difference is that the Raup–Crick metric is applied to



test for non-random sharing of species among two assemblages (sam-



pling localities), whereas the former tests for non-random sharing of



sites by a pair of species. Further, at the time, Raup & Crick (1979)



did not recognize the link to the hypergeometric distribution,



although their metric has since been linked to that sampling distribu-



tion (Chase et al. 2011).



NODE OVERLAP AND SEGREGATION MEASURE ( Ɲ )



Given an undirected network having n nodes, for each pair of nodesVi



andVj having degree (i.e. number of neighbours), respectively, equal to



di and dj, relative node overlap can be quantified as:



xij ¼
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eqn 1



(a) (b)



(d)(c)



Fig. 1. Different network structural patterns. (a) nestedness; (b, c) seg-
regation; (d) modularity. Numbers represent network nodes, while
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negative effect of A on B. Extended to the whole network, this



scenario implies that each node pair could benefit (i.e. have a



reduced chance of extinction) from sharing as many neigh-



bouring nodes as possible. This gives the network a nested



structure; that is, the set of neighbours connected to any node



is a subset of the set of neighbours connected to any node with



higher degree (Atmar & Patterson 1993; Kondoh, Kato & Sa-



kato 2010; Johnson,Dominguez-Garcia&Munoz 2013; Stani-



czenko,Kopp&Allesina 2013).



Several authors have suggested that a nested structure can



promote network stability and persistence (Bastolla et al.



2009; Th!ebault & Fontaine 2010). The coexistence of numer-



ous interacting species might be obtained if the species are all



part of a highly stable and primarily mutualistic network



(Montoya, Pimm&Sol!e 2006). Although these hypotheses are



mostly speculative, they have been used as the basis for a grow-



ing corpus of literature that is currently trying to explain why



ecological networks are nested (Rohr, Saavedra & Bascompte



2014). Apart from nestedness, there are other network struc-



tures that could contribute to network stability. For example,



the presence of trophically based subwebs in a food web might



confer greater stability by isolating perturbations from the rest



of the web (Kondoh, Kato& Sakato 2010).



However, several authors (see, for example, Joppa et al.



2010; Johnson, Dominguez-Garcia & Munoz 2013) have



shown that the commonness of nestedness in ecological net-



works could be in part due by methodological issues, which



casts some shadows on the robustness of the observed patterns.



Here, we provide a new powerful statistical procedure (applica-



ble to both unimode and bipartite networks) that could help



clarifying this issue, and we use it to re-examine the structure



of a large set of ecological networks. Following previous stud-



ies (Almeida-Neto, Guimar~aes & Lewinsohn 2007; Fortuna



et al. 2010), we suggest that nestedness represents only one



potential outcome, since situations where nodes tend to share



few neighbours (herein referred to as segregation), or where



high node overlap can be identified within particular groups of



nodes (modularity), also constitute meaningful ecological pat-



terns (Podani & Schmera 2012; Podani, Jord!an & Schmera



2014).



Materials andmethods



It has been suggested that the average number of shared nodes is a nat-



ural measure of nestedness (Bascompte et al. 2003; Johnson, Domin-



guez-Garcia & Munoz 2013). This is consistent with the original



concept of nestedness (Patterson &Atmar 1986; Johnson, Dominguez-



Garcia & Munoz 2013; Staniczenko, Kopp & Allesina 2013) and with



the formulation of one of themost popular nestednessmeasures, that is



NODF (Almeida-Neto et al. 2008); in a perfectly nested pattern, each



pair of nodes always shares a number of neighbours equal to the degree



of the less connected node (Fig. 1a). In other words, the species with



lower degree is not linked to any species that the species with higher



degree is not also linked to. In any network, there is a finite number of



ways that nodes can be connected for a given number of links (connec-



tance) among the nodes. As such, combinatorics can be used to calcu-



late the expected amount of node sharing.



In the context of species co-occurrence, Veech (2013) has shown



how the expected number of shared localities between two species



can be computed analytically using simple combinatorics. The proba-



bilities given in Veech (2013) can also be obtained through the hyper-



geometric distribution as described recently in Griffith, Veech &



Marsh (2015). Here, we extend the probabilistic species co-occurrence



model of Veech (2013) to network node sharing wherein a neighbour



node is equivalent to a ‘site’, and the task is to determine whether the



two focal nodes (or species) ‘co-occur’ at or share a number of neigh-



bours that is different from the random (probabilistic) expectation.



This allows detection of cases where the number of neighbours



shared by two nodes is significantly greater or less than expected (Ve-



ech 2013 and Appendix S1). Therefore, for individual species pairs,



the probabilistic approach can distinguish significant node overlap



from significant node segregation (Fig. 1b,c). Moreover, this is



accomplished without having to create a randomized network for



comparison. In most other approaches (see below) to measuring net-



work structure, it is necessary to construct randomized networks



against which to compare the observed network. Furthermore, in



these other methods, the amount of node sharing (whether greater or



less than expected) is only assessed at the level of the entire network,



not individual species pairs. The probabilistic approach that we pro-



pose determines whether the observed amount of node overlap (shar-



ing) between a pair of nodes could be due to chance alone (Veech



2014). The probabilistic model of species co-occurrence (Veech 2013;



Griffith, Veech & Marsh 2015) has a historical predecessor in the



Raup–Crick metric of similarity (Raup & Crick 1979) in that both



approaches use combinatorics to analytically derive exact probabili-



ties. The main difference is that the Raup–Crick metric is applied to



test for non-random sharing of species among two assemblages (sam-



pling localities), whereas the former tests for non-random sharing of



sites by a pair of species. Further, at the time, Raup & Crick (1979)



did not recognize the link to the hypergeometric distribution,



although their metric has since been linked to that sampling distribu-



tion (Chase et al. 2011).



NODE OVERLAP AND SEGREGATION MEASURE ( Ɲ )



Given an undirected network having n nodes, for each pair of nodesVi



andVj having degree (i.e. number of neighbours), respectively, equal to



di and dj, relative node overlap can be quantified as:
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negative effect of A on B. Extended to the whole network, this



scenario implies that each node pair could benefit (i.e. have a



reduced chance of extinction) from sharing as many neigh-



bouring nodes as possible. This gives the network a nested



structure; that is, the set of neighbours connected to any node



is a subset of the set of neighbours connected to any node with



higher degree (Atmar & Patterson 1993; Kondoh, Kato & Sa-



kato 2010; Johnson,Dominguez-Garcia&Munoz 2013; Stani-



czenko,Kopp&Allesina 2013).



Several authors have suggested that a nested structure can



promote network stability and persistence (Bastolla et al.



2009; Th!ebault & Fontaine 2010). The coexistence of numer-



ous interacting species might be obtained if the species are all



part of a highly stable and primarily mutualistic network



(Montoya, Pimm&Sol!e 2006). Although these hypotheses are



mostly speculative, they have been used as the basis for a grow-



ing corpus of literature that is currently trying to explain why



ecological networks are nested (Rohr, Saavedra & Bascompte



2014). Apart from nestedness, there are other network struc-



tures that could contribute to network stability. For example,



the presence of trophically based subwebs in a food web might



confer greater stability by isolating perturbations from the rest



of the web (Kondoh, Kato& Sakato 2010).



However, several authors (see, for example, Joppa et al.



2010; Johnson, Dominguez-Garcia & Munoz 2013) have



shown that the commonness of nestedness in ecological net-



works could be in part due by methodological issues, which



casts some shadows on the robustness of the observed patterns.



Here, we provide a new powerful statistical procedure (applica-



ble to both unimode and bipartite networks) that could help



clarifying this issue, and we use it to re-examine the structure



of a large set of ecological networks. Following previous stud-



ies (Almeida-Neto, Guimar~aes & Lewinsohn 2007; Fortuna



et al. 2010), we suggest that nestedness represents only one



potential outcome, since situations where nodes tend to share



few neighbours (herein referred to as segregation), or where



high node overlap can be identified within particular groups of



nodes (modularity), also constitute meaningful ecological pat-



terns (Podani & Schmera 2012; Podani, Jord!an & Schmera



2014).



Materials andmethods



It has been suggested that the average number of shared nodes is a nat-



ural measure of nestedness (Bascompte et al. 2003; Johnson, Domin-



guez-Garcia & Munoz 2013). This is consistent with the original



concept of nestedness (Patterson &Atmar 1986; Johnson, Dominguez-



Garcia & Munoz 2013; Staniczenko, Kopp & Allesina 2013) and with



the formulation of one of themost popular nestednessmeasures, that is



NODF (Almeida-Neto et al. 2008); in a perfectly nested pattern, each



pair of nodes always shares a number of neighbours equal to the degree



of the less connected node (Fig. 1a). In other words, the species with



lower degree is not linked to any species that the species with higher



degree is not also linked to. In any network, there is a finite number of



ways that nodes can be connected for a given number of links (connec-



tance) among the nodes. As such, combinatorics can be used to calcu-



late the expected amount of node sharing.



In the context of species co-occurrence, Veech (2013) has shown



how the expected number of shared localities between two species



can be computed analytically using simple combinatorics. The proba-



bilities given in Veech (2013) can also be obtained through the hyper-



geometric distribution as described recently in Griffith, Veech &



Marsh (2015). Here, we extend the probabilistic species co-occurrence



model of Veech (2013) to network node sharing wherein a neighbour



node is equivalent to a ‘site’, and the task is to determine whether the



two focal nodes (or species) ‘co-occur’ at or share a number of neigh-



bours that is different from the random (probabilistic) expectation.



This allows detection of cases where the number of neighbours



shared by two nodes is significantly greater or less than expected (Ve-



ech 2013 and Appendix S1). Therefore, for individual species pairs,



the probabilistic approach can distinguish significant node overlap



from significant node segregation (Fig. 1b,c). Moreover, this is



accomplished without having to create a randomized network for



comparison. In most other approaches (see below) to measuring net-



work structure, it is necessary to construct randomized networks



against which to compare the observed network. Furthermore, in



these other methods, the amount of node sharing (whether greater or



less than expected) is only assessed at the level of the entire network,



not individual species pairs. The probabilistic approach that we pro-



pose determines whether the observed amount of node overlap (shar-



ing) between a pair of nodes could be due to chance alone (Veech



2014). The probabilistic model of species co-occurrence (Veech 2013;



Griffith, Veech & Marsh 2015) has a historical predecessor in the



Raup–Crick metric of similarity (Raup & Crick 1979) in that both



approaches use combinatorics to analytically derive exact probabili-



ties. The main difference is that the Raup–Crick metric is applied to



test for non-random sharing of species among two assemblages (sam-



pling localities), whereas the former tests for non-random sharing of



sites by a pair of species. Further, at the time, Raup & Crick (1979)



did not recognize the link to the hypergeometric distribution,



although their metric has since been linked to that sampling distribu-



tion (Chase et al. 2011).



NODE OVERLAP AND SEGREGATION MEASURE ( Ɲ )



Given an undirected network having n nodes, for each pair of nodesVi



andVj having degree (i.e. number of neighbours), respectively, equal to



di and dj, relative node overlap can be quantified as:



xij ¼
Sij " Pij



! "



minðdi; djÞ
eqn 1



(a) (b)



(d)(c)



Fig. 1. Different network structural patterns. (a) nestedness; (b, c) seg-
regation; (d) modularity. Numbers represent network nodes, while
filled cells and arrows represent network edges.
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