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Abstract

Ecologists are often concerned with the composition of communities and the structure of the interactions among those species. These two fields of ecology, community structure and network structure, have been studied in relative isolation from one another. Some continuing work examines network structures in relation to species richness, a community structure metric, while little network structural studies examine correlations among other community structures such as evenness or abundance distributions. More generally, there has been no explicit consideration of how community and network structure are related. Here, we examine correlations among two community and four network structure metrics using 59 real plant-pollinator and plant-seed disperser communities. We confirmed previous evidence that species richness scales strongly with network structures of number of links and connectance. However, the other two network structures, average number of links per species and nestedness, did not scale with species richness. Furthermore, evenness did not correlate with any of the four network structures. Taking a deeper look at the relationship between community and network structures will aid empirical and theoretical investigations into how community and network structure relate to community and network function. 
Introduction

The composition of communities and interactions among their component species is of fundamental importance to our understanding of ecology (Diamond 1975). Current descriptions of communities fall into two categories – community structure and network structure. Community structure is concerned with the composition of species in a community, while network structure is concerned with the structure of interactions among species in a community. Although species richness, a metric of community structure, is known to often be predictive of network structures, little work has explored how other community structures are related to network structure. For example, changes in evenness can occur prior to species extinctions, or changes in species richness. These changes in abundance among species are likely to greatly influence network structure given the general explanatory power of abundance for network structure 
 ADDIN EN.CITE 
(Vazquez et al. 2007)
. So far, community structure and network structure have been studied in relative isolation 
 ADDIN EN.CITE 
(Wittebolle et al. 2009; Ramos-Jiliberto et al. in press)
. Although there is much examination of how network structures scale with community size 
 ADDIN EN.CITE 
(i.e., species richness; Olesen & Jordano 2002; Bascompte et al. 2003)
, there has been little explicit inquiry into the extent of the relationships among metrics used to describe community and network structure. 
Community and network structure of mutualistic interactions, where both species receive net benefits from the interaction, have received little attention relative to predator-prey food webs (Bascompte 2009). Mutualisms can have strong consequences for their component species, and scale up to influence community structure, and ecosystem services such as pollination and seed dispersal. For example, the presence of a mutualistic interaction between a fungal endophyte and an invasive grass reduced arthropod abundance by ~70% and diversity by ~20% (Rudgers & Clay 2008). Therefore, understanding how community structure metrics are related in communities with strong effects from mutualistic interactions may be critical for elucidating feedbacks between species interactions and community structure. For example, Bastolla et al. (2009) showed that the specific architecture of mutualistic interactions, where generalists interact with generalists and specialists attach to the generalist core, decreases competition among species, thereby increasing coexistence and maintaining biodiversity. Thus, understanding the link between community and network structure in mutualisms will aid in understanding the basic mechanisms of structure, and the effect of structure on function.  
Community structure describes the number of taxa and the abundance of individuals distributed amongst each taxon using various metrics (Magurran 2003), including richness, abundance distributions, diversity, and species composition (Morin 1999). Community structure for any one study typically represents one trophic level or trophic guild, although some studies include multiple trophic levels or guilds. Species richness (S; Table 1) in itself is important for ecosystem functioning 
 ADDIN EN.CITE 
(Duffy et al. 2007)
, and is probably measured and manipulated more than diversity or abundance due to convenience (but see Hillebrand et al. 2008). However, species richness ignores the fact that abundance is not spread equally among species in the community, but often displays a skewed distribution. Thus, abundance distributions have been of great interest for many years (Alonso et al. 2008). Abundance distributions are defined by few common, but many rare species, leading to a ‘lazy J-curve’. This abundance distribution has been called one of ecology’s true universal laws (McGill et al. 2007). Diversity metrics, such as Shannon-Weiner diversity (H’) calculates richness weighted by the abundance of each species. Evenness metrics, such as Pielou’s J or Hurlberts PIE, describe the equitability of abundance of individuals among species in a community (J; Table 1). 

Ecological network structures are derived from the graph, or network, theory (Table 1; Newman 2003). In a network, nodes V are connected by links L, where nodes and links are species and their mutualistic interactions, respectively. Mutualistic networks form a particular type of network called a two-mode bipartite network, where only unlike nodes interact. A fundamental property of a species is the number of other species with which it interacts, degree (k). Degree represents the level of specialization or generalization, which is central to coevolution (Thompson 2005). The total number of interactions in a network (L), or the number of links, often scales linearly with community size, while links per species (L/S) represents the average level of degree in a network. Mutualistic networks have been found to have a nested structure (Bascompte in press). That is, generalists tend to interact among each other, while specialists interact with the generalist core, but do not tend to interact with other specialists. Nestedness (N) is compared to null models that determine if the level of nestedness found is significantly greater than that of random matrices (Vazquez & Aizen 2004). The fraction of realized links over links possible, connectance (C), describes the complexity of a network - higher connectance means more species are interacting and the network is considered to be more complex. Although species identity within networks can be highly variable through space and time, network structures such as nestedness, connectance, and degree distribution are often invariable with time, as well as space 
 ADDIN EN.CITE 
(Nielsen & Bascompte 2007; Olesen et al. 2008; Petanidou et al. 2008)
. 
Despite the exploration of the connection between network structure, species richness, and abundance, little explicit consideration has been given to the extent of relatedness between community and network structure. For example, Dormann et al. (2009) explored the relationship of 26 network variables in bipartite ecological networks to species richness of those communities, but did not examine other community structures such as evenness or abundance. Do community structure metrics convey the same information as network structure metrics? If the two types of community metrics are correlated to a significant extent, then we have to work harder in describing the utility of correlated metrics. If metrics are not significantly correlated, then these metrics are likely to convey different information; the utility of them independently must of course be defined. Here, we explore the connections between the community and network structure of mutualisms. We examine the correlations between community and network structure, using 59 real communities of mutualistic plant-pollinator and plant-seed disperser species interactions. 
PREDICTIONS

Before moving forward, we offer some predictions for investigations of empirical relationships between community and network structure (Table 2, Fig. 1). When species richness has been manipulated to control for community size to examine the number of links in food webs and mutualistic networks 
 ADDIN EN.CITE 
(Jordano 1987; Allesina & Pascual 2009)
, the relationship  between species richness and number of links is almost always positive (Fig. 1a). We also predict a positive relationship between number of links and evenness, although though there is a chance that they could be negatively correlated if a large proportion of links is due to a dominant competitor, either invasive or native (Fig. 1b). If number of links influenced species richness, we would also predict a positive relationship between the community and network structures. Links per species is often invariant with community size, or species richness. However, we predict either positive or negative relationship between links per species and species richness depending on which is the cause, and which the response (Fig. 1c). Links per species and evenness could be either positively or negatively correlated, depending on whether links are spread among many or few species, which is related to how specialized species are in their interactions (Fig. 1d). Nestedness is often positively correlated with species richness 
 ADDIN EN.CITE 
(Bascompte et al. 2003; Guimaraes et al. 2006; Fig. 1e)
. Nestedness and evenness are likely negatively correlated because increased evenness decreases rare species, which are most often specialists 
 ADDIN EN.CITE 
(Vazquez et al. 2007)
, and increased nestedness would lead to decreased evenness because the fraction of specialists increases (Fig. 1f). If species richness is a predictor variable, as richness increases connectance should decrease because of the addition of specialist species (Fig. 1g). If connectance is driving species richness, we predict that increasing connectance can either lead to increasing or decreasing richness (Fig. 1g). Increasing connectance could lead to increased evenness because increased connectance should lead to more diffuse competition (Fig. 1h). However, if the strength of mutualism is particularly strong, increasing connectance could lead to decreased evenness due to competitive dominance by a very strong interactor (Fig. 1h). 
METHODS
Data collection - We collected data sets for mutualistic plant-pollinator and plant-seed disperser communities from the Interaction Web Database hosted by the National Center for Ecological Analysis and Synthesis (http://www.nceas.ucsb.edu/interactionweb/), and the supplementary material provided by Rezende et al. (2007). Twenty of the 59 communities (see Appendix 1) provided abundance data, thus only 20 of the 59 total communities were analyzed for evenness-network structure correlations. The 20 communities that did provide abundance data provided the abundance of animal dispersers or pollinators found at plants, which should be correlated with ‘ambient’ abundance. That is, more abundant species are by chance going to interact more with other species; thus interaction frequency should be strongly correlated with ‘ambient’ abundance. For the 20 networks with abundance data we calculated evenness as well as species richness. For the other 39 communities, we calculated only species richness, which combined with the other 20 communities gave a sample size of 59 communities analyzed for correlations between species richness and network structures. 
Calculation of community structures - We chose two commonly used community structure metrics (species richness (S) and evenness (Pielou’s J and Hurlbert’s PIE)) and examined abundance distributions. Community structures of richness and evenness, and abundance distribution parameters, were calculted separately for animals and plants. Pielou’s J is calculated as 
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 and S is species richness.  Hurlberts PIE estimates the probability of interspecific encounter (Hurlbert 1971), which expresses the probability that two individuals randomly drawn from a community represent different species: 
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where N is the total number of individuals in a community, Ni is the number of individuals of the ith species, and S is the number of species in the community. No significant effects were found using Hurlbert’s PIE in place of Pielou’s J, even after removing a severe outlier (data not shown). Thus, we only use Pielou’s J in the below analyses. 

We determined the fit of different statistical distributions to the abundance data for both animals and plants. We did not explicitly test various biologically based distributions as we were not interested in mechanisms for abundance distributions, but rather which distribution best approximates abundance distributions in our study. We fit the log normal, poisson, geometric, exponential, and negative binomial distributions (Magurran 2003) to abundance data for animals and plants separately, and for animals and plants combined, for each community where abundance data were available, using R software v.2.8.0 (R Development Core Team 2008). Log normal was fit with two parameters (mean, sd), poisson with one (lambda), geometric with one (probability), exponential with one (rate), and negative binomial with two (size, probability). Initial parameters for each model were: log normal (mean = -1, sd = 1), poisson (lambda = 0.5), geometric (prob = 0.1 to 0.9), exponential (rate = 0.1 to 10), and negative binomial (size = 1, prob = 0.5). We applied maximum likelihood estimation to obtain the best fit statistical distribution, and used the Akaike Information Criterion (AIC) to choose the best model. We present results of model fitting in Appendix 1, but only analyze abundance distributions in relations to network structures for animals and plants separately, not for animals and plants combined. Furthermore, the log normal was the best fit by far out of all possible models; thus, we analyze network structures in relation to abundance distributions using only the mean and standard deviation of the log normal distribution for each community. 

Calculation of community structures - Recent work has explored the correlations among network structural properties (Dormann et al. 2009), which we use as a basis for selecting four divergent network structural properties in order to avoid redundancy. Network structures were calculated for each entire community. Links (L) is simply the total number of species interactions in a network. Links per species (L/S) is the total number of links divided by species richness (S). Nestedness (N) is the tendency for generalists to interact among each other, while specialists interact with the generalist core, but do not tend to interact with other specialists. A nestedness value of 1 represents perfect nestedness, or lack of symmetry, whereas a value of 0 represents perfect symmetry. Connectance (C) is a simple measure of the complexity of a network, and is the ratio of the number of observed species interactions to those possible, or C = L/(SAnimals*SPlants). Network structures were calculated using the R-package bipartite (Dormann et al. 2008), implemented in R software v.2.8.0 (R Development Core Team 2008). 

Data Analysis – We evaluate the correlation structure among two community and four network structural properties. We used calculated Pearson’s r among the two community and four network structure variables using the function “cor.test” in R software v.2.8.0 (R Development Core Team 2008). We log10 transformed all variables prior to calculating r coefficients. One outlier was found while plotting network structures against evenness for animals. We present data without this outlier because results of correlation analyses were significantly altered by the presence of the outlier, including change of sign of the Pearson correlation coefficient from positive to negative in a few cases. 
As correlations among community structure variables or network structure variables may confound interpretation of our results, we also calculated Pearson’s r among the two community structure variables, and the four network structure variables. This potential problem does not confound the relationship between species richness and evenness as they were not signficantly correlated (Pearson’s r = -0.39, P = 0.08). Some of the network structures were correlated: links and links per species (r = 0.52, P < 0.01); links and connectance (r = -0.59, P < 0.01); links per species and connectance (r = 0.32, P = 0.01); and links per species and nestedness (r = 0.28, P = 0.03). Others were not correlated: links and nestedness (r = 0.20, P = 0.14); and connectance and nestedness (r = 0.04, P = 0.75). Although some network structures were correlated with one another, all correlations were < 0.6, suggesting that despite statistically significant relationships among variables, relationships are not that strong and likley do not greatly confound interpretation of results in the following section. 
RESULTS
Species richness
Three network structures were negatively correlated with animal species richness, while only one network structure was negatively correlated with plant species richness (Fig. 1). Of the four network structure properties, two were significantly correlated with species richness for animals and one for plants. As predicted based on results of other studies (Jordano 1987; Montoya & Sole 2003), number of links (L) was positively correlated with species richness for both animals (Pearson’s r = 0.65, P = 0.0014; Fig. 1a) and plants (S; r = 0.47, P = 0.031; Fig. 1b). The only other network structure correlated with richness was connectance. Connectance was significantly negatively correlated with animal species richness (r = -0.61, P = 0.003; Fig. 1g), confirming other studies that have shown that larger communities are less connected, i.e., less complex (e.g. Warren 1994). 
Evenness

One of four, and three of four network strutures were negatively correlated with animal and plant evenness, respectively (Fig. 2). Of the four network structure properties, only one was significantly correlated with animal evenness (connectance: r = 0.61, P = 0.004; Fig. 2g), and one with plant evenness (nestedness: r = -0.51, P = 0.018; Fig. 2f). 
Abundance

For animals, two network structures, links per species (r = 0.86, P < 0.0001; Fig. 3c) and connectance (r = 0.69, P = 0.0006; Fig. 3g), were significanlty positively correlated with the log normal mean. Number of links and nestedness were positively, but non-significanlty, correlated with the log normal mean (Fig. 3a,e). Only one network structure, connectance, was significantly correlated with the log normal standard deviation (r = -0.49, P = 0.025; Fig. 3h). Number of links and nestedness were both positively, but non-significantly, correlated with the log normal standard deviation (Fig. 3b,f). Links per species was negatively, but non-significantly, correlated with the log normal standard deviation (Fig. 3d). 

Similar to animals, two network structures, links per species (r = 0.61, P = 0.003; Fig. 4c) and connectance (r = 0.48, P = 0.028; Fig. 4g), were significanlty positively correlated with the log normal mean in plants. Also as in animals, number of links and nestedness were positively, but non-significanlty, correlation with the log normal mean (Fig. 4a,e). Unlike in animals, in plants number of links was significantly, positively correlated with the log normal standard deviation (r = 0.55, P = 0.009; Fig. 4b). However, just as in animals, connectance was significantly, negatively correlated with the log normal standard deviation (r = -0.44, P = 0.043; Fig. 4h). There was no obvious differences, both for animals and plants, among plant-pollinator and plant-see dispersal communities in correlations among network structures and the log normal mean or standard deviation.
DISCUSSION

Species richness and abundance have previously been shown as strong predictors of network structures 
 ADDIN EN.CITE 
(Olesen & Jordano 2002; Bascompte et al. 2003; Vazquez et al. 2007)
, whereas evenness has been little examined in relation to network structures. In this study, species richness and abundance had stronger relationships to network structures (Figs. 1,3,4), both with three signficant correlations among varibales, relative to evenness (Fig. 2), with only two significant correlations. Thus, there are both variables that link community and network structure, and variables that are not linked among community and network structure. The interlinked variables among community and network structure () can help us to calculate one from the other, but may also present interesting avenues of inquiry as to why they are correlated. Contrarily, community and network structure variables that are not correlated may lead us towards an exploration of why community structure does not necessarily translate into network structure. Before discussing further implications, we discuss specifics of the results. 
Species richness was signficantly correlated with two network structures for animals, but only one network structure for plants. Number of links and species richness are consistently positively correlated in other studies (Jordano 1987; Montoya & Sole 2003), a result replicated here. As communities get larger, the number of possible links, or species interactions, must be greater. Number of links per species, which is often scale invariant, was not correlated with species richness for animals or plants. This was a much stronger relationship for plants (r = 0.32) than for animals (r = -0.02; Fig. 1), suggesting that plant richness may have a stronger influence on the mean number of interactions per species than animals. Although nestedness has been shown to increase with species richness (Bascompte et al. 2003), we found no such relationship. This may suggest that . Interestingly, nestedness was negatively correlated with animal richness, but positively correlated with plant richness (Fig. 1e,f). Does this suggest that nestedness actually decreases with animal richness, while nestedness increases with plant richness? Neither relationships were significant, forbidding answering this question at this juncture. Last, connectance was significanlty negatively correlated with animal richness, but not significantly negatively correlated with plant richness (Fig. 1g,h). Connectance is often negatively correlated with richness due to forbidden interactions, among other mechanisms (Olesen & Jordano 2002). 

Linkages between network structure properties and evenness were generally weaker than was found for network structure properties and species richness. Data show a slightly negative, but non-significant, relationship between number of links and evenness for both animals and plants ( Fig. 2a,b). This suggests that increasing evenness does not lead to increased species interactions, but may actually lead to decreased species interactions. Links per species (L/S) was slightly positively correlated with evenness for animals, but negatively correlated for plants (Fig. 2c,d). The positive correlation suggests a an increase in average links per species as abundance is spread more evenly among species. Interestingly, nestedness (N) was not significantly negatively correlated with evenness for animals (Fig. 2e) but significanlty negatively correlated for plants, suggesting some tendency for more even communities to be less nested, possibly due to less specialists in more even communities. Lastly, connectance (C) significantly increased with increasing evenness for animals (J; Fig. 2g), suggesting that number of realized interactions increase with increasing equitability of abundance among species. Thus, more even communities are more complex (more species interactions), which is thought to increase community robustness to disturbance (Dunne et al. 2002b). In addition, experimental manipulations of evenness in bacterial communities found that initially highly even communities had higher functionality (Wittebolle et al. 2009). Thus, evenness may be an important factor in determining community or network function.  

Abundance has been shown to be a strong predictor of some network structures 
 ADDIN EN.CITE 
(Stang et al. 2006; Vazquez et al. 2007; Chamberlain et al. in press)
.  Here, we have also shown some strong relationships between abundance distribution parameters and network structures. Number of links was only significantly correlated with the log normal standard deviation in plants (Fig. 4b). More skewed abundance distributions result in more total species interactions. For animals and plants, links per species and connectance were strongly positively correlated with the log normal mean (Fig. 3c,g, 4c,g), but only connectance was significantly negatively correlated with log normal standard deviation for animals and plants (Fig. 3g, 4g). Interestingly, links per species was not correlated with either richness or evenness. Thus, abundance distributions have particularly strong  explanatory power for this measure, likely due to the mean parameter displacing the peak of the abundance distribution, or the mean abundance among species.  The strong negative correlations among connectance and the log normal standard deviation suggest that as abundance is less  evenly distributed among species, community complexity decreases significantly. Nestedness was not correlated with log normal mean or standard deviation, suggesting little direct connection between abundance distributions and nestedness. Abundance has been shown to correlate strongly with other network structures, such as degree (Stang et al. 2006), interaction asymmetry (Vazquez & Aizen 2004), and interaction strength asymmetry 
 ADDIN EN.CITE 
(Vazquez et al. 2007)
. Despite the exciting potential of abundance to explain network structures, abundance explained no more network structures than did species richness. 
Feedbacks

Although this and prior studies have shown that there are links between community and network structures, how do they feedback to influence one another? That is to say, are structural properties of communities leading to network structural properties, or are network structural properties mechanisms for community structures? Alternatively, are the reciprocal effects among community and network structures more equivalent? John Thompson has suggested that the diversity of species and the diversity of species interactions are linked through “the processes of specialization and coevolution” (Thompson 1994). Indeed, the level of specialization or generalization of each species in a community will define at least the topological structure of the network. In addition, coevolution, reciprocal evolutionary change in two or more species phenotypes in response to one another, as well as evolution, will shape network structure through time. It is clear then that network structure is determined to a great extent by community structure. To what extent then can community structure be influenced by network structure? Carefully designed experiments, in e.g., bacterial communities, could manipulate community structure values, such as species richness or evenness, and measure network structural response variables. Network structures may be more difficult to manipulate than community structures, but may be tractable when species interactions can be controlled precisely.

Mechanisms for community and network structure

Despite similar mechanisms shaping community and network structure, it is surprising that community and network structures are not more highly correlated. Processes responsible for structuring communities and networks include niche versus neutral ecological processes, and evolutionary processes. An example of niche processes are assembly rules, whereby community membership is structured primarily by competition. One way in which an assembly rule may operate is through body size. For example, the concept of limiting similarity (MacArthur & Levins 1967), in which species can only co-exist if they differ enough to not occupy the same niche, is often tested using body size distributions of sympatric and allopatric species. Body size has also contributed to our understanding of network structure  (Woodward et al. 2005). In addition to niche mechanisms, community and network structures can be influenced by neutral processes associated with dispersal limited dynamics. In a study of a plant-pollinator network in Argentina, Vázquez et al. (2009) showed that spatial overlap in species occurrences, in addition to abundance patterns and temporal overlap in species occurrences, predicts network structures. As neutral processes can often successfully estimate observed abundance distributions (Hubbell 2001), neutral processes may lead to abundance distributions that often succesfully predict network structure. Vázquez et al. 
 ADDIN EN.CITE 
(Vazquez et al. 2005; 2007; 2009)
 have shown that abundant species will interact with more species and more frequently than rare species.
Evolution and phylogenetic relatedness have a profound influence on the community assembly process. For example, evolution alters species traits, which determines physiological tolerances, and inclusion in a community. In addition, trait evolution determines which species can interact with one another, and how strongly they interact. For example, species traits can contribute to mutualistic network structure through “forbidden interactions” among species due to incompatible morphologies 
 ADDIN EN.CITE 
(e.g., pollinator tongue and floral tube lengths; Rezende et al. 2007; Santamaría & Rodriguez-Gironés 2007; Stang et al. 2007)
. The phylogenetic structure of communities (Kraft et al. 2007), determined via phylogenetic attraction (environmental filtering) and repulsion (competition), will then have important consequences for network structure. Indeed, Rezende et al. (2007), have shown that phylogenetic relatedness significantly influences network structures of degree and interaction strength. 
Consequences of community and network structure

The significant relationships between community and network structure found in our results have consequences for the functionality of ecological communities. We found that relatively species rich communities tend to have a greater total number of interactions and a greater number of interactions per species. Having more interactions increases the probability of including a strong positive interaction among one or more species, which may increase overall community performance (e.g. biomass production, stability, etc.). Community evenness, however, was negatively correlated with the number of links in a community and the number of links per species -  but was positively correlated the overall connectance of the community. Highly connected communities are generally considered to be more stable (Dunne et al. 2002a). High species richness, on the other hand, was negatively correlated with connectance. Therefore, evenness may be important for stability in relatively species poor communities, but the benefits of evenness may be lost with increasing species richness. In addition, species richness is often examined in relationship to network structures, but evenness often changes prior to changes in richness in real communities (Hillebrand et al. 2008).
What is the utility of a network, versus community structure, approach to community ecology?

Network structure describes interactions among species within a community, whereas community structure describes the structure of species present in a community, regardless of their interactions with other species. Nonetheless, both community and network structure may be able to predict the same community functions. For example, tests of the relationship between community function and structure have been tested using community 
 ADDIN EN.CITE 
(Tylianakis et al. 2008; Wittebolle et al. 2009)
, as well as network structures (Bastolla et al. 2009). Some questions are only addressed with a network approach. For example, only a network approach can explore the link between the structure of species interactions and community robustness to invasion (Memmott et al. 2004). However, network structure is often a function of community structure, primarily community size (Dormann et al. 2009). Furthermore, changes in abundance and evenness are likely to occur prior to loss of species (Hillebrand et al. 2008), suggesting the need to examine robustness to changes in abundance and species loss. 
Community size, or species richness, is easily quantified, and together with abundances of each species, can be used to calculate other metrics such as diversity or evenness. However, network structure is not easily quantified. Although presence or absence of links between species in a network are easily determined, the relative strengths of each link (interaction strength) is very difficult to quantify (Kay & Schemske 2004). That is, it is rather easy to observe at least one individual pollinator of species A visiting flowers of plant species B in a plant-pollinator network, but quantifying interaction strength for each pair-wise link is intractable in even small networks. Thus, biological reality of many ecological networks may be limited (Kay & Schemske 2004). Despite currently limited biological realism in ecological networks, are networks a useful tool? 

Conclusion

In this study we found significant correlations between community and network structure in only some cases. If the metrics we chose are representative of community and network structure in general, these results suggest that community and network structure are largely not the same entity. That is, the structure of communities, or the identities and abundances of species, and the architecture of their interactions, are not predicted by the other. This suggests that the pursuit of the structure of networks does bring forward new information on the structure of communities that we did not already have with community structure metrics. Although these two fields are important in their own rights, a more synthetic view of the mechanisms that produce, and consequences that result from, community and network structures, as well as how they feedback to influence one another may prove fruitful moving forward.
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Table 1. Correlations (Pearson coefficients) among network and community structures for plant-pollinator and plant-seed disperser mutualistic networks. Abundance distributions were fit with the log normal distribution, and are described by mu and sigma; see Appendix 1 for details of abundance distribution models.  Number of communities is 21 for each analysis, except for animals for evenness with all network structures. 
	Network 

structure
	Community structure

	
	Species richness

 (S)
	Evenness 

(J)
	Abundance Dist.

(mu)
	Abundance Dist.

(sigma)

	
	Animals
	Plants
	Animals
	Plants
	Animals
	Plants
	Animals
	Plants

	No. of links
	0.65**
	0.47*
	-0.14
	-0.24
	0.32
	0.41†
	0.10
	0.55**

	Links per species
	-0.02
	0.32
	0.32
	0.03
	0.86***
	0.61**
	-0.24
	0.13

	Nestedness
	-0.16
	0.37
	0.13
	-0.41†
	0.41†
	-0.12
	0.07
	0.36

	Connectance
	-0.61**
	-0.33
	0.51*
	0.31
	0.69***
	0.48*
	-0.49*
	-0.44*


†: P < 0.1,  *: P < 0.05, **: P < 0.01, ***P < 0.001 
Figure 1. Correlations among network structural properties (ordinate) and species richness (abscissa) for animals and plants. Plant-pollinator (empty circles) and plant-seed disperser (filled circles) mutualistic networks are represented. Network structures: number of links (a,b), links per species (c,d), nestedness (e,f), and connectance (g,h; see Table 1 for definitions). Values in each panel represent Pearson correlation coefficients, and p-values (Ho, r = 0). All variables were log10 transformed prior to analysis. Note that all variables are displayed as log10 transformed. Sample sizes: species richness (58-59 communities); evenness (20 communities). Data from the Interaction Web Database (http://www.nceas.ucsb.edu/interactionweb/), and Rezende et al. (2007).  
Figure 2. Correlations among network structural properties (ordinate) and evenness (abscissa) for animals and plants. Evenness (Pielou’s J) is constrained between zero and one. Larger values of J represent communities with abundance spread more equally among species, whereas small J values represent the presence of few very abundant species. See Figure 1 caption for details on figures. 
Figure 3. Correlations among network structural properties (ordinate) and mean and standard deviation of the log normal distribution fit to abundance data for each community (abscissa) for animals. See Figure 1 caption for details on figures, and Appendix 1 for abundance distribution model results. 
Figure 4. Correlations among network structural properties (ordinate) and mean and standard deviation of the log normal distribution fit to abundance data for each community (abscissa) for plants. See Figure 1 caption for details on figures, and Appendix 1 for abundance distribution model results.
Fig. 1
PUT IN HERE ONE FIGURE WITH THE MOST SIGNIFICANT CORRELATIONS AMONG ALL DIFFERENT COMBINATIONS OF STRUCTURES…
Appendix 1. Table of parameters for various statistical distributions fit to abundance data, including AIC values for each distribution, and the best model (Mbest, lowest AIC) indicated. Organism type (Org): A: animals, P: plants, B: both animals and plants. Type: F: plant-seed disperal networks; P: plant-pollinator networks. See the NCEAS website for description of network data sets (http://www.nceas.ucsb.edu/interactionweb/). 
	Mat
	Org
	Type
	Parameters
	AIC

	
	
	
	Log-normal
(M1)
	Poisson
(M2)
	Goemetric
(M3)
	Exponential
(M4)
	Neg Binomial
(M5)
	M1
	M2
	M3
	M4
	M5
	Mbest

	
	
	
	Mean
	sd
	Lambda
	Prob
	Rate
	Size
	Prob
	
	
	
	
	
	

	bair
	A
	F
	2.11
	1.64
	31.19
	0.10
	0.10
	0.48
	0.02
	173.1
	1386.6
	236.8
	229.8
	181.9
	M1

	bair
	B
	F
	2.64
	1.73
	46.79
	0.10
	0.10
	0.53
	0.01
	262.4
	2202.2
	407.1
	393.1
	266.9
	M1

	bair
	P
	F
	4.24
	0.74
	93.57
	0.10
	0.10
	1.87
	0.02
	79.0
	440.8
	172.3
	165.3
	80.3
	M1

	beeh
	A
	F
	4.40
	1.11
	100.00
	0.10
	0.10
	1.20
	0.01
	110.7
	990.6
	294.1
	281.4
	109.8
	M5

	beeh
	B
	F
	2.81
	1.81
	59.45
	0.10
	0.10
	0.50
	0.01
	389.6
	4161.2
	687.5
	662.0
	395.7
	M1

	beeh
	P
	F
	2.35
	1.70
	38.35
	0.10
	0.10
	0.49
	0.01
	270.6
	2400.1
	395.4
	382.7
	280.1
	M1

	cacg
	A
	F
	1.67
	1.44
	14.44
	0.10
	0.10
	0.62
	0.04
	114.5
	437.6
	124.4
	121.9
	120.2
	M1

	cacg
	B
	F
	1.56
	1.31
	11.27
	0.10
	0.10
	0.72
	0.06
	270.3
	843.1
	288.2
	283.2
	285.6
	M1

	cacg
	P
	F
	1.48
	1.22
	9.24
	0.10
	0.11
	0.85
	0.08
	159.1
	384.7
	165.8
	163.2
	167.4
	M1

	caci
	A
	F
	1.67
	1.70
	23.90
	0.10
	0.10
	0.42
	0.02
	148.8
	1143.4
	194.9
	189.7
	159.7
	M1

	caci
	B
	F
	1.65
	1.53
	17.70
	0.10
	0.10
	0.51
	0.03
	381.4
	2111.4
	452.2
	441.9
	407.8
	M1

	caci
	P
	F
	1.63
	1.43
	14.06
	0.10
	0.10
	0.62
	0.04
	235.8
	903.5
	259.3
	254.2
	249.0
	M1

	caco
	A
	F
	1.65
	1.12
	9.38
	0.10
	0.11
	1.07
	0.10
	86.7
	169.1
	87.6
	86.2
	89.5
	M4

	caco
	B
	F
	1.11
	1.17
	6.42
	0.13
	0.16
	0.84
	0.12
	208.1
	453.2
	225.0
	219.3
	226.4
	M1

	caco
	P
	F
	0.83
	1.10
	4.88
	0.17
	0.20
	0.83
	0.14
	120.9
	260.4
	136.1
	131.3
	137.6
	M1

	cafr
	A
	F
	1.27
	1.28
	7.87
	0.11
	0.13
	0.80
	0.09
	92.1
	199.8
	95.7
	93.9
	97.3
	M1

	cafr
	B
	F
	1.09
	1.19
	6.56
	0.13
	0.15
	0.79
	0.11
	196.9
	458.4
	214.6
	209.4
	215.6
	M1

	cafr
	P
	F
	0.96
	1.10
	5.62
	0.15
	0.18
	0.81
	0.13
	107.7
	253.9
	120.0
	116.5
	121.6
	M1

	fros
	A
	F
	5.57
	0.77
	100.00
	0.10
	0.10
	1.82
	0.01
	138.7
	6004.1
	797.3
	759.2
	139.7
	M1

	fros
	B
	F
	5.25
	0.86
	100.00
	0.10
	0.10
	1.53
	0.01
	342.7
	10527.9
	1620.2
	1544.1
	345.4
	M1

	fros
	P
	F
	5.04
	0.85
	100.00
	0.10
	0.10
	1.55
	0.01
	205.4
	4525.9
	824.9
	786.9
	207.4
	M1

	gen1
	A
	F
	1.38
	1.30
	8.33
	0.11
	0.12
	0.88
	0.10
	114.3
	223.9
	116.4
	114.3
	118.3
	M1

	gen1
	B
	F
	1.77
	1.33
	12.00
	0.10
	0.10
	0.90
	0.07
	177.8
	402.3
	180.4
	177.1
	180.1
	M4

	gen1
	P
	F
	2.77
	0.77
	21.43
	0.10
	0.10
	2.01
	0.09
	59.0
	115.9
	65.9
	64.2
	59.8
	M1

	gen2
	A
	F
	1.90
	1.29
	13.69
	0.10
	0.10
	0.88
	0.06
	211.4
	547.0
	219.2
	215.0
	215.6
	M1

	gen2
	B
	F
	1.77
	1.28
	12.41
	0.10
	0.10
	0.84
	0.06
	443.6
	1190.1
	464.1
	455.5
	458.2
	M1

	gen2
	P
	F
	1.66
	1.26
	11.34
	0.10
	0.10
	0.81
	0.07
	235.6
	638.1
	246.8
	242.6
	246.1
	M1

	ncor
	A
	F
	3.95
	1.93
	100.00
	0.10
	0.10
	0.46
	0.00
	401.4
	16357.7
	1631.8
	1556.7
	405.4
	M1

	ncor
	B
	F
	3.51
	2.16
	100.00
	0.10
	0.10
	0.34
	0.00
	665.5
	48777.4
	3224.8
	3074.6
	685.5
	M1

	ncor
	P
	F
	2.94
	2.32
	100.00
	0.10
	0.10
	0.26
	0.00
	264.0
	32421.7
	1595.0
	1519.9
	280.2
	M1

	sapf
	A
	F
	1.55
	1.05
	7.50
	0.12
	0.13
	1.51
	0.17
	52.3
	73.7
	51.3
	50.2
	52.8
	M4

	sapf
	B
	F
	1.29
	0.87
	5.22
	0.16
	0.19
	2.19
	0.30
	122.5
	154.0
	128.1
	124.0
	126.2
	M1

	sapf
	P
	F
	1.16
	0.72
	4.00
	0.20
	0.25
	7.98
	0.67
	71.6
	70.6
	77.1
	73.6
	71.4
	M2

	snow
	A
	F
	4.75
	0.87
	100.00
	0.10
	0.10
	1.98
	0.01
	172.7
	1353.3
	518.5
	495.5
	169.9
	M5

	snow
	B
	F
	3.24
	1.41
	67.00
	0.10
	0.10
	0.64
	0.01
	644.3
	7377.6
	1200.7
	1154.7
	661.4
	M1

	snow
	P
	F
	2.82
	1.23
	42.88
	0.10
	0.10
	0.65
	0.01
	448.4
	4734.8
	684.2
	661.2
	474.2
	M1

	bahe
	A
	P
	0.77
	1.04
	5.39
	0.16
	0.19
	0.66
	0.11
	458.9
	1590.5
	567.6
	549.7
	560.1
	M1

	bahe
	B
	P
	0.99
	1.30
	9.65
	0.10
	0.10
	0.49
	0.05
	613.7
	3320.5
	758.8
	746.8
	718.8
	M1

	bahe
	P
	P
	2.93
	1.59
	45.83
	0.10
	0.10
	0.69
	0.01
	119.5
	658.2
	173.2
	167.3
	118.9
	M5

	dihi
	A
	P
	2.03
	1.76
	51.64
	0.10
	0.10
	0.34
	0.01
	493.2
	11530.7
	946.9
	913.2
	539.7
	M1

	dihi
	B
	P
	2.21
	1.88
	80.77
	0.10
	0.10
	0.31
	0.00
	668.5
	23960.8
	1689.3
	1621.8
	730.5
	M1

	dihi
	P
	P
	2.87
	2.13
	100.00
	0.10
	0.10
	0.29
	0.00
	175.5
	11004.6
	744.4
	710.6
	186.1
	M1

	dish
	A
	P
	1.67
	1.56
	27.22
	0.10
	0.10
	0.39
	0.01
	258.2
	3470.2
	374.4
	363.9
	287.5
	M1

	dish
	B
	P
	1.82
	1.61
	37.69
	0.10
	0.10
	0.36
	0.01
	390.4
	7313.7
	654.6
	633.6
	435.6
	M1

	dish
	P
	P
	2.17
	1.66
	61.25
	0.10
	0.10
	0.34
	0.01
	135.0
	3531.7
	282.3
	271.8
	149.1
	M1

	inpk
	A
	P
	1.32
	1.46
	17.16
	0.10
	0.10
	0.42
	0.02
	533.3
	4752.8
	701.0
	685.3
	608.3
	M1

	inpk
	B
	P
	1.79
	1.60
	22.98
	0.10
	0.10
	0.47
	0.02
	937.1
	7039.5
	1201.9
	1170.6
	1002.6
	M1

	inpk
	P
	P
	2.74
	1.44
	34.74
	0.10
	0.10
	0.76
	0.02
	383.4
	1933.3
	503.0
	487.3
	385.2
	M1

	memm
	A
	P
	1.95
	1.54
	27.63
	0.10
	0.10
	0.46
	0.02
	604.4
	5732.6
	826.0
	802.6
	651.1
	M1

	memm
	B
	P
	2.22
	1.63
	41.98
	0.10
	0.10
	0.42
	0.01
	862.9
	12664.4
	1401.3
	1354.5
	924.2
	M1

	memm
	P
	P
	3.07
	1.64
	87.32
	0.10
	0.10
	0.46
	0.01
	253.0
	5562.2
	577.3
	553.9
	264.2
	M1

	moma
	A
	P
	1.36
	1.12
	7.44
	0.12
	0.13
	0.99
	0.12
	108.4
	221.6
	112.6
	110.3
	114.6
	M1

	moma
	B
	P
	1.48
	1.23
	9.24
	0.10
	0.11
	0.84
	0.08
	183.8
	448.1
	192.0
	189.0
	193.6
	M1

	moma
	P
	P
	1.67
	1.36
	12.18
	0.10
	0.10
	0.75
	0.06
	78.5
	212.5
	80.9
	79.5
	81.4
	M1

	mott
	A
	P
	2.19
	1.73
	50.57
	0.10
	0.10
	0.37
	0.01
	369.3
	7117.0
	673.7
	649.8
	398.3
	M1

	mott
	B
	P
	2.61
	1.87
	78.07
	0.10
	0.10
	0.37
	0.00
	535.0
	12469.1
	1202.6
	1154.9
	563.0
	M1

	mott
	P
	P
	4.06
	1.59
	100.00
	0.10
	0.10
	0.57
	0.00
	158.5
	4335.0
	530.9
	507.1
	160.5
	M1

	olle
	A
	P
	0.99
	1.35
	10.61
	0.10
	0.10
	0.45
	0.04
	307.5
	1844.1
	385.1
	378.7
	360.0
	M1

	olle
	B
	P
	1.33
	1.57
	18.28
	0.10
	0.10
	0.40
	0.02
	419.9
	3637.1
	551.7
	539.0
	470.9
	M1

	olle
	P
	P
	3.42
	1.19
	66.00
	0.10
	0.10
	0.78
	0.01
	94.3
	916.0
	168.7
	162.3
	97.2
	M1

	smal
	A
	P
	3.12
	0.67
	29.18
	0.10
	0.10
	2.27
	0.07
	286.1
	685.9
	367.7
	357.0
	292.9
	M1

	smal
	B
	P
	3.35
	0.89
	42.21
	0.10
	0.10
	1.47
	0.03
	441.5
	1679.2
	636.7
	615.4
	447.4
	M1

	smal
	P
	P
	3.95
	1.08
	76.31
	0.10
	0.10
	1.54
	0.02
	145.7
	553.4
	271.0
	260.4
	141.7
	M5
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