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Abstract 
Modularity is an important structural pattern in plant-pollinator networks that, when 

identified and examined, can lead to better understanding of drivers behind plant-pollinator 

interactions and contributions to resilience. Most module-detection algorithms rely on network 

structure alone. However, Newman and Clauset’s (2016) annotated network algorithm is able to 

leverage additional information about the nodes to aid in module detection and division 

selection, making it a powerful tool to examine potential causes behind module formation in a 

network. This study uses the Newman/Clauset approach to test how pollinator functional traits 

are related to module divisions found by the algorithm in a plant-pollinator network in the H. J. 

Andrews Experimental Forest. Correlations between pollinator trait metadata and the module 

divisions found by the algorithm were variable and not particularly high for any of the subsets 

and traits tested. These results imply that even though small or specialist modules may be 

detectable using trait metadata, most structural patterns are likely driven by other factors such as 

generalist interactions and species abundance in the H. J. Andrews network. 

 

Introduction 
Analyzing higher-level ecological network structure is one way to reveal patterns in 

interactions among a wide range of species across space and time in a network. An important 

pattern is modularity, which occurs when groups of species associate more with each other than 

with others in the network. In a plant pollinator network, this would mean that a certain set of 

flowers is visited nonrandomly by a certain set of pollinators with lower numbers of interactions 

between sets. This pattern has been observed in some plant-pollinator networks and is thought to 

provide resilience to the overall network by limiting the effect of species loss or other 

disturbances to individual modules (Olesen et al. 2007, Dicks 2002). Understanding modules can 

also lead to evolutionary insight about the members or provide a frame for future study or 

conservation work. 

Many algorithms search for modules in a network based on structure, e.g. dense clusters 

with sparser connections to other clusters. In addition to detecting modules, the most powerful 

analysis would be able to contribute to narrowing down the factors that may be influencing those 

patterns. Several factors may influence modularity: habitat heterogeneity, where certain plants 

and pollinators are only found in certain conditions or places; taxonomic relatedness; timing of 

flower anthesis and pollinator flight; and shared “functional traits” that allow plants to exclude or 

attract certain pollinators or for pollinators to take advantage of specific flower types (Olesen et 

al. 2007; A. Moldenke, pers. comm.). The last point corresponds to the concept of a pollinator 

“syndrome” or set of traits that have evolved between plants and pollinators to be 

complementary, leading to specialization or exclusion of other pollinators (Dicks 2002). For 

example, long corolla tubes in a flower allow long-tongued pollinators to reach the nectar while 



excluding short-tongued pollinators. Combinations of traits also may lead to a degree of 

preference for a plant or pollinator that are not the result of tight evolutionary couplings. Either 

way, the functional traits of plants and pollinators are a compelling potential influence on 

interaction patterns and thus network structure. If modules are indeed influenced by something 

such as functional traits, providing trait information to an algorithm could enhance its ability to 

detect or choose between different divisions. The annotated network algorithm proposed by 

Newman and Clauset in “Structure and influence in annotated networks” is designed with this in 

mind (Newman and Clauset 2016).  

My study uses the annotated network approach provided by Newman and Clauset’s 

(2016) algorithm to examine the structure in a plant-pollinator network found in the H. J. 

Andrews Experimental Forest. I ask the question, How are network groupings in the Andrews 

influenced by pollinator traits? More specifically, are detected modules in the annotated network 

correlated to functional traits, and do these translate to meaningful ecological groups?  

 

Methods 
Study site and data 

The plant-pollinator network data analyzed in this study were collected between 2011 and 

2015 in the H. J. Andrews Experimental Forest in the western Cascades of Oregon. Twelve 

meadows in three complexes (four meadows each) were observed in a series of five watches over 

the course of each summer. One watch consisted of a visit to each of ten plots in every meadow, 

where flowers were surveyed and interactions between pollinators and plants were observed for 

15 minutes (see Helderop 2015 for more details). This study used an aggregation of the 

observations of a meadow complex over all five watches for a year at a time. Due to time 

constraints I only analyzed one complex, Frissell, for two years, 2013 and 2014. Observed plant-

pollinator interactions were summarized as a binary adjacency matrix, with 1 indicating an 

interaction (any number at any time) between a given pollinator species and plant species. 

Weighted interactions may have been preferable but the algorithm was not set up to process 

weighted networks. The resulting bipartite network was converted to a one-mode projection of 

the pollinator nodes using the igraph package in R. In a one-mode projection, an edge between 

two pollinator species indicates a shared plant species. In 2013, there were 168 pollinator 

species, while in 2014 there were 96 species, with 61 common species between the years. 

Trait data for each pollinator species in the network —specifically tongue length class 

and body size decile—was extracted from a table of traits compiled by Andy Moldenke (excerpt 

Appendix A). Tongue length is important for accessibility of long floral tubes, while body size 

affects interactions with flowers in varying ways, from the ability of a pollinator to force open 

closed flowers to the support provided by a flower relative to size. Note that the top body size 

decile was split into two, 90-95% and 95-100%, so that there are 11 classes of body size. This is 

the numbering used to approximate mean body size decile. 

 

Newman-Clauset algorithm 

The Newman-Clauset (2016) annotated network algorithm takes as input a network file 

that lists every node labelled with some value of a metadata variable and every edge from source 

to target. The number of divisions (modules) to create is predetermined by the user. The 

algorithm uses a model called a stochastic block model to generate a random network based on 

the number of nodes and their degrees, the number of communities designated.  It uses a set of 

prior probabilities, which is a Bayesian statistical inference technique, for the assignment of 



nodes with a given metadata value to each community. The algorithm then fits the parameters of 

the model to the real network using a method called maximum likelihood. In this process, the 

likelihood that the observed network could be generated by the model is written as an equation, 

the logarithm of which is maximized by an expectation-maximization algorithm. The algorithm 

begins with estimates for the parameters and then iteratively converges on the maximum log 

likelihood of the equation, generating the most likely values of the parameters of the model. The 

model can then assign a posterior probability to each node for membership in each possible 

community, usually providing a strong preference for one community for each node. These 

assignments are the main output. (See Newman and Clauset 2016 for more information.) 

Because there can be local maximums in the maximization function, and because the 

initial conditions for the function are random, Newman and Clauset (2016) recommend running 

the algorithm several times to allow it to find the highest local maximum. This can be 

determined by the highest log likelihood value, which is included in the output. In the analyses of 

our data, however, the algorithm did not consistently succeed in computing the log likelihood, so 

I could not consistently use it to choose the best result. Instead I examined the assignments to 

judge how completely the nodes had been divided and how much variability there was between 

runs. This may have led to non-optimal results. 

Choosing k, the number of divisions for the algorithm to find also takes some judgment. I 

used k=3 or k=4 for most of the analyses because further division usually led to three main 

groups with splinters, and because in one test, higher k led to poorer correlation as quantified by 

the normalized mutual information, described in the next paragraph. 

 

Normalized mutual information 

A key metric for determining the influence of trait metadata on the algorithm’s results is 

the normalized mutual information (NMI). The algorithm only uses the metadata to determine 

community assignments to the degree that it is correlated with the communities; when the 

metadata is uninformative the algorithm relies on network structure alone and does not force 

community divisions based on metadata. The NMI can be calculated after a run to determine 

how correlated the metadata is to the divisions and thus the degree to which they influenced 

them, with 0 indicating no correlation and 1 indicating perfect correlation. NMI comes from 

information theory and is shown in equations (1-3) below.  

 

    (1) 

                           (2) 

    (3) 

(Newman and Clauset 2016) 

 

NMI consists of the conditional entropy of community assignments given the metadata, 

H(s|x) (1), subtracted from the total entropy of the community assignments, H(s) (2), normalized 

by dividing by the minimum of the total community entropy or metadata entropy (3). P(s|x) can 

be found in the output of the algorithm as one of the parameters maximized by the EM function, 

the gamma values, which are a matrix of community assignment probabilities for each metadata 

value. P(s) is derived from the fraction of nodes assigned to each community, or the posterior 

probability distribution. P(x) is the fraction of nodes with each metadata value.  



Another way to detect the influence of traits on the community divisions is to compare 

the divisions to that of a null model, where the metadata input is “NA” (or some other 

placeholder) for every node. I did this for several combinations of trait and year. 

 

Results 
I analyzed the 2013 and 2014 networks of the Frissell complex with body size and tongue 

length as metadata. The NMI scores were higher overall in 2014 than in 2013, although they did 

depend on the value of k (Table 1). 

 

Table 1.  Normalized mutual information quantifying correlation between metadata 

provided for a network module division analysis and the resulting module assignments, for 

various target numbers of modules (k). 

Year Trait k NMI 

2013 Tongue length 3 0.20 

2013 Body Size 3 0.07 

2013 Body Size 4 0.07 

2014 Tongue length 2 0.16 

2014 Tongue length 3 0.13 

2014 Tongue length 4 0.45 

2014 Tongue length 5 0.38 

2014 Body Size 3 0.46 

2014 Body Size 4 0.26 

 
Networks and modules 

The node groupings are shown below, formatted using the Fruchterman-Reingold layout 

algorithm built in to the R package igraph (Csardi 2006). This layout algorithm is force-directed, 

placing nodes closer together or farther apart depending on their connectedness (and is not 

deterministic, changing slightly with every run). It often, but not always, lines up with the 

groupings found by Newman and Clauset’s algorithm. 

The numbers given to groups are arbitrary and can change from run to run, even if the 

members of the group are the same.  

In 2013, based on the Fruchterman-Reingold layout, the network was fairly densely 

clustered throughout (Fig 1). The divisions found with body size as metadata were almost 

exactly the same as those found by a null trait analysis (Fig 2). Using tongue length as metadata 

was similarly ineffective. 



 
Figure 1—Frissell 2013 network modules, body size as metadata, k = 3 

 

 
Figure 2 – Data points (species) falling into various classes based on the Newman/Clauset algorithm with 

trait information (x-axis) versus classes that were calculated without trait information (y-axis), for the Frissell 

meadow complex in 2013. 

 

Body size values were dispersed throughout the network (Fig 3) and each module had a 

mid-range mean body decile (Table 2). 



 
Figure 3—Frissell 2013 network division, colors corresponding to body size and numbers corresponding to 

groups resulting from analysis with body size as metadata at k =3. 

 
  group     mean    StDev 

    1       5.60    3.05 

    2       5.75    3.14 

    3       6.37    3.10 

Table 2—Frissell 2013, mean body size decile (out of 11) in modules resulting from body size analysis. 

 

 

In 2014, the network was smaller and less well-connected overall. The tongue length 

analyses with k = 3 and k = 4 are both included, demonstrating the effect of adding a group: in 

this case, at least, the additional group (labelled as group 3 in the k = 4 analysis) was carved out 

of what is otherwise the division made at k = 3 (Fig 3 and 4). 



 
Figure 3 —Frissell 2014 network division, tongue length as metadata, k = 3 

 

 

 
Figure 4 —Frissell 2014 network division, tongue length as metadata, k = 4, with group 3 as the additional 

group 

Group 4 



 
 
Figure 5—Frissell 2014 network division, colors and numbers corresponding to groups resulting from body 

size as metadata, k = 3. 

 

The higher NMIs associated with 2014 body size and tongue length analyses for certain 

values of k indicate a higher correlation between metadata values and module divisions. A clear 

agreement between traits and division is most apparent in one module, group 2 of the 2014 body 

size analysis at k = 3 (Figure 6). Figure 7 shows the concentration of large body sizes in that 

module and Table 3 indicates its high average body size decile. Other modules in the analyses 

exhibited a full range of values and either had mid-range mean trait classes or a relatively high 

standard deviation (Tables 3 and 4). 

 

 



Figure 6—Frissell 2014 network division, colors corresponding to body size and numbers corresponding to 

groups resulting from analysis with body size as metadata at k =3.  

 
Group     mean       sd 

    1       5.93      2.64 

    2       9.67      1.03 

    3       6.83      2.86 

Table 3—Frissell 2014, mean body size decile in body size analysis groups. 

 

 
Figure 7—Frissell 2014 network division, colors corresponding to body size and numbers corresponding to 

groups resulting from analysis with tongue length as metadata at k =4. 

 
group     mean       sd 

    1     3.75      1.32 

    2     3.05      1.86 

    3     4.60      2.41 

    4     3.79      1.47 

 

Table 4—Frissell 2014, mean tongue length class (1-7) in body size analysis groups. 

 

 

 

Discussion 

Within the subset I examined, the importance of traits to the community divisions varied. 

The fact that the highest NMI was less than 0.5 indicated that the algorithm relied on patterns of 

structure unrelated to the trait values to a large degree in every case, which implies that there are 

other factors leading to the divisions found by the algorithm. This isn’t surprising, as there are 

many generalist pollinators and plants in the Andrews network which aren’t limited by a single 

trait to a subset of plants or pollinators. In 2013 in particular, the patterns of interactions in the 

network were virtually not affected at all by tongue length or body size. However, the difference 



in NMI scores for both traits between 2013 and 2014 is considerable. Even though the 2014 

NMIs aren’t high, they still suggest that the traits have some effect on the groupings.  

In comparing the division resulting from body size metadata in 2014 (BS) to the result 

with null trait values (N), it appears that the algorithm effectively chose to split the null groups 

roughly in half and recombine them into three new groups. Two of those groups, N1 and N3, 

were each split roughly along lines of size so that one part had a higher mean body size decile 

(Table x), but ultimately they were recombined with parts of N2 which both had mid-range 

means, creating groups BS1 and BS3 with middling means. However, part of N3 was sent to a 

small module, BS2, with a significantly higher mean (as seen in Table 3 above). The module and 

its members are showsn below (Fig). This module had six pollinator species, all of which were 

within the top 30% of body size. Examining the plants shared between the species reveals that 

they cluster around Cirsium callilepis, a thistle. It appears that the algorithm was able to find a 

correlation between clustering in the structure and the dominant trait in this small group, leading 

it to choose this division over the null grouping. The splitting of the other groups could have 

been a result of body size trends, or may have been basically equivalent and a result of the 

randomized initial conditions. Notably, the general shared feature of the members two larger 

groups may be flowering time of the flowers they share (A. Moldenke, pers. comm.), while BS2 

contains both early and late interactors, instead joined by body size.  

 
Table 5—Frissell 2014, mean body size decile in null analysis groups 

Ngroup     mean       sd 

     1     6.57      3.05 

     2     6.59      2.60 

     3     6.73      3.06 

 
Table 6—Frissell 2014, mean body size decile for the change in groups between null and body 

size analysis 
Ngroup BSgroup     mean       sd 

     1       1     4.00      2.31 

     1       3     8.00      2.43 

     2       1     6.53      2.46 

     2       3     6.71      3.00 

     3       2     9.67      1.03 

     3       3     5.63      2.83 

 

 



 
Figure  8– comparison of division of Frissell 2014 network with null and body size metadata 

 
Table 7—members of Frissell 2014 module BS2 

 
 

 

A small module found in the tongue length analysis of 2014’s network was not so clear: it 

contained members with tongues classified both as short and as extremely long and the flowers 

shared by them were generalist flowers that do not require a long tongue, with the exception of 

those visited by Selasphorus rufus, the rufus hummingbird. These plants were not shared by the 

others in the module, however, and it’s not clear why the hummingbird was grouped with them. 

The size of the larger modules makes it difficult to examine trends among the members 

themselves, which have many overlapping interactions with plants. Because of this and the fact 

that the larger groups tend to have pollinator species with the full range of trait values, it seems 

likely that these modules reflect supergeneralist interactions (A. Moldenke, personal 

communication). The trend of early and late blooming plant interactions found in the 2014 body 

size analysis may indicate a way to interpret the larger modules. A higher k value may lead to 

Plant 

Pollinator 

Figure 9—relationships between plants and pollinators in 

Frissell 2014 module BS2 

 



identification of more of the small specialist or cluster-oriented modules such as 2014’s BS2 

discussed above. Analyzing networks at the meadow level may also have this outcome. An 

additional approach that may clarify the results would be to filter out rare interactions, which are 

given disproportionate weight in the binary adjacency matrix, paring down some of the density 

of the network, or else to modify the algorithm to take weighted input. 

Based on the results at this stage, however, it seems unlikely that a single trait will have a 

strong impact on module detection in the Andrews plant-pollinator networks. Instead the 

structural patterns may result from a complex combination of traits, or may be based mostly on 

seasonal interaction timing and patterns of flower and pollinator abundance.  
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Appendices 

 
Appendix A: Code 

#####writegml###### 

#function to write gml file (input to Newman and Clauset’s algorithm) 

#arguments: outfile: gml filename to write to; nodes: data frame with id ($id) and metadata ($meta) for 

each node; edgelist: matrix output of igraph's as_edgelist with names=F 

######## 

writegml = function(outfile,nodes,edgelist) { 

  #header 

  cat('Creator "Anne Thomas"',"graph","[",file=outfile, sep="\n") 

  #nodes 

  nNodes = length(nodes$id) 

  for (n in 1:nNodes){ 

http://igraph.org/


    cat("  node","  [",file=outfile, sep="\n", append = TRUE) 

    idstring = paste("    id",nodes$id[n], sep = " ") 

    metastring = paste('    label "',nodes$meta[n], '"', sep = "") 

    cat(idstring, metastring, "  ]",file=outfile,sep="\n",append = TRUE) 

  } 

  #edges 

  for(i in 1:nrow(edgelist)){ 

    cat("  edge","  [",file=outfile, sep="\n", append = TRUE) 

    sourcestring = paste("    source ",edgelist[i,1], sep = "") 

    targetstring = paste("    target ",edgelist[i,2], sep = "") 

    cat(sourcestring,targetstring,"  ]",file=outfile,sep="\n",append = TRUE) 

  } 

  #closing bracket 

  cat("]",file=outfile,append=TRUE) 

} 

 

#####calculateNMI###### 

#####This function calculates the normalized mutual information for a given run of Newman 

and Clauset’s annotated network algorithm. Arguments: pollnodes, a dataframe of nodes 

including the names or ids, metadata values ($meta), and community assignments (posterior 

distribution); gammas, a dataframe (matrix may also work) of the gammas output by the 

algorithm (last EM step) ($group); and traitlevs, a data frame listing the levels of the metadata 

variable in alphabetical order and a column ($traitid) with a number corresponding to each level. 

Calculations based on Newman and Clauset 2016 and personal communication with the authors. 

###### 

 
calculateNMI = function(pollnodes,gammas,traitlevs){ 

 

  n = nrow(pollnodes) 

  print(paste("n:",n)) 

   

  ###calculate H(s|x) (the community assignment given the metadata value) 

  Hsum = 0 

  ##loop through the prior probabilities, gamma_sx, and sum gammaloggamma for s,x_u 

  for(i in 1:nrow(gammas)){ 

    for(j in 1:ncol(gammas)){ 

      gamma = gammas[i,j] 

      #print(gamma) 

      meta = as.character(traitlevs[which(traitlevs$traitid == j),1]) #extracts trait name based on position of 

j, alphabetical 

      #print(meta) 

      xsubu = nrow(pollnodes[which(pollnodes$meta == meta),]) 

      #print(xsubu) 

      ##to avoid log0 = -Inf 

      if(gamma != 0) 

      { 

        Hsum = Hsum + (gamma*log2(gamma)*xsubu) 

      } 

       

    } 



  } 

  #print(Hsum) 

  H_sx = Hsum*(-1/n) 

  print(paste("H(s|x):" , H_sx)) 

   

   

  ###calculate H(s) (using posterior distribution of s, community assignments) 

  k = nrow(gammas) 

   

  Hssum = 0 

  for(l in 1:k){ 

    ssubu = nrow(pollnodes[which(pollnodes$group == l),]) 

    p_s = ssubu/n 

    if(p_s != 0){ 

      Hssum = Hssum + (p_s*log2(p_s)) 

    } 

  } 

   

  H_s = -Hssum 

   

  print(paste("H(s):" , H_s)) 

   

  ###calculate H(x) (the metadata/trait values) 

  Hxsum = 0 

   

  for(t in 1:nrow(traitlevs)){ 

    p_x = as.numeric(traitlevs$number[t])/n 

    Hxsum = Hxsum + (p_x*log2(p_x)) 

  } 

   

  H_x = -Hxsum 

  print(paste("H(x):" , H_x)) 

   

  ###calculate mutual information I(s;x) 

  I_sx = H_s-H_sx 

  print(paste("I(s;x):" , I_sx)) 

  

   

  ###calculate normalized mutual information 

  NMI = I_sx/min(H_s,H_x) 

  print(paste("NMI:" , NMI)) 

   

  return(NMI) 

} 

 

########### 

 

####findgroup##### 

####function to extract group assignment from a row of output (posterior probabilities) of Newman and 

Clauset’s algorithm (use in ddply or for loop for file with output for each node) 

 



findgroup = function(outputrow){ 

  groupidxs = c(3:length(outputrow)) 

  groupprob = -1 

  groupassignment = NULL 

  for(i in groupidxs){ 

    if(outputrow[i] > groupprob){ 

      groupprob = outputrow[i] 

      groupassignment = i-2 

    }  

     

  } 

  return(groupassignment) 

} 

########### 

Appendix B: List of pollinators in Frissell 2013-2014 and their traits 

VectorName SIZE.decile. TongueLength TROPHIC.GUILD 

Acridid sp 1 70-80% very short-tongued herbivorous grasshopper 

Alypia langtoni 90-95% moderately long-tongued herbivorous moth; diurnal 

Ammophila sp 1 70-80% medium-tongue predaceous wasp 

Anaspis rufa 0-10% very short-tongued herbivorous beetle 

Andrena birtwelli 60-70% short-tongued solitary bee 

Andrena columbiana 60-70% short-tongued solitary bee 

Andrena pertristis carliniformis 60-70% short-tongued solitary bee 

Anthidium sp 1 70-80% moderately long-tongued solitary bee 

Anthidium sp 4 80-90% moderately long-tongued solitary bee 

Apis mellifera 80-90% moderately long-tongued social bee 

Asemosyrphus polygrammus 90-95% medium-tongue decomposer hover fly 

Ashmeadiella sp 1 30-40% moderately long-tongued solitary bee 

Asilid genus 1 95-100% medium-tongue bee-predaceous fly 

Blera scitula 80-90% medium-tongue decomposer hover fly 

Boloria epithore 70-80% very long-tongued herbivorous butterfly; diurnal 

Bombus bifarius 80-90% moderately long-tongued social bee 

Bombus californicus 95-100% moderately long-tongued social bee 

Bombus mixtus 90-95% moderately long-tongued social bee 

Bombus vosnesenskii 90-95% moderately long-tongued social bee 

Bombyliid genus 5 30-40% medium-tongue herbivore-parasitic beefly 

Bombylius major 80-90% very long-tongued bee-parasitic beefly 

Brachyleptura vexabilis 50-60% moderately short-tongued herbivorous beetle 

Bradysia sp 1 0-10% extremely short-tongued decomposer primitive fly 

Bruchid sp 1 10-20% very short-tongued herbivorous beetle 

Bruchid sp 2 10-20% very short-tongued herbivorous beetle 

Calliphorid genus 3 50-60% very short-tongued decomposer muscoid fly 

Calliphorid genus 5 50-60% very short-tongued decomposer muscoid fly 

Calliprobola pulchra 95-100% medium-tongue decomposer hover fly 

Cartosyrphus sp 1 60-70% medium-tongue decomposer hover fly 

Ceratina nanula 10-20% moderately long-tongued solitary bee 



Chalybion californica 80-90% medium-tongue predaceous wasp 

Cheilosia sp 1 30-40% medium-tongue decomposer hover fly 

Chlosyne hoffmannii 60-70% very long-tongued herbivorous butterfly; diurnal 

Chrysidid sp 9 30-40% medium-tongue predaceous wasp 

Chrysotoxum fasciatum 80-90% medium-tongue predaceous hover fly 

Coccinella septempunctata 80-90% very short-tongued predaceous beetle 

Colletes simulans nevadensis 60-70% short-tongued solitary bee 

Conophorus sp 2 60-70% medium-tongue herbivore-parasitic beefly 

Conophorus sp 3 60-70% medium-tongue herbivore-parasitic beefly 

Dialictus sp 1 30-40% short-tongued halictine bee 

Dialictus sp 2 30-40% short-tongued halictine bee 

Dialictus sp 3 40-50% short-tongued halictine bee 

Dialictus sp 4 30-40% short-tongued halictine bee 

Dialictus sp 6 20-30% short-tongued halictine bee 

Dufourea calochorti 50-60% short-tongued solitary bee 

Dufourea trochantera 30-40% short-tongued solitary bee 

Dufourea versatilis rubriventris 30-40% moderately long-tongued solitary bee 

Elaterid sp 13 80-90% very short-tongued herbivorous beetle 

Elaterid sp 14 70-80% very short-tongued herbivorous beetle 

Elaterid sp 15 10-20% very short-tongued herbivorous beetle 

Empidid sp X 60-70% extremely short-tongued decomposer primitive fly 

Epicauta puncticollis 80-90% very short-tongued herbivore-parasitic beetle 

Eris marginata 40-50% extremely short-tongued bee-predaceous spider 

Eristalis hirtus 70-80% medium-tongue decomposer hover fly 

Eristalis tenax 20-30% medium-tongue decomposer hover fly 

Erynnis propertius 70-80% very long-tongued herbivorous butterfly; diurnal 

Eschatocrepis constrictus 0-10% very short-tongued herbivorous beetle 

Eulonchus tristis 40-50% extremely long-tongued predator-parasitic beefly 

Eumenes oregonensis 70-80% medium-tongue predaceous wasp 

Eupeodes americanus 60-70% medium-tongue predaceous hover fly 

Eupeodes luniger 50-60% medium-tongue predaceous hover fly 

Eupeodes volucris 50-60% medium-tongue predaceous hover fly 

Euphydryas colon 40-50% moderately long-tongued herbivorous butterfly; diurnal 

Evylaeus sp 1 20-30% short-tongued halictine bee 

Evylaeus sp 2 10-20% short-tongued halictine bee 

Evylaeus sp 3 20-30% short-tongued halictine bee 

Formica fusca 20-30% very short-tongued omnivorous ant 

Halictus rubicundus 70-80% short-tongued halictine bee 

Halictus tripartitus 20-30% short-tongued halictine bee 

Hemiptera sp 1  40-50% medium-tongue herbivorous true-bug 

Heringia sp 2 10-20% medium-tongue decomposer hover fly 

Hesperia colorado 70-80% very long-tongued herbivorous butterfly; diurnal 

Hoplitis fulgida 80-90% moderately long-tongued solitary bee 

Hylaeus affinis 0-10% short-tongued solitary bee 



Hylaeus nevadensis 0-10% short-tongued solitary bee 

Hylaeus nunnenmacheri 30-40% short-tongued solitary bee 

Hylaeus wootoni 10-20% short-tongued solitary bee 

Ichneumonid sp 3 0-10% very short-tongued 
herbivore-parasitic primitive 
wasp 

Ichneumonid sp P 0-10% very short-tongued 
herbivore-parasitic primitive 
wasp 

Judiola instabilis 90-95% moderately short-tongued herbivorous beetle 

Judiola monticola 90-95% moderately short-tongued herbivorous beetle 

Leptura obliterata 90-95% moderately short-tongued herbivorous beetle 

Lepturopsis dolorosa 40-50% moderately short-tongued herbivorous beetle 

Lytta moerens 80-90% short-tongued bee-parasitic beetle 

Megachile brevis 70-80% moderately long-tongued solitary bee 

Megachile perihirta 90-95% moderately long-tongued solitary bee 

Megachile pugnata 90-95% moderately long-tongued solitary bee 

Melanostoma mellinum 30-40% medium-tongue predaceous hover fly 

Melissodes rivalis 80-90% moderately long-tongued solitary bee 

Mirid sp 1 10-20% medium-tongue herbivorous true-bug 

Mirid sp 10 10-20% medium-tongue herbivorous true-bug 

Mirid sp 3 10-20% medium-tongue herbivorous true-bug 

Mirid sp 4 0-10% medium-tongue herbivorous true-bug 

Mirid sp 6 0-10% medium-tongue herbivorous true-bug 

Mirid sp 7 0-10% medium-tongue herbivorous true-bug 

Mirid sp 8 0-10% medium-tongue herbivorous true-bug 

Misumena vatia 80-90% extremely short-tongued pollinator-predaceous spider 

Mordella atrata albosuturalis 20-30% very short-tongued herbivorous beetle 

Moth sp 11 10-20% moderately long-tongued herbivorous moth; diurnal 

Moth sp 12 10-20% moderately long-tongued herbivorous moth; diurnal 

Muscoid genus 1 20-30% very short-tongued herbivorous muscoid fly 

Muscoid genus 2 20-30% very short-tongued herbivorous muscoid fly 

Muscoid genus 3 40-50% very short-tongued herbivorous muscoid fly 

Neophasia menape 60-70% very long-tongued herbivorous butterfly; diurnal 

Nitidulid sp 1 0-10% very short-tongued herbivorous beetle 

Nomada sp 4 30-40% moderately long-tongued kleptoparasite bee 

Nowickia sp 1 95-100% short-tongued herbivore-parasitic muscoid fly 

Ochlodes sylvanodes 60-70% very long-tongued herbivorous butterfly; diurnal 

Osmia sp 15 40-50% moderately long-tongued solitary bee 

Osmia sp 18 80-90% moderately long-tongued solitary bee 

Osmia sp 23 40-50% moderately long-tongued solitary bee 

Osmia sp 24 70-80% moderately long-tongued solitary bee 

Osmia sp 27 80-90% moderately long-tongued solitary bee 

Papilio rutulus 95-100% extremely long-tongued herbivorous butterfly; diurnal 

Pentatomid sp 1 95-100% medium-tongue herbivorous true-bug 

Phyciodes mylitta 50-60% very long-tongued herbivorous butterfly; diurnal 



Physocephala sp 1 80-90% medium-tongue bee-parasitic conopid fly 

Platycheirus stegnoides 50-60% medium-tongue predaceous hover fly 

Platycheirus stegnus 40-50% medium-tongue predaceous hover fly 

Plebejus acmon 50-60% very long-tongued herbivorous butterfly; diurnal 

Plebejus icarioides 50-60% very long-tongued herbivorous butterfly; diurnal 

Poecilanthrax sp 1 70-80% medium-tongue bee-parasitic beefly 

Pseudoluperodes sp 1 10-20% very short-tongued herbivorous beetle 

Pseudomasaris zonalis 60-70% medium-tongue flower-feeding wasp 

Pyralid sp 1 40-50% moderately long-tongued herbivorous moth; diurnal 

Pyralid sp 2 40-50% moderately long-tongued herbivorous moth; diurnal 

Saxinis saucia 60-70% short-tongued detritivore beetle 

Scatophaga sp 1 30-40% very short-tongued herbivorous primitive wasp 

Selasphorus rufus 95-100% extremely long-tongued nectar & pollinator feeder 

Serica sp 1 70-80% very short-tongued herbivorous beetle 

Sericomyia chalcopyga 90-95% medium-tongue decomposer hover fly 

Speyeria zerene 80-90% extremely long-tongued herbivorous butterfly; diurnal 

Sphaerophoria continua 10-20% medium-tongue predaceous hover fly 

Sphaerophoria philanthus 10-20% medium-tongue predaceous hover fly 

Sphaerophoria sulphuripes 10-20% medium-tongue predaceous hover fly 

Sphecomyia pattoni 80-90% medium-tongue decomposer hover fly 

Steniola albicanthia 90-95% extremely long-tongued bee-predaceous wasp 

Stenodynerus sp 1 20-30% medium-tongue predaceous wasp 

Stenodynerus sp 2 20-30% medium-tongue predaceous wasp 

Symphoromyia sp 1 30-40% short-tongued decomposer fly 

Syrphus currani 60-70% medium-tongue predaceous hover fly 

Syrphus opinator 60-70% medium-tongue predaceous hover fly 

Syrphus ribesii 60-70% medium-tongue predaceous hover fly 

Syrphus vitripennis 60-70% medium-tongue predaceous hover fly 

Tachinid genus A 80-90% short-tongued herbivore-parasitic muscoid fly 

Tachinid genus B 30-40% short-tongued herbivore-parasitic muscoid fly 

Tachinid genus G 80-90% short-tongued herbivore-parasitic muscoid fly 

Tachinid genus L 20-30% short-tongued herbivore-parasitic muscoid fly 

Tachinid genus M 20-30% short-tongued herbivore-parasitic muscoid fly 

Tapinoma sessile 0-10% very short-tongued omnivorous ant 

Tephritid sp 1 0-10% short-tongued herbivorous fly 

Tephritid sp 2 0-10% short-tongued herbivorous fly 

Thecophora sp 1 20-30% medium-tongue bee-parasitic conopid fly 

Toxomerus marginatus 0-10% medium-tongue predaceous hover fly 

Toxophora sp 1 40-50% medium-tongue herbivore-parasitic beefly 

Toxophora sp 2 30-40% medium-tongue herbivore-parasitic beefly 

Trichodes ornatus 70-80% short-tongued bee-parasitic beetle 

Villa eumenes 70-80% medium-tongue herbivore-parasitic beefly 

Villa lateralis 95-100% medium-tongue herbivore-parasitic beefly 

Villa sp 2 90-95% medium-tongue herbivore-parasitic beefly 



Xylocopa californica 95-100% moderately long-tongued solitary bee 

Xylota sp 1 90-95% medium-tongue decomposer hover-fly 

Xylota sp 2 80-90% medium-tongue decomposer hover-fly 

Xylota sp 3 80-90% medium-tongue decomposer hover-fly 

Xylota sp 4 90-95% medium-tongue decomposer hover-fly 

Xylota sp 5 90-95% medium-tongue decomposer hover-fly 

Xysticus sp 50-60% extremely short-tongued pollinator-predaceous spider 

Zodion sp 2 40-50% medium-tongue bee-parasitic conopid fly 

Andrena scutellinitens 60-70% short-tongued solitary bee 

Bombus flavifrons 90-95% very long-tongued social bee 

Bombus unknown male 95-100% moderately long-tongued social bee 

Chrysidid sp 14-1 30-40% medium-tongue predaceous wasp 

Chrysidid sp 3 10-20% medium-tongue predaceous wasp 

Conopid sp 1 10-20% medium-tongue bee-parasitic conopid fly 

Conopid sp 3 10-20% medium-tongue bee-parasitic conopid fly 

Cosmosalia chrysostoma 80-90% moderately short-tongued herbivorous beetle 

Dianthidium ulkei 40-50% moderately long-tongued solitary bee 

Elaterid sp 1 70-80% very short-tongued herbivorous beetle 

Eupeodes lapponicus 60-70% medium-tongue predaceous hover fly 

Fly coccinelloid 60-70% very short-tongued decomposer fly 

Hoplitis albifrons 80-90% moderately long-tongued solitary bee 

Hylaeus verticalis 10-20% short-tongued solitary bee 

Ichneumonid sp 14-1 30-40% very short-tongued 
herbivore-parasitic primitive 
wasp 

Lasioglossum sp 1 40-50% short-tongued halictine bee 

Megachile sp 4 70-80% moderately long-tongued solitary bee 

Musca domestica 40-50% very short-tongued decomposer muscoid fly 

Nabis sp 14-1 50-60% moderately long-tongued predaceous true-bug 

Osmia coloradensis 60-70% moderately long-tongued solitary bee 

Osmia sp 27A 80-90% moderately long-tongued solitary bee 

Parnassius clodius 95-100% very long-tongued herbivorous butterfly; diurnal 

Plebejus anna 50-60% very long-tongued herbivorous butterfly; diurnal 

Pyralid metallic 40-50% moderately long-tongued herbivorous moth; diurnal 

Scaeva pyrastri 80-90% medium-tongue predaceous hover fly 

Schinia vacciniae 70-80% moderately long-tongued herbivorous moth; diurnal 

Tachinid genus C 70-80% short-tongued herbivore-parasitic muscoid fly 

Tachinid genus D 80-90% short-tongued herbivore-parasitic muscoid fly 

Tachinid genus X 80-90% short-tongued herbivore-parasitic muscoid fly 

Tachinid sp 14-1 20-30% short-tongued herbivore-parasitic muscoid fly 

Toxomerus occidentalis 0-10% medium-tongue predaceous hover fly 

Toxophora sp 8 40-50% medium-tongue herbivore-parasitic beefly 

Toxophora sp 9 30-40% medium-tongue herbivore-parasitic beefly 

Vespula pensylvanica 80-90% moderately long-tongued social wasp 

Xylota sp x 70-80% medium-tongue decomposer hover-fly 



 

Appendix C: Member species of network divisions 

 
Frissell 2013, Body Size, k = 3 

Pollinator species Guild 
Body size 
decile Group 

Alypia langtoni herbivorous butterfly; diurnal 90-95% 1 

Anaspis rufa herbivorous beetle 0-10% 1 

Calliphorid genus 5 predaceous muscoid fly 50-60% 1 

Chlosyne hoffmannii herbivorous butterfly; diurnal 60-70% 1 

Erynnis propertius herbivorous butterfly; diurnal 70-80% 1 

Eulonchus tristis predator-parasitic bee-fly 40-50% 1 

Eupeodes americanus predaceous hover-fly 60-70% 1 

Euphydryas colon herbivorous butterfly; diurnal 40-50% 1 

Hemiptera sp 1  herbivorous true-bug 40-50% 1 

Hesperia colorado herbivorous butterfly; diurnal 70-80% 1 

Ichneumonid sp P herbivore-parasitic wasp 0-10% 1 

Judiola instabilis herbivorous beetle 90-95% 1 

Megachile brevis solitary bee 70-80% 1 

Megachile perihirta solitary bee 90-95% 1 

Mirid sp 3 herbivorous true-bug 10-20% 1 

Mirid sp 4 herbivorous true-bug 0-10% 1 

Mirid sp 6 herbivorous true-bug 0-10% 1 

Mirid sp 7 herbivorous true-bug 0-10% 1 

Moth sp 11 herbivorous moth; nocturnal 10-20% 1 

Osmia sp 27 solitary bee 80-90% 1 

Phyciodes mylitta herbivorous butterfly; diurnal 50-60% 1 

Platycheirus stegnoides predaceous hover-fly 50-60% 1 

Platycheirus stegnus predaceous hover-fly 40-50% 1 

Poecilanthrax sp 1 bee-parasitic bee-fly 70-80% 1 

Pyralid sp 1 herbivorous moth; nocturnal 40-50% 1 

Stenodynerus sp 1 predaceous wasp 20-30% 1 

Syrphus vitripennis predaceous hover-fly 60-70% 1 

Tachinid genus A herbivore-parasitic muscoid fly 80-90% 1 

Tachinid genus M herbivore-parasitic muscoid fly 20-30% 1 

Xylota sp 2 decomposer hover-fly 80-90% 1 

Andrena birtwelli solitary bee 60-70% 2 

Anthidium sp 1 solitary bee 70-80% 2 

Asemosyrphus polygrammus decomposer hover-fly 90-95% 2 

Ashmeadiella sp 1 solitary bee 30-40% 2 

Asilid genus 1 pollinator-predaceous fly 95-100% 2 

Boloria epithore herbivorous butterfly; diurnal 70-80% 2 

Bombus californicus social bee 95-100% 2 

Bombus mixtus social bee 90-95% 2 



Bombus vosnesenskii social bee 90-95% 2 

Bombyliid genus 5 herbivore-parasitic bee-fly 30-40% 2 

Bruchid sp 1 herbivorous beetle 10-20% 2 

Bruchid sp 2 herbivorous beetle 10-20% 2 

Calliphorid genus 3 predaceous muscoid fly 50-60% 2 

Cartosyrphus sp 1 decomposer hover-fly 60-70% 2 

Ceratina nanula solitary bee 10-20% 2 

Chrysidid sp 9 bee-parasitic wasp 30-40% 2 

Coccinella septempunctata predaceous beetle 80-90% 2 

Dialictus sp 4 halictine bee 30-40% 2 

Dialictus sp 6 halictine bee 20-30% 2 

Dufourea calochorti solitary bee 50-60% 2 

Dufourea trochantera solitary bee 30-40% 2 

Dufourea versatilis rubriventris solitary bee 30-40% 2 

Elaterid sp 13 herbivorous beetle 80-90% 2 

Elaterid sp 14 herbivorous beetle 70-80% 2 

Elaterid sp 15 herbivorous beetle 10-20% 2 

Eumenes oregonensis predaceous wasp 70-80% 2 

Eupeodes volucris predaceous hover-fly 50-60% 2 

Halictus tripartitus halictine bee 20-30% 2 

Hoplitis fulgida solitary bee 80-90% 2 

Hylaeus affinis solitary bee 0-10% 2 

Hylaeus nunnenmacheri solitary bee 30-40% 2 

Hylaeus wootoni solitary bee 10-20% 2 

Ichneumonid sp 3 herbivore-parasitic wasp 0-10% 2 

Judiola monticola herbivorous beetle 90-95% 2 

Leptura obliterata herbivorous beetle 90-95% 2 

Lepturopsis dolorosa herbivorous beetle 40-50% 2 

Melanostoma mellinum predaceous hover-fly 30-40% 2 

Mirid sp 10 herbivorous true-bug 10-20% 2 

Mirid sp 8 herbivorous true-bug 0-10% 2 

Misumena vatia pollinator-predaceous spider 80-90% 2 

Moth sp 12 herbivorous moth; nocturnal 10-20% 2 

Muscoid genus 1 herbivorous muscoid fly 20-30% 2 

Muscoid genus 2 herbivorous muscoid fly 20-30% 2 

Nitidulid sp 1 herbivorous beetle 0-10% 2 

Nomada sp 4 kleptoparasitic bee 30-40% 2 

Ochlodes sylvanodes herbivorous butterfly; diurnal 60-70% 2 

Osmia sp 15 solitary bee 40-50% 2 

Osmia sp 23 solitary bee 40-50% 2 

Osmia sp 24 solitary bee 70-80% 2 

Physocephala sp 1 bee-parasitic fly 80-90% 2 

Pseudoluperodes sp 1 herbivorous beetle 10-20% 2 

Pseudomasaris zonalis solitary bee 60-70% 2 



Pyralid sp 2 herbivorous moth; nocturnal 40-50% 2 

Saxinis saucia detritivorous beetle 60-70% 2 

Scatophaga sp 1 decomposer muscoid fly 30-40% 2 

Selasphorus rufus hummingbird 95-100% 2 

Serica sp 1 herbivorous beetle 70-80% 2 

Sericomyia chalcopyga decomposer hover-fly 90-95% 2 

Speyeria zerene herbivorous butterfly; diurnal 80-90% 2 

Sphaerophoria continua predaceous hover-fly 10-20% 2 

Sphecomyia pattoni decomposer hover-fly 80-90% 2 

Steniola albicanthia bee-predaceous wasp 90-95% 2 

Stenodynerus sp 2 predaceous wasp 20-30% 2 

Symphoromyia sp 1 misc fly 30-40% 2 

Tachinid genus L herbivore-parasitic muscoid fly 20-30% 2 

Tephritid sp 1 herbivorous misc fly 0-10% 2 

Tephritid sp 2 herbivorous misc fly 0-10% 2 

Toxophora sp 1 herbivore-parasitic bee-fly 40-50% 2 

Toxophora sp 2 herbivore-parasitic bee-fly 30-40% 2 

Villa eumenes herbivore-parasitic bee-fly 70-80% 2 

Villa sp 2 herbivore-parasitic bee-fly 90-95% 2 

Xylocopa californica solitary bee 95-100% 2 

Xylota sp 3 decomposer hover-fly 80-90% 2 

Xysticus sp pollinator-predaceous spider 50-60% 2 

Zodion sp 2 bee-parasitic fly 40-50% 2 

Acridid sp 1 herbivorous grasshopper 70-80% 3 

Ammophila sp 1 predaceous wasp 70-80% 3 

Andrena columbiana solitary bee 60-70% 3 

Andrena pertristis carliniformis solitary bee 60-70% 3 

Anthidium sp 4 solitary bee 80-90% 3 

Apis mellifera social bee 80-90% 3 

Blera scitula decomposer hover-fly 80-90% 3 

Bombus bifarius social bee 80-90% 3 

Bombylius major bee-parasitic bee-fly 80-90% 3 

Brachyleptura vexabilis herbivorous beetle 50-60% 3 

Bradysia sp 1 detritivorous primitive fly 0-10% 3 

Calliprobola pulchra decomposer hover-fly 95-100% 3 

Chalybion californica predaceous wasp 80-90% 3 

Cheilosia sp 1 decomposer hover-fly 30-40% 3 

Chrysotoxum fasciatum predaceous hover-fly 80-90% 3 

Colletes simulans nevadensis solitary bee 60-70% 3 

Conophorus sp 2 herbivore-parasitic bee-fly 60-70% 3 

Conophorus sp 3 herbivore-parasitic bee-fly 60-70% 3 

Dialictus sp 1 halictine bee 30-40% 3 

Dialictus sp 2 halictine bee 30-40% 3 

Dialictus sp 3 halictine bee 40-50% 3 



Empidid sp X detritivorous primitive fly 60-70% 3 

Epicauta puncticollis predaceous beetle 80-90% 3 

Eris marginata pollinator-predaceous spider 40-50% 3 

Eristalis hirtus decomposer hover-fly 70-80% 3 

Eristalis tenax decomposer hover-fly 20-30% 3 

Eschatocrepis constrictus herbivorous beetle 0-10% 3 

Eupeodes luniger predaceous hover-fly 50-60% 3 

Evylaeus sp 1 halictine bee 20-30% 3 

Evylaeus sp 2 halictine bee 10-20% 3 

Evylaeus sp 3 halictine bee 20-30% 3 

Formica fusca omnivorous ant 20-30% 3 

Halictus rubicundus halictine bee 70-80% 3 

Heringia sp 2 decomposer hover-fly 10-20% 3 

Hylaeus nevadensis solitary bee 0-10% 3 

Lytta moerens bee-parasitic beetle 80-90% 3 

Megachile pugnata solitary bee 90-95% 3 

Melissodes rivalis solitary bee 80-90% 3 

Mirid sp 1 herbivorous true-bug 10-20% 3 

Mordella atrata albosuturalis herbivorous beetle 20-30% 3 

Muscoid genus 3 herbivorous muscoid fly 40-50% 3 

Neophasia menape herbivorous butterfly; diurnal 60-70% 3 

Nowickia sp 1 herbivore-parasitic muscoid fly 95-100% 3 

Osmia sp 18 solitary bee 80-90% 3 

Papilio rutulus herbivorous butterfly; diurnal 95-100% 3 

Pentatomid sp 1 herbivorous true-bug 95-100% 3 

Plebejus acmon herbivorous butterfly; diurnal 50-60% 3 

Plebejus icarioides herbivorous butterfly; diurnal 50-60% 3 

Sphaerophoria philanthus predaceous hover-fly 10-20% 3 

Sphaerophoria sulphuripes predaceous hover-fly 10-20% 3 

Syrphus currani predaceous hover-fly 60-70% 3 

Syrphus opinator predaceous hover-fly 60-70% 3 

Syrphus ribesii predaceous hover-fly 60-70% 3 

Tachinid genus B herbivore-parasitic muscoid fly 30-40% 3 

Tachinid genus G herbivore-parasitic muscoid fly 80-90% 3 

Tapinoma sessile omnivorous ant 0-10% 3 

Thecophora sp 1 bee-parasitic fly 20-30% 3 

Toxomerus marginatus predaceous hover-fly 0-10% 3 

Trichodes ornatus bee-parasitic beetle 70-80% 3 

Villa lateralis herbivore-parasitic bee-fly 95-100% 3 

Xylota sp 1 decomposer hover-fly 90-95% 3 

Xylota sp 4 decomposer hover-fly 90-95% 3 

Xylota sp 5 decomposer hover-fly 90-95% 3 

 

 



Frissell 2014, Body Size, k = 3 

Pollinator species Guild 
Body size 
decile Group 

Acridid sp 1 herbivorous grasshopper 70-80% 1 

Ammophila sp 1 predaceous wasp 70-80% 1 

Asemosyrphus polygrammus decomposer hover-fly 90-95% 1 

Blera scitula decomposer hover-fly 80-90% 1 

Boloria epithore herbivorous butterfly; diurnal 70-80% 1 

Calliprobola pulchra decomposer hover-fly 95-100% 1 

Cartosyrphus sp 1 decomposer hover-fly 60-70% 1 

Chlosyne hoffmannii herbivorous butterfly; diurnal 60-70% 1 

Conopid sp 3 bee-parasitic fly 10-20% 1 

Dialictus sp 3 halictine bee 40-50% 1 

Dianthidium ulkei solitary bee 40-50% 1 

Elaterid sp 1 herbivorous beetle 70-80% 1 

Eristalis tenax decomposer hover-fly 20-30% 1 

Eupeodes lapponicus predaceous hover-fly 60-70% 1 

Euphydryas colon herbivorous butterfly; diurnal 40-50% 1 

Evylaeus sp 2 halictine bee 10-20% 1 

Evylaeus sp 3 halictine bee 20-30% 1 

Halictus tripartitus halictine bee 20-30% 1 

Hesperia colorado herbivorous butterfly; diurnal 70-80% 1 

Lepturopsis dolorosa herbivorous beetle 40-50% 1 

Megachile brevis solitary bee 70-80% 1 

Musca domestica misc fly 40-50% 1 

Nabis sp 14-1 herbivorous true-bug 50-60% 1 

Osmia sp 24 solitary bee 70-80% 1 

Platycheirus stegnus predaceous hover-fly 40-50% 1 

Plebejus anna herbivorous butterfly; diurnal 50-60% 1 

Plebejus icarioides herbivorous butterfly; diurnal 50-60% 1 

Poecilanthrax sp 1 bee-parasitic bee-fly 70-80% 1 

Pyralid metallic herbivorous butterfly; diurnal 40-50% 1 

Sericomyia chalcopyga decomposer hover-fly 90-95% 1 

Sphaerophoria continua predaceous hover-fly 10-20% 1 

Sphaerophoria sulphuripes predaceous hover-fly 10-20% 1 

Stenodynerus sp 1 predaceous wasp 20-30% 1 

Syrphus currani predaceous hover-fly 60-70% 1 

Tachinid genus B herbivore-parasitic muscoid fly 30-40% 1 

Tachinid genus C herbivore-parasitic muscoid fly 70-80% 1 

Tachinid sp 14-1 herbivore-parasitic muscoid fly 20-30% 1 

Toxomerus occidentalis predaceous hover-fly 0-10% 1 

Toxophora sp 1 herbivore-parasitic bee-fly 40-50% 1 

Toxophora sp 9 herbivore-parasitic bee-fly 30-40% 1 

Villa eumenes herbivore-parasitic bee-fly 70-80% 1 



Villa lateralis herbivore-parasitic bee-fly 95-100% 1 

Bombus flavifrons social bee 90-95% 2 

Halictus rubicundus halictine bee 70-80% 2 

Megachile perihirta solitary bee 90-95% 2 

Melissodes rivalis solitary bee 80-90% 2 

Parnassius clodius herbivorous butterfly; diurnal 95-100% 2 

Steniola albicanthia bee-predaceous wasp 90-95% 2 

Andrena scutellinitens solitary bee 60-70% 3 

Apis mellifera social bee 80-90% 3 

Ashmeadiella sp 1 solitary bee 30-40% 3 

Bombus bifarius social bee 80-90% 3 

Bombus mixtus social bee 90-95% 3 

Bombus unknown male social bee 95-100% 3 

Bombus vosnesenskii social bee 90-95% 3 

Bombylius major bee-parasitic bee-fly 80-90% 3 

Cheilosia sp 1 decomposer hover-fly 30-40% 3 

Chrysidid sp 14-1 bee-parasitic wasp 30-40% 3 

Chrysidid sp 3 bee-parasitic wasp 10-20% 3 

Chrysotoxum fasciatum predaceous hover-fly 80-90% 3 

Coccinella septempunctata predaceous beetle 80-90% 3 

Conopid sp 1 bee-parasitic fly 10-20% 3 

Cosmosalia chrysostoma herbivorous beetle 80-90% 3 

Dialictus sp 1 halictine bee 30-40% 3 

Dufourea versatilis rubriventris solitary bee 30-40% 3 

Epicauta puncticollis predaceous beetle 80-90% 3 

Eristalis hirtus decomposer hover-fly 70-80% 3 

Eupeodes americanus predaceous hover-fly 60-70% 3 

Evylaeus sp 1 halictine bee 20-30% 3 

Fly coccinelloid misc fly 60-70% 3 

Formica fusca omnivorous ant 20-30% 3 

Hoplitis albifrons solitary bee 80-90% 3 

Hylaeus verticalis solitary bee 10-20% 3 

Hylaeus wootoni solitary bee 10-20% 3 

Ichneumonid sp 14-1 herbivore-parasitic wasp 30-40% 3 

Judiola instabilis herbivorous beetle 90-95% 3 

Lasioglossum sp 1 halictine bee 40-50% 3 

Megachile sp 4 solitary bee 70-80% 3 

Mordella atrata albosuturalis herbivorous beetle 20-30% 3 

Muscoid genus 3 herbivorous muscoid fly 40-50% 3 

Nowickia sp 1 herbivore-parasitic muscoid fly 95-100% 3 

Osmia coloradensis solitary bee 60-70% 3 

Osmia sp 27A solitary bee 80-90% 3 

Saxinis saucia detritivorous beetle 60-70% 3 

Scaeva pyrastri predaceous hover-fly 80-90% 3 



Schinia vacciniae herbivorous butterfly; diurnal 70-80% 3 

Selasphorus rufus hummingbird 95-100% 3 

Syrphus opinator predaceous hover-fly 60-70% 3 

Tachinid genus A herbivore-parasitic muscoid fly 80-90% 3 

Tachinid genus D herbivore-parasitic muscoid fly 80-90% 3 

Tachinid genus X herbivore-parasitic muscoid fly 80-90% 3 

Tapinoma sessile omnivorous ant 0-10% 3 

Toxophora sp 8 herbivore-parasitic bee-fly 40-50% 3 

Trichodes ornatus bee-parasitic beetle 70-80% 3 

Vespula pensylvanica social wasp 80-90% 3 

Xylota sp x decomposer hover-fly 70-80% 3 

 


