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Abstract

Recent studies on ecological networks have quantified the contribution of ecological,
historical and evolutionary factors on the structure of local communities of interacting
species. However, the influence of species’ biogeographical traits, such as migratory habits or
phylogeographical history, on ecological networks is poorly understood. Meta-networks, i.e.
networks that cover large spatial extensions and include species not co-occurring locally,
enable us to investigate mechanisms that operate at larger spatial scales such as migratory
patterns or phylogeographical distributions, as well as indirect relationships among species
through shared partners. Using a meta-network of hummingbird-plant interaction across
Mexico we illustrate the usefulness of this approach by investigating (1) how biogeographical
and morphological factors associate with observed interactions, and (2) how species-specific
biogeographical characteristics associate with species’ network roles. Our results show that
all studied hummingbird and plant species in the meta-network were interrelated, either
directly or through shared partners. The meta-network was structured into modules, resulting
from hummingbirds and plants interacting preferentially with subsets of species, which
differed in biogeographical, and, to a lesser extent, morphological traits. Furthermore,
migrants and hummingbirds from Nearctic, Transition and widespread regions had a higher
topological importance in the meta-network. Taken together, this study illustrates how meta-
networks may contribute to our current knowledge on species biogeographical traits and

biotic interactions, providing a perspective complementary to local-scale networks.

Keywords biotic interactions, migration, modularity, morphology, phylogeny, pollination
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INTRODUCTION

Species interactions, such as pollination and other mutualistic associations, are widespread
and crucial for the functioning of most ecological communities (Rech et al. 2016). An urgent
challenge in ecology amidst global change is to quantify the contribution of ecological,
historical, evolutionary and biogeographic mechanisms in the structuring of communities of
interacting species (Ricklefs 1987; Cavender-Bares et al. 2009; Martin Gonzalez et al. 2015;
Heilmann-Clausen et al. 2017; Dalsgaard et al. 2018). This is a complex subject, as species
typically show a context-dependent behavior reflecting their adaptation to a mosaic of factors
presented in their local communities, which in turn interplay at different scales. Hence, the
need of using a wide set of complementary analyses to study the effect of different factors and
at different scales (Thuillier et al. 2013; Poisot et al. 2015). For instance, the study of
interactions between plants and their pollinators over different seasons and years, including
species whose phenophases may not fully overlap, has enabled us to explore the effect of
climate, resource seasonality and species phenophases on community structure and species’
roles. Besides a more accurate understanding of community structure and build up, these
networks allow us to characterize more accurate the role of species and potential fluctuations
over time (Martin Gonzalez et al. 2012; Chacoff et al. 2017, Kantsa et al. 2018). Similarly, the
study of “meta-networks”, i.e. networks of biotic interactions covering large spatial scales,
across biomes or in fragmented habitats, may give new insights into how species
biogeographical traits such as phylogeographical distribution, range dynamics or migratory
habits influence ecological networks, of which there is scarce knowledge (Heilmann-Clausen

et al. 2016; Araujo et al., 2018; Emer et al. 2018).

Meta-networks enable us to study indirect interactions among species, that is, relationships
between species that do not co-occur spatially or temporally, but which may have an effect on
each other through third species. For instance, two consumer species whose ranges may not
overlap currently but which visit a similar array of resources, and hence may prevent the
expansion into each other ranges. Hence, the study of meta-networks may be particularly
useful to understand landscape dynamics, such as the effect of biotic interactions on range

dynamics (e.g. Aratijo and Luoto 2007), and the role and importance of species which,
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because of large spatial distributions (e.g. migrant species), may appear as peripheral in local

networks due a lower detection probability (Vazquez et al. 2009).

Biogeographical factors may be especially important in areas with a complex geography and
topography, in contact zones between biogeographical realms and in areas with communities
containing species with large differences in range distributions or migratory habits. An
outstanding combination of such factors is the Mexican hummingbird-plant assemblage.
Mexico is located at the transition between the Nearctic and Neotropical realms (Halffter
1987; Rzedowski 1965), and exhibits a complex topography and geological history (Morrone
2010; Morrone et al. 2017; Fig. 1). Its wide array of ecological conditions has favoured
population isolation and the action of in situ evolutionary processes (Navarro et al. 2002),
enabling to find fauna, largely endemic, with different biogeographical and evolutionary
origins. For instance, the Mexican hummingbird fauna appears to have arisen from multiple
independent invasions of different phylogenetic lineages and at different times (Stiles 1981;
Brown and Bowers 1985; Bleiweiss 1998; Licona-Vera and Ornelas 2017; see more details in
methods). Several of the Mexican hummingbirds have very particular biogeographical and
ecological restrictions, which entails both processes of diversification and endemism
(Rodriguez-Gomez et al. 2013; Malpica and Ornelas 2014; Licona-Vera and Ornelas 2014;
Ornelas et al. 2015). For instance, most of the 24 endemic Mexican hummingbirds are
restricted to regions of narrow extensions, little landscape connectivity, and complex
topography and floral composition. Furthermore, the Mexican hummingbird fauna includes a
mixture of sedentary, altitudinal and short-distance migrants who track nectar availability of
local resources, and obligate seasonal long-distance migrants who have latitudinally different

winter and breeding grounds (e.g. Lara 2006; Licona-Vera and Ornelas 2017).

Hence, given the large differences phylogeographical history, range distributions and
migratory habits among Mexican species, we expect these biogeographical traits to exert a
strong effect on hummingbird-plant interactions and, therefore, on network structure.
However, most studies on hummingbird-plant assemblages have focused exclusively on the

effect of morphological traits, which have been shown to regulate interactions in some but not
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all communities (e.g. Maglianesi et al. 2014, 2015; Vizentin-Bugoni et al. 2014; Weinstein
and Graham 2017; Dalsgaard et al. 2018). For instance, in the Brazilian Cerrado hummingbird
traits have been shown to produce modules within local networks with their nectar-food plants
(Maruyama et al. 2014). On the other hand, the role of biogeographical traits remains less
well known (Sonne et al. 2016; Araujo et al. 2018). In this study we investigate the role of
hummingbird's biogeographical and morphological traits in structuring a meta-network
comprising all available information on hummingbird-plant interaction across Mexico. We
expect that the Mexican meta-network will show a strong modular pattern in which modules
can be interpreted in terms of species’ biogeographical traits, an analogous outcome to the
modular pattern of highly seasonal mutualistic assemblages where modules reflect species’
staggered phenophases (Martin Gonzalez et al. 2012). Specifically, we investigate (1) how
hummingbird’s biogeographical and morphological traits associate with the modular partition,
and (2) how hummingbird’s biogeographical and morphological traits may associate with the

network role of hummingbirds in the meta-network.

Methods

Study area and study species

Mexico is an outstanding example of complex biogeographical patterns (Morrone 2010;
Morrone et al. 2017). The country currently stands out as a mega-diverse country, likely a
consequence of its location at the transition between the Nearctic and Neotropical realms
(Halffter 1964, 1987; Rzedowski 1965, 1992) and the close relationship between
geological/climatic and speciation events (Croizat 1958, 1964; Rosen 1978; Halffter 1987;
Liebherr 1991; Luna-Vega et al. 1999). In Mexico, the Nearctic realm comprises the arid
subtropical areas that extend from northern to the high plateaus along the Volcanic Belt and
the Sierras Madre, where it intermixes broadly with the Neotropical realm which includes
humid and subhumid tropical areas in the central-south part of the country (Halffter 1964;

Morrone and Marquez 2001; Morrone et al. 2017; Fig. 1).
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Hummingbirds (Trochilidae) are the most highly specialized nectarivorous birds in the New
World, relying almost exclusively on nectar as a food source (Stiles 1981). They distribute
from Alaska through Patagonia, and their interactions with plants show strong
biogeographical and evolutionary patterns, ranging from generalized to highly specialized
(Stiles 1978; Dalsgaard et al. 2009, 2011; Abrahamczyk and Kessler 2014; Martin Gonzalez
et al. 2015; Sonne et al. 2016). Their adaptive radiation manifests them as a highly diverse
clade, with more than 338 described species (McGuire et al. 2014). With approximately 58
recognized species, Mexico hosts 17% of the described hummingbird species. The Mexican
hummingbird fauna is relatively recent and results from various colonization waves from
South America (McGuire et al. 2014; Ornelas et al. 2014). The high habitat diversity and
abrupt environmental and climatic changes that characterize Mexico have played a key role
on processes of divergence and speciation, resulting in a great level of endemism and varied
migratory habits of Mexican hummingbirds (Malpica and Ornelas 2014; Licona-Vera and

Ornelas 2017; Appendix 1).

Interaction data and species traits

We compiled 37 hummingbird-plant interaction networks describing feeding relationships
between hummingbirds and plants throughout Mexico, spanning over nine different habitats
and ten biogeographic provinces (as defined by Morrone et al. 2017), including both
Neotropical and Nearctic realms and the Transition zone (Fig. 1, coordinates and references
for details on Appendix 2). Overall, we compiled information on hummingbird visitation for
41 hummingbird species and 354 plant species, covering all but three of the nine
taxonomically recognized phylogenetic lineages (McGuire et al. 2014) and comprising a wide
range of body masses (2.5-11.9 g) and bill lengths (11.3—43.2 mm). Hummingbirds were
classified following Escalante et al. (1993) as endemic, when their entire distribution is
restricted to Mexico (8 species); semi-endemic, when the entire population is seasonally
present in Mexico or in narrowly overlapping adjacent countries (<35000Km?; 9 species); and
non-endemic (24 species). Some hummingbirds have long-distance migratory habits (7

species), others migrate locally (9 species) and others are year residents (25 species;
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Arizmendi and Berlanga 2014). The biogeographical distribution of hummingbirds was
categorized as Nearctical, when the hummingbird was reported only in Nearctical or in
Nearctical and Transition localities (6 species), as Neotropical when the hummingbird was
reported only in Neotropical or in Neotropical and Transition localities (16 species), as
Transition, when the hummingbird was reported only in Transition localities (8 species), or
widespread if the hummingbird was present in Nearctical, Neotropical and Transition regions
(11 species; Table 1). Plants belong to 66 different families, are mostly native species (271
species, 92% of total) and include both typical ornithophilous and non-ornithophilous floral

morphologies (see Appendix 2 for a list of plants present in the meta-network).

Meta-network analyses

To investigate the structure of the Mexican meta-network, we merged all information on the
presence/absence of species interactions into a single meta-network describing whether each
hummingbird and plant species interacted anywhere in Mexico (Appendix 2). We thereafter
examined the potential modularity of this meta-network. Modularity was calculated in
MODULAR (Marquitti et al. 2014) using Barber’s metric for bipartite networks (Barber
2007), with simulated annealing as the searching algorithm and following the recommended
program settings (Marquitti et al. 2014; Appendix 3). Barber’s modularity divides the matrix
into an a priori undefined number of modules using matrix’s eigenvalues, minimizing the
number of links between modules while maximizing within-module connectance (Barber
2007). Hence, in the resulting partition, species located in the same module interact more
among themselves than with species from other modules. As MODULAR uses an iterative
searching algorithm, we investigated the robustness of the resulting modular partition by
running the analysis 30 times using different seed set numbers. In addition, we estimated the
significance of each run against 100 null matrices obtained with MODULAR’s Null Model 2,
which creates matrices with the same number of species and interactions as the empirical one,
and in which species interaction probability is based on their observed connectivity

(Bascompte et al. 2003; Marquitti et al. 2014).
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We examined the resulting modular partition in order to understand the underlying
mechanisms associated with such pattern of interactions. We performed a non-metric
multidimensional scaling (NMDS) of hummingbird morphological and biogeographical traits
known or hypothesized to associate with hummingbird-plant interactions, namely bill length,
body mass, degree of endemicity, migratory habits and biogeographical distribution. The
NMDS was run following the approach recommended in the R package vegan (Oksanen et al.
2017), e.g. the ordination was run 5 times, with a minimum number of 200 iterations and
using the previous best solution as starting point. To the resulting ordination, we fit a
secondary matrix, which included group membership (e.g. which groups of hummingbirds
were found in the same modules in the different runs of the modularity algorithm) and
phylogenetic lineage as factors. Hence, we tested whether species from different groups or
from different hummingbird phylogenetic lineages show different morphological or

biogeographical traits.

Finally, from the resulting modular partition we obtained information on the network role of
each hummingbird species by computing species’ within-module degree (z-values) and
among-module connectivity (c-values) in the cz-values function from the R package bipartite
(Dormann 2012). Within and among module connectivities are calculated as z = (kis — KSpar) /
SDy and ¢ = 1 — X (ki/k;)%, respectively, where k; is the degree of focal species i; ki, is the
degree of focal species i to the rest of the species within i's module; ks, is the average degree
of all species in module s; SDyis the standard deviation of the degrees of species in module s;
and k; is the number of links of focal species i to species located in module ¢ (Olesen et al.
2007; Dormann 2012). Hummingbirds can therefore be classified according to how their
interactions distributed within and across modules as Aubs when their z-values are high; as
connectors, when their c-values are high; and as peripherals, when they are poorly connected
and only within their module, and hence both their ¢ and z-values are small. As hummingbird
traits were a mixture of continuous (bill length and body mass), categorical ordered (degree
of endemicity and migratory habits) and categorical unordered variables (biogeographical

distribution), we used a non-parametric multiple regression with kernel estimation to examine
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whether their z and c-values associate with any of these traits, using the R package np
(Hayfield and Racine 2017). All statistical analyses were performed in R 3.3.1 (R

Development Core Team 2014).

Results

The meta-network consisted of 395 species and 1128 interactions, and had a connectance of
8%. All species conformed the giant component, that is, there were no separate subnetworks
of species. The two most distant species in the meta-network were seven edges apart, while
the average number of shortest paths between any two species in the meta-network was 3.389.
Different runs of the MODULAR algorithm yielded different though relatively constant
modularity values (M = 0.466 £ 0.004), all of which were highly significant when compared
to null models (all p-values <0.001; Appendix 3). Despite resulting partitions varied between
five and eight different modules, species composition of modules was relatively constant,
with all but five of the hummingbird species being placed over 87% of the runs together in the
same module (that is, in 26 out of the 30 runs of the modularity algorithm; Fig. 2; group
species compositions are given in Appendix 2; results from the modularity analysis are given

in Appendix 3).

The NMDS analysis on the morphological and biogeographical traits of the 41 hummingbird
species of the meta-network resulted in a two-dimensional solution with a stress value of
0.132 (Fig. 3). In axis 1 morphological traits and biogeographical distribution had positive
scores whereas degree of endemism and migratory behavior had negative scores. The
strongest associations were, in this order, with hummingbird migratory behavior and
biogeographical distribution. All variables were negatively associated with axis 2 except for
endemism, which was also the trait with the highest score, followed by bill length and body
mass. Moreover, the resulting ordination was significantly correlated with hummingbird
module composition (R*= 0.426, p = 0.001), that is, modules differed in the traits analyzed in

the NMDS.
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The two non-parametric multiple regressions performed between the z- and c-values and
hummingbird traits resulted in strong and statistically significant associations (Table 2,
Appendix 4). The z- and c-values were averaged across runs as different runs of the
modularity algorithm yielded different partitions as species z- and c-values differed: range SD
=0.038-0.94 and 0.00-2.36 for z and c-values, respectively. Migratory behavior and
biogeographical distribution showed a highly significant association with both z and c-values
(Table 2, Fig. 4), with migratory and Nearctic/Widespread species showing higher within and
among module connectivity values than non-migrants and Neotropical hummingbirds.
Hummingbird z-values also correlated negatively with bill length and body mass, that is, large
and long-bill hummingbirds tend to have a peripheral position in the meta-network (Table 2,

Fig. 4).

Discussion

In this study we explore the usefulness of meta-networks to investigate the effect of
biogeographical traits on species interactions. In order to do so, we chose a study system of
high geological complexity such as Mexico and a bird group model, which is broadly
distributed and shows a wide array of biogeographical and morphological traits that may
influence their interaction pattern with plants. By studying the Mexican hummingbird-plant
assemblage at a macroecological scale, we included direct and indirect interactions among
species. The resulting meta-network was fully connected; this indicates that all studied
species had the capacity of influencing each other, even when not co-occurring at the same
localities. Moreover, the average shortest path length of 3.389 indicates that even indirect
interactions may exert relatively strong influences across the network. The meta-network was
also highly modular, with modules reflecting differences in the migratory habits and degree

of endemicity of hummingbirds.

Our results highlight the large importance of migratory hummingbird species in the structure
of the meta-network. Migration in Mexican hummingbirds appears to be a highly labile and

relatively recent trait, occurring repeatedly and independently on several species from basal
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sedentary ancestors (Licona-Vera and Ornelas 2017). Migratory hummingbirds have
significantly higher c-values, that is, a relatively high proportion of their interactions are with
plant species from other modules, increasing overall network cohesiveness (Olesen et al.
2007; Tylianakis et al. 2010; Stouffer and Bascompte 2011) and the potential importance of
indirect interactions. In highly seasonal pollination networks this role is achieved by
pollinator species with long phenophases, who connected species with much more restricted
activity periods (Martin Gonzalez et al. 2012; Kantsa et al. 2018). Modular networks are
expected to be highly resilient, as disturbances are less likely to spread beyond modules
(Olesen et al. 2007; Tylianakis et al. 2010; Stouffer and Bascompte 2011). However, at the
same time, this particular topological configuration renders connectors a foremost
importance, as they are able to affect rapidly the rest of the species in the network. Migratory
Mexican hummingbirds show an interaction behavior relatively robust to changes in habitat
conditions and in plant distributions and phenologies. By experimentally simulating changes
in the environment, Ornelas and Lara (2015) showed that some migratory Mexican
hummingbird species included in this study (i.e. Emerald Amazilia beryllina and Bee
Selasphorus rufus) are able to quickly change and adjust their colour preferences of the
flowers they visit due to the short time spent in a given novel environment, whereas resident
hummingbirds also included in this study (i.e. Emerald Hylocharis leucotis and Gem
Lampornis amethystinus) usually prefer visiting their natural red flower type and they take
longer to change their colour preferences. This apparent neophilia in the migratory
hummingbirds could favor the easy incorporation of non-familiar resources, such as invasive

plant species, into their interaction networks.

The biogeographical distribution of species was strongly associated with the role of species in
the network. Nearctic, Transition and widespread hummingbirds showed a higher within-
module and among-module connectivity. Most of these hummingbirds are also migrants
(Table 1), and hence have wider range distributions and habitat preferences. Another possible
explanation for the higher importance of Nearctic and widespread hummingbirds involves the
divergence time of hummingbirds and their floral preferences. For example, hummingbird

species from the Bees and Mountain Gems clades are distributed particularly in North
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America and Central America (mostly in the Nearctic realm), being the only lineages that
expanded and diversified in these regions (~12 million years ago, McGuire et al. 2014;
Licona-Vera and Ornelas 2017) and show a significantly higher mean c-value (Appendix 5).
Altogether, these species seem to be more evolutionary and ecologically dynamic. In contrast,
Neotropical clades such as Hermits (e.g. Phaethornis spp.) and Emeralds (e.g. Amazilia spp.)
had more recent invasions from South America and a subsequent diversification in the
Mesoamerican zone (Ornelas et al. 2014), and have a more peripheral role in the meta-

network.

The most common ancestral condition for the hummingbird flowers of North America is a
bee-pollinated system (Grant and Grant 1968), promoting hummingbirds to be particularly
generalist in their interactions with plants in the Nearctic realm. North-American
hummingbirds have a closer phenotype than other hummingbird assemblages (Stiles 1981;
Brown and Bowers 1985), which also translates into a higher congruence in the floral
phenotypes. By contrast, ornithophilous genera of plants are centred in subtropical or tropical
America, where hummingbird-plant interactions show higher levels of specialization and
morphological complementarity (Stiles 1978; Dalsgaard et al. 2011). Hence, in Mexican
hummingbird-plant assemblages, morphological traits may be, a priori, not as important as
other mechanisms in structuring interactions at the community level. Our results show that
both the length of the bill and the body mass of the hummingbirds affect the number of
interactions hummingbirds establish within their module, with short-bill and smaller species
showing a tendency to interact with a higher number of plants within their modules than long-
bill and larger hummingbirds. Long bills restrict the number of plants from which a
hummingbird can effectively extract nectar, while larger hummingbirds have higher energetic
demands which constrain their available floral choices to flowers providing mid-high amounts
of nectar, of which the North American flora is relatively scarce (Stiles 1981; Brown and
Bowers 1985). Hence, in the Mexican hummingbird-plant assemblage there seems to be a
preference for not establishing strong morphological or energetic barriers between

hummingbirds and their nectar plants.
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Taken together, our study of the Mexican hummingbird-plant meta-network illustrates how
meta-networks may provide a more complete view on the dynamics of ecological
communities, particularly as the importance and behavior of migrant species may not be fully
characterize when studying only local-scale networks. Notably, through a meta-network, we
have been able to capture the direct and indirect interactions between hummingbirds and their
nectar plants across Mexico, resulting in relevant insights on the importance of
biogeographical traits for such assemblages. This emphasizes the usefulness of meta-
networks for the characterization of the factors shaping species communities and how they
interact across large spatial scales. This approach may be extended to other taxa and
biogeographical regions, and may prove valuable in order to asses the effects of mechanisms
that operate at large spatial scales such as habitat fragmentation, species invasions, the effect
of biotic interactions on range dynamics and changes in species phenophases (Aratijo and

Luoto 2007; Araujo et al. 2018; Emer et al. 2018).
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TABLES

Table 1. Hummingbird species and the traits examined in this study. Phylogenetic lineages

were obtained from McGuire et al. (2014), biogeographical species distribution from their

observed community location, body mass and bill length from Arizmendi and Berlanga

(2014) and from Carlos Lara’s own measurements (marked with and asterisk *), degree of

endemism from Escalante (1993) and species migratory behavior from Arizmendi and

Berlanga (2014).
Hummingbird | Phylogenetic | Biogeographical | Bill length (mm) | Body mass (g) | Degree of Migratory
species lineage distribution endemism behavior
Amazilia Emerald Widespread 18.71* 4.06* Non endemic Non migrant
beryllina
Amazilia Emerald Neotropical + 17.2 3.6 Non endemic Non migrant
candida Transition
Amazilia Emerald Neotropical + 21 5.5 Non endemic Non migrant
cyanocephala Transition
Amazilia rutila | Emerald Neotropical + 21.75 4.75 Non endemic Non migrant
Transition
Amazilia tzacatl | Emerald Neotropical + 21.25 5.35 Non endemic Non migrant
Transition
Amazilia Emerald Widespread 22.5 5 Semi endemic | Local migrant
violiceps
Amazilia Emerald Neotropical + 21.25 3 Semi endemic | Local migrant
yucatanensis Transition
Anthracothorax | Mango Neotropical + 27.25 7 Non endemic Non migrant
prevostii Transition
Archilochus Bee Widespread 18.75 3.65 Semi endemic | Long distance
alexandri migrant
Archilochus Bee Widespread 16.04* 5.36%* Non endemic Long distance
colubris migrant
Atthis heloisa Bee Nearctica + 12.32% 2.53* Endemic Non migrant
Transition
Calothorax Bee Nearctica + 21.02% 3.86* Semi endemic | Long distance
lucifer Transition migrant
Calothorax Bee Transition 17.9 2.85 Endemic Non migrant
pulcher
Calypte anna Bee Nearctica 17.25 3.6 Non endemic Local migrant
Calypte costae | Bee Nearctica 17 2.5 Non endemic Local migrant
Campylopterus | Emerald Neotropical + 27.3 5.8 Non endemic Non migrant
curvipennis Transition
Campylopterus | Emerald Neotropical + 27.8 11.9 Non endemic Non migrant
hemileucurus Transition
Chlorostilbon Emerald Transition 14 3.25 Endemic Non migrant
auriceps
Chlorostilbon Emerald Neotropical + 14.3 3.25 Non endemic Non migrant
canivetii Transition
Colibri Mango Widespread 19.71%* 6.03* Non endemic Local migrant
thalassinus
Cynanthus Emerald Widespread 21.25 35 Semi endemic Local migrant
latirostris
Cynanthus Emerald Transition 29 4.5 Endemic Non migrant
sordidus
Doricha eliza Bee Neotropical + 22.4 2.5 Endemic Non migrant

Transition




Eugenes fulgens | Gem Widespread 26.88* 7.65* Non endemic Local migrant
Eupherusa Emerald Transition 17.8 4.85 Endemic Non migrant
poliocerca

Heliomaster Gem Neotropical + 34 7.65 Non endemic Non migrant
constantii Transition

Heliomaster Gem Neotropical + 345 6.8 Non endemic Non migrant
longirostris Transition

Hylocharis Emerald Widespread 17.03* 3.95% Non endemic Local migrant
leucotis

Hylocharis Emerald Nearctica 18 3.6 Endemic Non migrant
xantusii

Lampornis Gem Transition 19.11* 6.98* Non endemic Non migrant
amethystinus

Lampornis Gem Widespread 23.92% 8.39% Semi endemic | Local migrant
clemenciae

Lamprolaima Gem Transition 21.9 6.35 Non endemic Non migrant
rhami

Lophornis Coquette Transition 13 2.7 Endemic Non migrant
brachylophus

Lophornis Coquette Neotropical 11.3 2.7 Non endemic Non migrant
helenae

Phaethornis Hermit Neotropical + 43.2 5.75 Non endemic Non migrant
longirostris Transition

Phaethornis Hermit Neotropical + 21.55 2.65 Non endemic Non migrant
striigularis Transition

Selasphorus Bee Nearctica + 14.5 2.5 Semi endemic Long distance
calliope Transition migrant
Selasphorus Bee Widespread 17.74% 3.73* Semi endemic | Long distance
platycercus migrant
Selasphorus Bee Widespread 16.68* 3.65*% Non endemic Long distance
rufus migrant
Selasphorus Bee Neotropical + 16.71* 3.59* Semi endemic Long distance
sasin Transition migrant
Tilmatura Bee Transition 13.6 2.85 Non endemic Non migrant

dupontii
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Table 2. Results from the non-parametric multiple regression with kernel variable estimation
between species within and between module connectivity (z and ¢ value, respectively) and
their morphological and biogeographical traits. Regression was performed with the 41
hummingbird species and using the 5 studied variables. We used a local-linear kernel
regression estimator, using a second-order Gaussian kernel function for the two continuous
explanatory variables (bill length and body mass), an Aitchison and Aitken kernel function
for the unordered categorical variable (biogeographical distribution) and a Li and Racine
kernel function for the two ordered categorical variable (degree of endemism and migratory
behavior). Bandwidths were computed using an adaptive k-nearest neighbor algorithm and
selected through a least squares cross-validation (Hayfield and Racine 2008, 2017).

Significance tests were performed with 399 bootstraps. Significant variables are marked in

bold.
z value ¢ value
Goodness of fit (R?) 0.730 0.699
Standard error 0.101 0.039
Bandwidth P value Bandwidth P value
Bill length 36 0.040 36 0.719
Body mass 19 0.018 28 0.276
Biogeographical distribution ~ 4.40e™"’ 2¢° 0.135 0.008
Degree of endemism 0.589 0.155 1.000 0.145
Migratory behavior 0.075 P 0.516 0.010
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FIGURES

Figure 1. Map of Mexico showing the different biogeographical regions conforming the
Nearctical realm (in blue), the Neotropical realm (in orange) and Transition provinces (in
green) as defined by Morrone et al. (2017). Dots pinpoint the localities where the

hummingbird-plant networks were collected. Note that some of the points may overlap.

Figure 2. Illustration of the Mexican bipartite meta-network. Hummingbirds in blue and
plants in orange, and the interactions between them in grey. The width of the species’ bars
represents species’ number of interactions. Hummingbirds are also divided according to their
resulting modules. The picture shows a female Selasphorus platycercus visiting a flower of

Penstemon roseus. Photo by Carlos Lara.

Figure 3. Results of the non-metric muldimensional scaling ordination of five hummingbird
species traits (bill length, body mass, biogeographical distribution, degree of endemism and
migratory behavior). Ellipses in the NMDS indicate 95% confidence intervals around the
centroids of each group. Note that modules 6-10 (colored in different shades of red) are
conformed of only one hummingbird species, as these hummingbirds appeared in different
modules in the different runs of the modularity algorithm. Notice also that these
hummingbirds do not show biogeographical or morphological differences from

hummingbirds with constant module partners.

Figure 4. Plots illustrating the significant correlations between z and ¢ values and migratory
behavior (a,b), biogeographical distribution (c,d), bill length (e) and body mass (f) of
hummingbirds. Pirateplots show raw data as points, the median as a horizontal line
surrounded by a Bayesian 95% Inference Highest Density Interval as a horizontal bar, and a

smoothed density bean surrounding the raw data points.
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SUPPORTING INFORMATION
Appendix 1. Details about the Mexican biogeography and hummingbird fauna and

biogeographical characteristics.

Mexico is an outstanding example of complex biogeographical patterns (Morrone 2010;
Morrone et al. 2017). The Mexican Transition Zone (Halffter 1987), which marks the
transition between the Neotropical and the Nearctic biota, is considered a critical area for
understanding not just diversification in the region, but also the evolution of migratory
systems of various animal species. This zone includes the Isthmus of Tehuantepec in southern
Mexico, formed c¢. 3 Ma, and the Trans-Mexican Volcanic Belt (TMVB) across central
Mexico, formed c. 10-7 Ma (Gomez-Tuena et al. 2007). The Isthmus of Tehuantepec divides
mountain ranges along the Sierra Madre Oriental and Oaxaca from those in Chiapas and
Guatemala. Its formation was followed by changes in sea levels caused by glaciation cycles,
with rising sea levels and marine transgression during interglacials inundating much of the
coastal plains and isolating montane habitats on either side (Barrier et al. 1998). At present,
the lowlands in the area are occupied by dry scrubby habitats that are very different from the
moist mountainous areas on either side. The TMVB was formed during four main episodes of
volcanic activity from the middle-to-late Miocene to the Holocene (Gomez-Tuena et al.
2005), resulting in a continental magmatic arc of nearly 8000 volcanic chain of mountains
(reaching over 4000 m above sea level), extending west to east and virtually cutting Mexico
into northern and southern halves. The TMVB acts as an effective geographic barrier to the
dispersal of most hummingbird species, producing abrupt environmental changes, which may
explain the existence of such high number of endemic hummingbird species. Recent
phylogeographic studies have shown that species level population divergence of terrestrial
species post-dates Pliocene faulting and marine inundations across the Isthmus of

Tehuantepec (Barber and Klicka 2010; Ornelas et al. 2013 and references therein).

The Mexican hummingbird fauna (including all North American species) began with a single
invasion from South America by the common ancestor of the Bee and Mountain Gem clades

ca. 12—14 million years ago (McGuire et al. 2014; Licona-Vera and Ornelas 2017). After this
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invasion, there have been multiple independent invasions of North America by Emeralds,
Coquettes, Mangoes, and Hermits and single invasions by Brilliants and Topazes, presumably
all of which occurred prior to or after the Panamanian land bridge formation (McGuire et al.
2014; Ornelas et al. 2014). Species accumulation in North America proceeded slowly at first
and a rapid increase during the past 7 Ma, which reflects not only in situ diversification of
Mountain Gems and Bees, but also a heterogeneous diversification dynamics during the
history of hummingbirds and an extraordinary high rate of net diversification in the Bee clade
(McGuire et al. 2014), potentially linked to the evolution of migratory behavior (Licona-Vera
and Ornelas 2017). In the Nearctic-Neotropical migration systems, analyses of molecular data
suggest that many bird species colonized northern areas when they became available after the
Last Glacial Maximum (LGM) event (Hewitt 2000). For example, the ancestral sedentary
ranges of the Bee clade (such as Selasphorus species) expanded into northern latitudes
following the LGM, until they reached limits for residency imposed by the local seasonality
of the floral resources and migration was selectively favoured (Malpica and Ornelas 2014).
These migrations were followed by rapid radiations and local adaptations to both xeric and
humid conditions in different regions of Mexico, and produced both sedentary and migratory
populations (Licona-Vera and Ornelas 2017). In a phylogenetic framework, the repeated
evolution of long-distance migratory behavior is observed at different times in the radiation of
the Bee clade, highlighting the key role of the environment (local topographical features and
climatic changes) on processes of divergence and speciation. These repeated gains of
migration at the phylogenetic scale seem to have occurred linked to certain patterns of
climatic change during the Late Pliocene and Pleistocene glaciations, whereas the evolution of
long-distance seasonal migration within species seems to have occurred during the last
glacial-interglacial cycles of the Pleistocene (Rodriguez-Goémez et al. 2013; Malpica and

Ornelas 2014; Licona-Vera and Ornelas 2017).



Appendix 2. Table S2. Geographical and habitat details for each hummingbird-plant network.

Study # | Author Mexican state | Main Vegetation Latitude Longitude Biogeographical Biogeographical
type province realm

1 Rodriguez-Flores, C.I. Jalisco Cloud forest 19°34°14>° - 104°14°49”’ - Sierra Madre del Sur | Transition

19°37°30” 104°18°16”’
2 Ortiz-Pulido, R. Veracruz Pine forest 19°29'59.86" 97° 8'12.08" Trans-Mexican Transition
Volcanic Belt

3 Arizmendi, M.C. Jalisco Tropical deciduous 19° 30" 105° 03' Pacific Lowlands Neotropical
forest

4 Arizmendi, M. C. Jalisco Cloud forest 19° 35' 104° 16' Sierra Madre del Sur | Transition

Des Granges, J.- L. Colima Pine-oak forest 19°31'3.18" 103°37'5.55" Trans-Mexican Transition
Volcanic Belt
6 Partida Lara, R. Chiapas Cloud forest 16°44'38" 92°40'15" Chiapas Highlands Transition
7 Arizmendi, M. C. Guerrero Pine-oak forest 17°19°53.1” - 100° 09° 56.1” - Sierra Madre del Sur | Transition
17°25°47.8” 100°11°48.5”

8 Lyon, D. L. Oaxaca Pine forest 17° 826.67" 96°41'21.55" Sierra Madre del Sur | Transition

9 Arriaga, L. Baja California|§3ak forest 24°-22°50 109°60'-110°10' Baja Californian Nearctica

10 Reyna Bustos, O. Jalisco Tropical 21°45°08°’- 103°15° Pacific Lowlands Neotropical
deciduous forest 21°44°50”°

11 De la Cruz, F. Oaxaca Xeric shrubland 17°04°04’ 96°43°12” Sierra Madre del Sur | Transition

12 Jimenez Sierra, L. Hidalgo Xeric shrubland 20°45°26>° 98°57°08”’ Sierra Madre Oriental | Transition

13 Toledo, V. Veracruz Evergreen 18°32° 95° 04’ Veracruzan Neotropical
tropical forest

14 Van Devender, T. Sonora Foothills thorn scrubs | 28°34'40" 109°33'09" Sonoran Nearctica

15 Van Devender, T. Sonora Tropical 28254'48" 109°11'31" Sonoran Nearctica
deciduous forest

16 Van Devender, T. Sonora Oak woodland 28°22'18" 109°03'53" Sonoran Nearctica

17 Van Devender, T. Sonora Pine-oak forest 28°19'31" 109°02'00" Sonoran Nearctica




18 Martinez-Garcia, V. 1 Hidalgo Xeric shrubland 20°36'44" 98°44'54" Sierra Madre Oriental | Transition
19 Martinez-Garcia, V. 2 Hidalgo Oak forest 20°40'31.7" 98°45'12.3" Sierra Madre Oriental | Transition
20 Martinez-Garcia, V. 3 Hidalgo Pine-oak forest 20°41'45.82" 98°45'55.92" Sierra Madre Oriental | Transition
21 Diaz-Valenzuela, R. 1 Hidalgo Pine forest 20°11'11" 08°42'34" Sierra Madre Oriental | Transition
22 Diaz-Valenzuela, R. 2 Hidalgo Pine forest 20°41'45.82" 08°45'55.92" Sierra Madre Oriental | Transition
23 Diaz-Valenzuela, R. 3 Hidalgo Oak forest 20°41'45.82" 98°45'55.92" Sierra Madre Oriental | Transition
24 Montgomerie, R. D. Nayarit Tropical 21°32 105°17' Pacific Lowlands Neotropical
deciduous forest
25 Lara, C.1 Tlaxcala Pine forest 19°13'49.5" 98° 58' 19.67" Trans-Mexican Transition
Volcanic Belt
26 Lara, C.2 Tlaxcala Oak forest 19°17'36" 98° 14' 30" Trans-Mexican Transition
Volcanic Belt
27 Lara, C.3 Veracruz Cloud forest 19°30 96°57' Trans-Mexican Transition
Volcanic Belt
28 Diaz-Fisher 1 Puebla Arid tropical 19°36'45" 96° 53" 45" Sierra Madre del Sur | Transition
scrubland
29 Arizmendi, M. C. Puebla Arid tropical 18°18'31" 97°29' 25" Sierra Madre del Sur | Transition
scrubland
30 Diaz-Fisher 2 Puebla Arid tropical 19°25'55" 96° 31' 53" Sierra Madre del Sur | Transition
scrubland
31 Puch Chavez, R. Campeche Evergreen 18221 89° 49 Yucatan Peninsula Neotropical
tropical forest
32 Puch Chavez, R. Campeche Evergreen 18°32' 89° 47 Yucatan Peninsula Neotropical
tropical forest
33 Lopez Segoviano, G. Sinaloa Oak forest 23°34'16" 105°50'15" Sonoran Nearctica
34 Medina-van Berkum, P. | Yucatan Xeric shrubland 21°37°23.4” - 88°07'42.3" - Yucatan Peninsula Neotropical
et al. 21°34°19” 88°06°00.9”
35 Vidal-Hernandez, W.J. | Estado de Pine-oak forest 19°48'2.8" 99°31'15.1" Balsas Basin Neotropical

México




36 Martinez-Roldan, H. Tlaxcala Xeric shrubland 19°23°31” 97°55°49” Trans-Mexican Transition
Volcanic Belt
37 Bautista-Salazar, L. Querétaro Xeric shrubland 20°30°- 100° 17" - Chihuahuan Desert Nearctica
20° 55 100° 36"
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Appendix 3. Adjacency matrix for the Mexican meta-network. Hummingbird species

in columns, plants in rows, 1 depicts at least an observed interaction somewhere in the

Mexican territory, 0 otherwise. Hummingbirds are ordered by module membership, as

result of running 30 times a modular partition in MODULAR (Marquitti et al. 2014).

Hummingbirds are placed in the same module when in 87% of the times (i.e. more

than 26 out of the 30 runs of the modularity algorithm) result in the same module, and

are labeled NA when they have no constant module partners.

z<

jwey ewrejoidwe]

=Zz<

SeIUBWIY0 SIUIOdWET]

0

0

z<

1ISNJuex SUeyoo|kH

0

1

=Z<

Ja}ion] XeIoyjo[e)

1

0(0]0]0

z<

euljikiaq eiizewy

1

0j0jojojo

S w

1HUBISUOD J5}JSeWolaH

1

S w

1IpUBX8[E SNGOO[IYDIY

1

Sw

ETEFEY

0(0j0|0j0|0|0]O

1

S w

e[eydadouerd efjizewy

1

1

=<

SNPIPIOS SNUJUBUAD

000 |0j0]0

0j0j0 010

0/0[0|0j0|0|0O]|0|O]O

0

0/0[0|0j0|0|0O]|0|O]O

=<

SHJSOINe| SNUJUBLUAD

0

0

0

0

0

1

0

0

0

1

1

0

0

0

1

0

0

0

0

1

0

0

=<

EEERE )

0

0

0

0

0

0

0

0

0
0

1

0

0

0

0

0

0

0

0

0

0

0

=<

euue s)dAe)

0

0

0
0

0

0

0

0

=<

SdBOI0IA ElfiZEwy

=

010

1

010

010

010

010

1

010

010

010

0

0

1

1

010

1

0

1

010

010

010

010

010

0

010

1

1

1

010

010

1juodnp einjewiL

0

0(0]0 (0|00

0

0

=)

S1}S0J1BuO| SiuJoyjeeyd

1

1

1

1

=Y

snydojAydeiq siuioydo

0

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

01010

0

01010

01010

01010

01010

=)

SU}SOIBUO] J9}SeWOloH

1

0

0

S o

e01820]|0d esniaydng

1

010

010

010

010

010

010

010

010

010

010

010

010

010

010

010

010

010

010

010

010

010

010

0

010

010

1

010

=™

sdeoune Uoq[isoIouD

=)

Jaydnd xeioyjoed

=R

UISes snioydsejss

00|00 j0f0]|0|O

00|00 0|0 0|0 f0O]|O0]|O

0oj0}o0

0j0}o0

=R

snyni snioydsees

1

1

1

1

=R

snaiadkie|d snioydsejss

ojojojojo

=R

adoi|[ed snioydsejes

1

0f0jo0 (0|0 f0|0|0]O

=

snupsAyiowe sjuiodwe

0](0{0|0|0]0|O

0ojojojojofojofojojojojo0jo0|0j0j0j0|0OfO|O0OfO|O0O|O|O]O0]O

0|0{0|0|0]0|O

0|0{0[0|0]0]|O

0|0{0|0|0]0|O

0|0{0|0|0]0]|O

0jojo

0ojojo

0

0ojojojojofojofoj{ofojojo0jo0|0j0j0j0|0Of0O|O0OfO|O0O|O|O]O0]O

1

=R

Sj0oNa| SHEY0IAH

0|0{0|0|0|0]0|O

1

1

1

1

1

1

0(0{0|0|0|0]0|O

1

1

1

1

1

=R

suabjny seuabng

1

1

1
1

0

=R

SNUISSE[ey} Ugio)

1

1

=R

Eslojay siypy

0f(0j0f0|0fO0O|0O|O0O|0O|O0O|O|0|0]O

0(0{0|0|0|0OfO|O0O|0|0]|O

1

= -

sue|nbius siulojeeyd

1

1

=

seusjay siuioydo

0|0|0|0O|0O|OfO|0O|O|O]O]|O]O

= -

CAEERI]

1

0/0(0|0|0|OfO|0|0]O

0j(0j0j0j0f0O|0OfO|OfO|O|O|O|O|O|O|O0O|O0O|O|O0O|O]O

0ojo0{0|0|0|OfO|O|O|O]|O|O]|O]O

0j0{0|0|0|OfO|O|0O|O|O|O]|O0]O

= -

INOAIUED UOG[SOIOUD

1

1

1

1

= -

snunanajiway sniajdojAdwe)

0

= -

siuuadiang snisydojkdwe)d

0/0{0|0|0|00|O

0

= -

SHQN|OD SNYIOJIYALY

1

0j0{0|0|0|0OfO|0O|0O|O|O]|O|0O|0O|0|0]|0]|O

s

soAald Xeloyjodelyjuy

1

= -

SISUSUEJEINA EfjjiZewy

00|00 ]0(f0]|0]|O

ojojojojojfojojfojofojfoyjojo0yj0j0|0j0|0}0|0J0|0OfO0O|O0OfO|O0OfO|O|O|O0O O[O 0|0 O0O]|O|O]|O]O

0(0{0]010|0

0|0|0|0|0OfOfO|O|O|O]|O|O|{O0O|O0O|O|OfO|O|0]|O

0|0|0|0|0O|0O|OfO|O|O0|0]O

0|0|0|0|0|O0O|OfO|O|O0O|0]O

0|0|0|0|0OfOfO|O|O|O]O|O|{O0O|O0O|O|OfO|O0O|0]|O

0|0|0|0|0OfOfO|O|O|O]|O|0O|{O0O|O0O|O|O(fO|O0O|0]|O

0|0|0|0|0fOfO|O|O|O]O|O|{O0O|O0O|O|O(fO|O0O|0]|O

0|0|0|0|0fOfO|O|O|O]O|O|{O0O|O0O|O|O(fO|O0O|0]|O

0|0|0|0|0OfOfO|O|O|O]|O|0O|{O0O|O0O|O|O(fO|O0O|0]|O

= -

[}edez) eljizewy

1

1

0

0

0

0

0

0

0

0

0

s

EPIPUED ElIZEWY

0j(0{0{0j0(0f0Of0O|0O|0O|0O]O|0O|0O|0O|0O|O|OfO|O0|0]|O

1

0

0

0oj(o0{0jf0j0j0f0Of0O|0O|0O|0O]O|0O|0O|0O|0O|O|OfO|O0O|0]|O

0|0|0|0|0O|OfO|O|O|O]O]|O]O

0j{0{0{0j0(0f0f0O|0O|0O|0O]O|0O|0O|0O|0O|O|O O |O0|0]|O0

0j01|0|0

ojojojojojfojofojoyfojoy0j0(0j0|00|0J0|0O|O0O|O0OfO|O0OfO|O0O|O0O|O0O|0]O

0f0jo0jf0|0fO0O|O0O|O|0O|O0O|O|0O|0]O

0

0

0|0{0|0|0O|OfO|O|O|O|O]|O]|O]O

0/0{0|0|0|0OfOfO|O|0O|0]O

0|0|0|0|0|Of0O|0O|0O|O0O]O]|O]O

0j(0{0{0j0(0f0Of0O|0O|0O|0O]O|0O|0O|0O|0O|O|OfO|O0|0]|O

0f0jo0jf0oj0f0O|0O|O|0O|O0O|O|0O|0]O

0j0ojojojojfojofo|o0f0{0|0j0|0|0O|0O|O]O

0

0

0]0{0[0|0]0|O

0|0{0|0|0O|OfO|O|O|O]|O]|O]|O]O

0]0{0|0 0|0 0|0 |0]O0

0f0jo0jf0|0OfO|O0O|O|O0O|O|O|O0O|O]O
0f0jojfojo0f0|{0O|O0O|0O|0O|O|0O|0]O

0j0jo0j0jo0j0]o0

0

0oj(0{0jf0j0(0f0Of0O|0O|O|0O]O|0O|0O|0O|0O|O|OfO|O0O|0]|O

0oj(0{0f0j0j0fOf0O|0O|O|O]O|0O|0O|0O|0O|O|OfO|O0O|0]|O

0oj(0{0f0j0(0f0f0O|0O|0O|0OJO|0O|0O|0O|0O|O|OfO|O0|0]|O

ojojojojojfojojfojoyfojoyj0jo0|0j0|0j0j0j0|0f0|0f0O|0O|O0O|{0O|O0O|O|O|O|O|OfO|O]|O|O]|O]O

0/0]0 (0|0 (f0O|0OfO0O|0O|O0]O

0

0

Acanthaceae sp1

Acanthaceae sp2

Aechmea bracteata

Agave angustifolia

Agave difformis

Agave garciamendozae

Agave inaequidens

Agave ishtmensis

Agave salmiana

Agave sp1

Agave sp2

Agave sp3

Agave sp4

Agave sp5

Agave sp6

Agave striata

Aloe vera

Anisacanthus andersonii

Anisacanthus thurberi

Anneslia peninsularis

Annona longiflora

Antigonon leptopus

Antirrhinum majus

Aphelandra aurantiaca

Arbutus xalapensis

Arcostaphylos pungens

Asclepias curassavicus

Asthiantus vimidalis

Bauhinia erythrocalyx

Bauhinia sp

Bauhinia variegata

Bernoullia flammea

Bessera elegans
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Bouvardia longiflora 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{1]0|0|O(O|O0O|0]|O 0 010 0 0 0
Bouvardia ternifolia 0 0|0 (1|00 fOfO|O|O|1 |1 |1|{1]0O]0O|1[1|1|0]|0 0 010 0 1 0
Bravaisia berlanderiana 0 ofojojofojo|o0jo0jofo0j0|0f0O|{0O|0O|0O]|O|O]|O]|O 0 00 0 0 0
Buddleja cordata 0 0oj0|0f0|0fOfO|O|O|O|1|O|{1]0O|O|1[1|0|0]|O 0 010 0 0 0
Buddleja sessiliflora 0 ojo(o0j0j0f0OfO|O|O|1]|O|O|{O0O|O|O|OfO|O|O]|O 0 010 0 0 0
Bumelia sp 0 0|0|0|0 |01 |0O|O|O|O]|O|O|{O0O|O0O|O|O(O|O|0O]|O 0 010 0 0 0
Byttneria catalpifolia 0 0oj0|0f0|0OfOfO|O|O|O|O|O|{1T|1]0]OfO|O|0O]|O 0 010 0 0 0
Caesalpinia pulcherrima 0 0|0|0|0 |01 |0O|0O|O|O]|O|O0O|{O0O|O0O|O|O(f1|0O|0]|O 0 010 0 1 0
Caesalpinia vesicaria 0 1(1/0|0|0|0O|O0O|O|O|O|O|O|O|O|OfO|O]|O]|O]O 0 00 0 0 0
Caesalpinia yucanatensis 1 110 (|1]|1|{0|1]0|0O|O|O]|O|O|O|O|OfO|O0O]|O]|O]O 0 010 0 0 0
Callaeum macropterum 0 ojojofofojojojojojojofofo|0|0j0O|O0O|0O]|O0]|O 0 010 0 1 0
Calliandra eriophylla 0 ojo|0j0j0fOfO|O|O|O|O|1|{1]0|0O|O(f1|0O|0]|O 0 010 0 1 0
Calliandra erythrocephala 0 ojojofofjojojojojojojojfofojo0j|0j0|{0|0]|0]|O 0 010 0 0 0
Calliandra grandifolia 0 0|0|0|0|0OfOfO|O|O|O|1 |1 {1 |1]0|1[1|0|0]|0 0 010 0 0 0
Calliandra sp1 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Calliandra sp2 0 0|0|0|0|0O|OfO|O|O|O]|O|O0O|{0O|0O|O|OfO|O|0]|O 0 010 0 1 0
Calophyllum brasiliensis 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|O|O(O|O|0]|O 0 010 0 0 0
Calopogonium parvus 0 ojojofofoy1jojojojojojfofojo0jo0jojo0j0j0]|O0 0 010 0 1 1
Canavalia villosa 0 ojo|o0|0j0fOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0
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Centaurea rothrockii 0 0|0|0|0|0OfOfO|O|O|O|O|O|{1]0O|0O|O(f1|0O|0]|O 0 010 0 0 0
Ceratophytum tetragonolobum 0 ojojofofjojojojojojojojfofoj0j0j0{0|0]|0]|0 0 010 0 0 0
Cercidium praecox 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|0O|OfO|O|0]|O 0 010 0 1 0
Cestrum roseum 0 0|{0|0|0|0|OfO|O|O|O|1|O0O{1]0]0|O0O(0O|O0O|0]|O 0 010 0 0 0
Cestrum sp 0 ojojojoj0f0Of0O|O|O|O|O|1|{1]0O|0O|O(f1|0O|0]|O 0 010 0 0 0
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Cirsium jaliscoense 0 0(0(0[0 0O (OO O |1 |1 |1 {1 |11 ]1[1|0|0]|0 0 010 0 0 0
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Clytostoma binatum 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|O|OfO|O|0]|O 0 010 0 0 0
Coffea arabica 0 0|0{0|0|0O|1(0O|O|O|O]|O|O|O|O0O|O0O|O|O|O|O|1 0 010 0 0 0
Cologania angustifolia 0 ojo|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Cologonia broussonettii 0 ofojojofoj{ofo0jojofo0jo0j|0f1{0|0|1]j0f0O]|0]|O 0 010 0 0 0
Columnea purpussi 0 ojojofofojojojoj{t1jojojfofoj0|0j0|{0|0O]|0]|O 0 010 0 0 0
Combretum fruticosum 0 0(0j0j0f0{1|0j0O|O0OfO|O|OfO|O|O|O0O]|O|O]|O]|O 0 00 0 1 0
Commelina coelestis 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O0O|O|O|O(fO|O|O0O]|O 0 010 0 0 0
Conostegia xalapensis 0 ojojofofoy1rjojojojojojfofoj0j0j0{0|0|0]|0 0 010 0 0 0
Cordia boissieri 0 0|0|0|0|0OfOfO|O|O|O]|O|O|{1]0O|0O|O([1|0O|0]|O0 0 010 0 1 0
Cordia dodecandra 0 11010 |0j|0|0O|0O|0O|O|OfO|O|O|O|O]O]|O]O 0 010 0 0 0
Cordia sebestena 0 ojo|o0j0j0fO(f1|0O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Cordia seleriana 0 ojo(o0j0j0|1|0O|0O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Costus pictus 0 0oj|0|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 1 110 0 0 0




Costus scaber 0 0|{0|0|0|1]0OfO0O|O|1|0O]|O|0O|{0O|0O|0O|O(O|O|0]|O 0 010 0 0 0
Coursetia glandulosa 0 ojo|o0j0j0fOfO|O|O|O|O|O|O|O|O|OfO|O|O]|O 0 010 0 1 0
Croton icche 0 ojo(o0j0j0|1|0O|0O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Croton suberosus 0 0(0j0j0f0O{1|0OJ0O|O0OfO|O0O|OfO|O|O|O]|O|O]|O]|O 0 00 0 0 0
Crusea coccinea 0 0of0j0jofoj{0o(0j0j|0O (0|1 |1 |{1|{1|0O|1]0Of0]|0]|O 0 00 0 0 0
Cuphea aequipetala 0 0|0|0|0|0OfOfO|O|O|O|O|O|{1]0|0|OfO|O|0]|O 0 010 0 0 0
Cuphea bustamanta 0 0o|0|0|0|0OfOfO|O|O|O|O|O|1]0O|0O|O(fO|O|0O]|O 0 010 0 0 0
Cuphea calcarata 0 0|{0|0|0|0|OfO|O|O|O|1|1]{0]0|0|OfO0O|O0O|0]|O 0 010 0 1 0
Cuphea hookeriana 0 0{0|0|0|0|OfO|O|O|O|1|1]{0]0]0|O[O|O0O|0]|O 0 010 0 1 0
Cuphea jorullensis 0 ojo(o0j0j0f0OfO|O|O|1]|1|0O|1]0|0O|OfO|O|0O]|O 0 010 0 0 0
Cuphea llavea 0 ojo|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Cuphea procumbens 0 ojojofofjojojojojojojofoft1jo0jojo|{t1jojoijo 0 010 0 0 0
Cydista diversifolia 0 1/0(0f0|0O|O|O|O|O|O|O|OfO|O|O|O|O|O]|O]O 0 010 0 0 0
Cylindopuntia imbricata 0 0|0|0|0|0OfOfO|O|O|O|1|1{1]0]0O|1[1|0|0]|0 0 010 0 1 0
Datura stramonium 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Delonix regia 0 11010 |1j0|0|0|0|0O|OfO|O|O|O|O]O]|O]O 0 010 0 1 0
Dianthus caryophyllus 0 0|0|0|0|0O|OfO|O|O|O]|O|1{0|0|0|O(O|O0O|0]|O 0 010 0 0 0
Dicliptera sexangularis 0 ojof1fofojoj1jojojojojfofojo0j|0j0{0|0|0]|O0 0 010 0 0 0
Diphyssa floribunda 0 ojo|o0|0j0fOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Dombeya sp 0 0o|0|0|0|0O|OfO|O|O|O|O|O|O|O|O|O(fO|O|1]|O 0 010 0 0 0
Echeveria gibbiflora 0 ojo(0j0j0fOfO|O|O|O|O|O|1T|O0O|O|OfO|O|O]|O 0 010 0 0 0
Ernodea littoralis 0 0|0|0|0|0OfO(f1|O|O|O]|O|O|{0O|O|O|O(fO|O|0O]|O 0 010 0 0 0
Erythrina coralloides 0 0oj|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Erythrina flabeliformis 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|0O|OfO|O|0]|O 0 010 0 1 0
Erythrina folkersii 1 0|1(0f1}1]0(f0|0O|1|0O]|O|0O|{0|0|0O|O(O|O0O|0]|O 0 010 0 0 0
Erythrina lanata 0 ojo|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 1
Exogonium bracteatum 0 ojojofofojojojojojojofofo|0|0j0O|O|0O]|O0]|O 0 010 0 1 1
Eysenhardttia polystachya 0 ojojofofojojojojojojofoft1jo0jo0j0{0|0]|0]|0 0 010 0 0 0
Faramea occidentalis 0 0of0j0j0ofo0{0|0j0|1|0OjO0O|1|O|O0O|0O|0O]|O|O]|O]|O 0 00 0 1 0
Fouqueria formosa 0 0|0|0|0|0OfOfO|O|O|O|O|O0O|{O0O|O|O|O(fO|O|O0]|O 0 010 0 0 0
Fouqueria macdougalii 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(1|O|0]|O 0 010 0 1 0
Fouqueria ochotemae 0 ojojofofojojojojojojofofo|0|0j0|O0O|0O]|O0]|O 0 00 0 0 0
Fouqueria splendens 0 ojojofofojojojojojojofofo|0|0|0O|O|O0O]|O0]|O 0 00 0 0 0
Fuchsia arborescens 0 ofojojofoj{ofo0jo0jo0f1joj|0jf0{0|0|1]|0Of0O]|0]|O 0 00 0 0 0
Fuchsia encliandra 0 ojo0(0f0j0fO(fO|O O |1 |1 |1 |{1|T]|1]1[1|0|0]|O0 0 010 0 0 0
Fuchsia fulgens 0 ojo|o0j0j0f0O(fO|O|O|O|O|1{O0O|1T]O|1(0|O0O|0]|O 0 110 0 0 0
Fuchsia hybrida 0 oj0o|0|0j0fOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Fuchsia lycioides 0 0|0|0|0|0OfOfO|O|O|O|O|O|{1]0O|0O|OfO|O|0]|O 0 010 0 0 0
Fuchsia microphylla 0 0o|0|0f0|0fOfO|O|O|O|1|1|{1]0]0|OfO|O|0]|O 0 010 0 0 0
Fuchsia paniculata 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{1]0|0|OfO|O0O|0]|O 0 010 0 0 0
Fuchsia sp1 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{1]0|0|O(O|O0O|0]|O 0 010 0 0 0
Fuchsia sp2 0 ojo|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0
Fuchsia thymifolia 0 ojo|o0j0|0fOfO|O|O|O|O|O|1T|0O|O|OfO|O|O]|O 0 010 0 0 0
Funastrum bilobum 0 ojo|o0f1j0f0f0O|O|O|O|O|O|O|O|O|O(fO|O|0O]|O 0 010 0 0 0
Gladiolus sp 0 ojo|0j0j0fOfO|O|O|O|O|O|1T|O|O|OfO|O|O]|O 0 010 0 0 0
Guaiacum coulteri 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O0O|O|O|O(fO|O|O0O]|O 0 010 0 1 0
Guarea grandifolia 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|0O]|O 0 010 0 0 0
Gymnopodium floribundum 0 0|0|1]0|0f1|0O|0O|O0O|O]|O|0O|{0O|0O|0O|OfO|O|0]|O 0 010 0 0 0
Hamelia longipes 1 0|0|0|0|0O|OfO|O|O|O]|O|O|{O0O|0O|0O|O(O|O|0]|O 0 010 0 0 0
Hamelia patens 1 101 (1|11 |1|1|o0of1{0}1|1(0f0|0O|0O|O0O]|O]|O0]O 0 010 0 0 0
Hamelia versicolor 0 ojojo0j0j0|1|0O|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 1
Hampea trilobata 0 oj|0|1|{1j0f1f0|0O|O0O|O|O|O|O|O|O|O(fO|O|0O]|O 0 010 0 0 0
Havardia mexicana 0 ojo0|0f0j0fOfO|O|O|O|O|O|{O|O|O|O(f1|O|0]|O 0 010 0 1 0
Heliconia latisphara 0 1/0(0f0|0O|O0O|O|O|O|O|O|OfO|O|O|O|O]O]|O]O 0 010 0 0 0
Heliconia sp1 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 110 0 0 0
Heliconia sp2 1 00|01 |1]0f0O|0O|1|0O]|O|0O|{0O|0O|0O|O(O|O0O|0]|O 0 010 0 0 0
Helictes baruensis 0 0|0|1]0(0|0OfO|O|O|O]|O|O0O|{0O|0O|O0O|OfO|O|0]|O 0 010 0 0 0
Hibiscus clypeatus 0 ojojof1j0f0f0O|0O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Hibiscus sp1 0 ojo|o0j0j0fOfO|O|O|O|O|O|O|O|O|OfO|O|O]|O 0 011 0 0 0
Hibiscus sp2 0 0oj|0|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0




Impatiens balsamica 0 0|0|0|0|0O|OfO|O|O|O]|O|1{0|0|0O|OfO|O0O|0]|O 0 010 0 0 0
Inga eriocarpa 0 ojo|ojo0j0|0OfO|O|O|O|O|O|O|O|O|O|O|O|O |1 0 010 0 0 0
Inga spuria 0 ojo|o0j0|0|OfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Inga vera spuria 1 1(1|/0j0|0|0O|0O|O|O|O|O|O|O|O|OfO|O0O]|O]|O]O 0 010 0 0 0
Ipomoea arborescens 0 ojojofofjojojojojojojofofojo0j0j0{0|0|0]|O 0 010 1 1 0
Ipomoea bracteata 0 ojojofofjojojojojojojojfofoj0j0|1{1j0j0i|o0 0 010 0 1 0
Ipomoea cf orizabensis 0 ojojofofjojojojojojojojfofojo0j0j0{0|0]|0]|0 1 010 0 0 0
Ipomoea conzantti 0 ojojofofojojojojojojofofo|0|0j0|O0O|0O]|O0]|O 0 00 0 0 0
Ipomoea hederifolia 0 0(0(0|0 01|00 |O0O|O|1|1|{1]|1]0]1[0|0|0]|O0 0 010 0 0 0
Ipomoea intrapilosa 0 ojojofofojojojojojojojfofojo0j0j0|{1j0|0]|O0 0 010 0 1 0
Ipomoea murucoides 0 o(ojojofojo|o0ojojofojoj|0jfo0|{0|0j0|1|0O]|0]|O 0 010 0 1 0
Ipomoea orizabensis 0 ojojofofojojojojojojof1fo1j0j0{0|0]|0]|0 0 010 0 0 0
Ipomoea pauciflora 0 ojojofofjojojojojojojojfofojo0j|0j0|{0|0]|0]|O 0 010 0 0 0
Ipomoea quamoclit 0 0|0|0|0|0O|1|0O|O|O|O]|O|O0O|{O0O|O0O|O|O(fO|O|0O]|O 0 010 0 1 0
Ipomoea sp1 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Ipomoea sp2 0 0|0|0|0|0O|OfO|O|O|O]|O|O0O|{0O|0O|O|OfO|O|0]|O 0 010 0 1 0
Ipomoea stans 0 0|0|0|0|0O|OfO|O|O|O]|O|1{0|0|0|O(O|O0O|0]|O 0 010 0 0 0
Ipomoea tiliaecea 1 1/0(0 1|0 |1]|0|0O|O|O|O|OfO|O|O|O|O]|O]|O]O 0 010 0 0 0
Ipomoea trichorcapa 1 ojojofofojojojojojojofofo|0|0j0O|O0O|0O]|O0]|O 0 010 0 0 0
Jacaranda acutifolia 0 0oj|0|0f0|0O|1|0O|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 1
Jacaranda mimosifolia 0 oj0o|0|0j0fOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Juanulloa mexicana 0 0|1{0f1|1]0 (00O |1|0O]|O|0O|{0O|0O|0O|O(O|O|0O]|O 0 010 0 0 0
Justicia candicans 0 0oj0|0f0 |01 |0O|O|O|O|O|O|1|0O|0O|O(fO|O|0O]|O 0 010 0 1 0
Justicia sp 0 0|0|1]0(0fOfO0O|O|O|O]|O|O0O|{0O|0O|0O|OfO|O0O|0]|O 0 010 0 0 0
Lagascea helianthifolia 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{O0O|O|1]0OfO0O|O0O|0]|O 0 010 0 0 0
Lamourouxia dasyantha 0 ojojofofojojojojojof{1f{1(1j0j0j0{1j0]j0]|0 0 010 0 1 0
Lamourouxia multifida 0 ojo|o0j0j0f0OfO|O|O|O|O|1|{1]0|0O|OfO|O|O]|O 0 010 0 0 0
Lantana camara 0 0o|0|1|0|0|1|0O|O|O|O|O|O|O|O|O|O(1|O0O|0]|O 0 010 0 0 0
Lantana sp 0 ojo(o0j0j0f0OfO|O|O|1]|O|O|{O0O|O|O|OfO|O|O]|O 0 010 0 0 0
Lemaireocereus sp 0 ojojofofjojojojojojojojfofoj0j0j0|{0|0]|0]|0 0 010 0 0 0
Leonotis nephetifolia 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|1(0O|O|0]|O 0 010 0 1 0
Lepechinia hastata 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|0O|OfO|O|0]|O 0 010 0 0 0
Lippia umbellata 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O|O|1(0O|O0O|0]|O 0 010 0 0 0
Lobelia cardinalis 0 oj0|1|0j0f0OfO|O|O|O|O|1|{1]0O|0O|O([1|0O|0]|O 0 010 0 1 0
Lobelia laxiflora 0 ojo0(0f0j0fO(fO|O O |1 |1 |1 |{1|T]|1]1[1|0|0]|O0 1 110 0 1 0
Lobelia sp 0 oj|0|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Loeselia mexicana 0 oj0|1|0j0f0OfO|O|O|O|O|1|{1]O|1|1[1|0|0]|O 0 010 0 1 0
Lonicera mexicana 0 00 (1j0f0{0|0O 0|00 |1 |1 |1]{0|0O|1T]|1|0]|0]|O 0 00 0 0 0
Lonicera pilosa 0 0oj|0|0f0|0fOfO|O|O|O|O|1|{1]0]0O|OfO|O|0]|O 0 010 0 0 0
Luehea candida 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|0O|O(fO|O|0]|O 0 010 0 0 0
Lycium andersonii 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{O0O|0O|0O|O(O|O|0]|O 0 010 0 1 0
Lysiloma latisiliquum 0 111|000 |1|0|0|0O|0O|O|OfO|O|O|O|O|O]|O]O 0 010 0 0 0
Macromeria pringlei 0 ojojofofojojojojojojof1(1j0j0j1{o0j0j0]|o0 0 010 0 0 0
Macroptilium atropurpureum 0 ojojofofojojojojojojojfofojo0jo0j0{0|0|0]|0 0 010 0 1 0
Malvaviscus arboreus 0 1101|101 {100 |O0Of0O|1|0O 1|01 ]0]|0O[O]O 0 110 0 1 1
Malvaviscus arboreus var Mexicanus 0 0(0j0j0f0{0|0O|0O|O0OfO|O|OfO|O|O|O0O]|O|O]|O]|O 0 00 0 1 0
Mandevilla frondosa 0 0oj|0|0f0|0OfOfO|O|O|O|O|O|{1]|O0O|O|O(1|O0O|0]|O 0 010 0 1 0
Manfreda jaliscana 0 0(0|0|0|0|OfO|O|O|O]|O|O0O|{O0O|O0O|O|O (1|1 0|0 0 010 0 1 0
Manilkara zapota 0 0|0|0|1]0f0OfO0O|O|O|O]|O|O0O|{O0O|O0O|O0O|OfO|O|0]|O 0 010 0 0 0
Marginatocereus marginatus 0 ojojofofjojojojojojojofofo|o0j|0j0|0O|0O]|O0]|O 0 010 0 1 0
Merremia palmeri 0 ojo|o0j0j0fOfO|O|O|O|O|O|O|O|O|OfO|O|O]|O 0 010 0 0 0
Mirabilis jalapa 0 oj|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 0 0
Mirabilis sp 0 oj0|0f0 0|1 |0O|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0
Moussonia deppeana 0 ojojofofojojojojojojojfofo|1jo0j0ojo0j0j07|0 0 010 0 0 0
Murraya paniculata 0 0|0|0|0 |01 |0O|O|O|O|O|O|{O0O|O0O|O|O(fO|O|O0]|O 0 010 0 0 0
Musa sp1 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|0O|O|OfO|O|0]|O 0 010 0 0 0
Musa sp2 0 0|0|0|0|0O|OfO|O|O|O]|O|O0O|{0O|0O|0O|OfO|O|0]|O 1 011 0 0 1
Myrtillocactus geometrizans 0 ojojofofjojojojojojojofofo|o0j|0j0|0O|0O]|O0]|O 0 010 0 1 0
Nectandra salicifolia 0 oj0|1|0|0|OfO|O|O|O|O|O|O|O|O|OfO|O|O]|O 0 010 0 0 0
Neobouxbaumia tetetzo 0 0oj|0|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0




Neobuxbaumia scoparia 0 110|0]0|0O|1|1|0|O|O]|O|O|O|O|OfO|O]|O]|O]O 0 00 0 0 0
Nerium oleander 0 ojo|o0j0j0fOfO|O|O|O|O|O|O|O|O|OfO|O|O]|O 0 010 0 0 0
Nicotiana glauca 0 ojojo0jo0j0f0O(fO|O|O|O|1|1|{1]0O]0O|O([1|0O|0]|O 0 010 1 1 0
Odontonema callistachyum 0 ojojofofojojojojojojojfofojo0jo0j0|{0|0|0]|0 0 010 0 0 0
Oenothera sp 0 ojo|o0j0j0f0OfO|O|O|O|O|O|{1T|O|O|1(0O|O0O|0]|O 0 010 0 0 0
Operculina pteripes 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O0O|O0O|O|O(O|O|O0]|O 0 010 0 1 0
Opuntia decumbens 0 0oj|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 0 0
Opuntia excelsa 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{O0O|O0O|O|OfO|O|0]|O 0 010 0 0 1
Opuntia ficusindica 0 0|0|0|0|0O|OfO|O|O|O]|O|O0O|{0O|0O|0O|OfO|O|0]|O 0 010 0 1 0
Opuntia fuliginosa 0 ojo|o0j0j0fOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0
Opuntia gosseliniana 0 o(ojojofojo|o0jo0jo0of0j0|0f0O|O0O|O0O|0O]|O|O]|O]|O 0 010 0 1 0
Opuntia imbricata 0 ojo|o0j0j0f0OfO|O|O|O|1|1|{1]O0O]O|1[1|0|0]|O 0 010 0 0 0
Opuntia karwinskiana 0 ojo|0f0|0|OfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 1
Opuntia pilifera 0 0|0|0|0|0OfOfO|O|O|O|O|O0O|{O0O|O|O|O(fO|O|O0]|O 0 010 0 1 0
Opuntia sp1 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Opuntia sp2 0 0|0|0|0|0O|OfO|O|O|O]|O|O0O|{0O|0O|O|OfO|O|0]|O 0 010 0 1 0
Opuntia sp3 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|O|O(O|O|0]|O 0 010 0 0 0
Opuntia sp4 0 ojo|0f0|0fOfO|O|O|O|O|O|{O|O|O|1(0O|O|0]|O 0 010 0 0 0
Pachycereus hollianus 0 ofojojofojo|o0jojofo0jo0j|0f0|{0O|0O|0O|OfO]|O0]|O 0 010 0 1 0
Palicourea padifolia 1 11011 |1jojofo|1|{1|1j0of1|0|1|0]0|O0]0O 0 010 0 1 0
Passiflora membranacea 0 0of0jo0jofoj{o|0j0j0f0j0O|1|{1{1|0]0]O|O]|O0]|O 0 00 0 0 0
Paullinia sessiliflora 0 0|0|0|0 |01 |0O|O|O|O]|O|O0O|{O0O|O0O|O|O(fO|O|0O]|O 0 010 0 0 0
Penstemon barbatus 0 0j0|1]0j0fOfO|O|O|O|O|1|{1]0O]O|1[1|0|0]|O 0 010 0 1 0
Penstemon gentianoides 0 0|0 |1]0(0f0OfO|O|O0O|1|1|1{1]0]0]0[0|O0O|0]|O0 0 010 0 0 0
Penstemon hartwegii 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|0O|0O|OfO|O|0]|O 0 010 0 0 0
Penstemon kunthii 0 ojo|o0jo0j0f0OfO|O|O|O|O|1|{0O|1T]|O|OfO|O|O]|O 0 010 0 0 0
Penstemon perfoliatus 0 ofojojofoj{oyjo0jo0jof1joj|o0jf1{0|0j0j0|f0O]|0]|O 0 010 0 0 0
Penstemon roseus 0 00 (100|000 |O0O O[T |1 1|00 1T |1 [1]0]|0 0 00 0 1 0
Penstemon sp 0 ojo(o0j0j0f0OfO|O|O|O|O|1|{1]0|0O|OfO|O|0O]|O 0 010 0 0 0
Petrea volubilis 0 1/0(0f0|0O|0O|O|O|O|O|O|OfO|O|O|O|O]O]|O]O 0 010 0 0 0
Phaseolus coccineus 0 0j0|0f0j0OfO(fO|O O |1 |1 |1 |{1|1]0O|1[1|0|0]|O0 0 010 0 1 0
Phaseolus sp1 0 0|0|0|0|0OfO(f1|O|O|O]|O|O0O|{0O|O0O|0O|OfO|O|0]|O 0 010 0 0 0
Phaseolus sp2 0 0|0|0|0|0O|O(f1|O|O|O]|O|O0O|{0O|O0O|O|O(O|O|O0]|O 0 010 0 0 0
Phisoodium adenodes 0 ojo|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0
Phitecoctenium cruciferum 0 ofojojofojofojojofojoj|0j0|{0O|0O|0|OfO]|O0]|O 0 00 0 1 0
Pilocereus alensis 0 oj|0|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0
Pinguicula moranensis 0 ojojofofojojojojojojofofojo0j|0j0|{0|0]|0]|O0 0 010 0 0 0
Piscidia piscipula 0 110100 |1|0O|0O|0O|0O|O|OfO|O|O|O|O]|O]|O]O 0 010 0 0 0
Pitcarnia palmeri 0 0o|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Pithecellobium mangense 0 ofojojofojo|ojojofoj0|0f0|{0O|0O|0O|O|O]|O]|O 0 010 0 1 0
Plumeria rubra 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{1]0O|0O|O([1|0O|0]|O 0 010 0 1 0
Polianthes geminiflora 0 ojo|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 0 0
Prunella vulgaris 0 0j0|0f0|0OfOfO|O|O|O|1|1|{1]0O]0O|1[1|1|0]|0 0 010 0 0 0
Pseudobombax palmeri 0 oj|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Psittacanthus calyculatus 1 ojojofof1y1jojojoj1jof1(1j0j0j1{1j0j04|o0 1 0|1 0 1 1
Psittacanthus mayanus 0 11100 |1j0|0|0|0|0O|OfO|O|O|O|O]O]|O]O 0 010 0 0 0
Psittacanthus palmeri 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|0O]|O 0 010 0 1 0
Psittacanthus ramiflorus 0 0(0(0[0|0fOfO|O O |1 |1 |1 {1]|1]0]1[1|0|0]|0 0 010 0 0 0
Quamoclit coccinea 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{O0O|0O|0O|O(O|O|0]|O 0 010 0 1 0
Ribes ciliatum 0 ojojo0jo0j0f0OfO|O|O|O|1|O|{1]O|O|1[1|0|0]|O 0 010 0 0 0
Ribes dugesii 0 ojo|o0j0|0fOfO|O|O|O|O|O|1T|0O|O|OfO|O|O]|O 0 010 0 0 0
Ribes sanguineum 0 oj0|0f0|0fOfO|O|O|O|1|O|1]0O|0O|O(f1|0O|0]|O 0 010 0 0 0
Roldana angulifolia 0 oj0|0f0j0fOfO|O|O|O|1|O|{1]O0O|O|1[1|0|0]|O 0 010 0 0 0
Rondeletia sp 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O0O|O|O|O(fO|O|O0O]|O 0 010 0 0 0
Rosa sp1 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Rosa sp2 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|0O|O|OfO|O|0]|O 0 010 0 0 0
Rubus adenotrichos 0 0|{0|0|0|0OfOfO|O|O|1]O|O0O|{1]0]0|O0OfO|O0O|0]|O 0 010 0 0 0
Ruellia inundata 0 1/0(0f0|0O|O|O|O|O|O|O|OfO|O|O|O|O]|O]|O]O 0 010 0 0 0
Russelia flavoviridis 0 ojo|o0j0j0fOfO|O|O|O|O|O|O|O|O|OfO|O|O]|O 0 010 0 0 0
Russelia sp 0 oj0|0f0 |01 (0O|0O|O|O|O|O|O|O|O|O(fO|O|0O]|O 0 010 0 0 0
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Russelia tenuis 0 0|0|0|0 |01 |0O|0O|O|O]|O|O0O|{0O|0O|0O|OfO|O|0]|O 0 010 0 1 1
Salvia albocaerulea 0 ojo|o0j0j0fOfO|O|O|O|O|O|O|1T|O|OfO|O|O]|O 0 010 0 0 0
Salvia amarissima 0 oj0|1|0j0fOfO|O|O|O|O|O|1T]|0O|O|1[0O|O0O|0]|O 0 010 0 0 0
Salvia betulaefolia 0 oj0|0f0|0fOfO|O|O|O|O|O|1T]|0O|0O|OfO|O|0O]|O 0 010 0 1 0
Salvia cf Mocinoi 0 ojo(o0j0j0f0OfO|O|O|1]|O|O|{O0O|O|O|OfO|O|O]|O 0 010 0 0 0
Salvia chamaedryoides 0 0|0|0|0|0OfOfO|O|O|O|O|O|{1]0O|0O|O(f1|0O|0]|O 0 010 0 1 0
Salvia cinnabarina 0 0oj0|0f0|0OfOfO|O|O|O|O|O|{1T|1]0]OfO|O|0O]|O 0 010 0 0 0
Salvia coccinea 0 110000 |0O|1|0O|0O|O0O|O|OfO|O|O|O|O]O]|O]O 0 010 0 0 0
Salvia elegans 0 00 |{1]0(0 O[O0 O |1 |1 |1 {1 |11 |11 |1|0]|0 0 010 0 1 0
Salvia iodantha 0 oj0|1]0j0fO(fO|O O |1 |1 |1 {1 |T]|1]1[1|0|0]|O0 0 011 0 0 0
Salvia lavanduloides 0 ojo|o0f0j0f0O(fO|O|O|1|1|1]{0O|1T]|O|1[0|0O|0]|O 0 010 0 0 0
Salvia leucantha 0 oj|o0|0f0j0fOfO|O|O|O|O|O|1T|O0O|O|O(fO|O|O]|O 0 010 0 0 0
Salvia mexicana 0 ojo0|1]0j0f0O(fO|O O |1 |1 |1 {1 |11 |1 [1|0|0]|O0 0 011 0 0 0
Salvia mocinoi 0 0|0|0|0|0OfOfO|O|O|O|O|1{1]0]0O|1 (00|00 0 010 0 0 0
Salvia mycrophila 0 0|0|1]0j0fOfO|O|O|O|O|1|{1]0O]0O|1[1|0|0]|O0 0 010 0 1 0
Salvia patens 0 0|0|1]0(0f0OfO0O|0O|O|O]|O|O{1]0O]0O|1 (00|00 0 010 0 0 0
Salvia polystachya 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|O|O(O|O|0]|O 0 010 0 1 0
Salvia prunelloides 0 ojo|o0j0j0fOfO|O|O|O|O|O|1T|O|O|O(f1|O0O|0]|O 0 010 0 0 0
Salvia purpurea 0 1/0(1|0|0|0O|1|0O|O|O|O|O|1|O|O|O|O|O]|O]O 0 011 0 1 0
Salvia sp1 0 oj|0|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O0]|O 0 010 0 1 0
Salvia sp2 0 ojo(o0j0j0f0OfO|O|O|O|O|1|{1]0|0O|OfO|O|0O]|O 0 010 0 1 0
Salvia sp3 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O0O|O|O|1(0O|O0O|0]|O 0 010 0 0 0
Saturega oaxacana 0 ojojofofjojojojojojojojfofoj0j0j0{0|0]|0]|0O 0 010 0 0 0
Scutellaria caerulea 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{1]0|0|OfO|O0O|0]|O 0 010 0 0 0
Scutellaria splendens 0 ojojofofojojojojojojofofo0O|0|0O|0O|O|O0O]|O0]|O 0 110 0 0 0
Senecio angulifolius 0 ojo|0j0j0fOfO|O|O|O|O|O|1T]|O|O|1([1|0|0]|O 0 010 0 1 0
Senna racemosa 1 110|010 (1|00 0O|OfO|O|O|O|O|O|0O]|O|O]O 0 00 0 0 0
Serjania sp 0 0oj|0|0f0 |01 (0O|O|O|O|O|O|O|O|O|O(fO|O|0O]|O 0 010 0 0 0
Serjania yucatanensis 0 1/0|0|0|0O|0O|O|O|O|O|O|O|O|O|OfO|O]|O]|O]O 0 010 0 0 0
Silene laciniata 0 0|0|0|0|0OfOfO|O|O|O|O|O|{1]0O|0O|OfO|O|0]|O 0 010 0 0 0
Solanum nigrescens 0 ojojofofjojojojojojoj1j{ofo0j0j0j0{0|0]|0]|0 0 010 0 0 0
Solanum tridynamun 0 0|0|0|0|0OfO(f1|O|O|O]|O|O0O|{0O|O0O|0O|OfO|O|0]|O 0 010 0 0 0
Sommera grandis 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|0O|0O|OfO|O|0]|O 0 010 0 0 0
Spigelia longiflora 0 ojo|o0j0j0fOfO|O|O|O|O|O|1|0O|0O|OfO|O|O]|O 0 010 0 0 0
Stachys aff lindenii 0 ojojo0jo0j0f0O(fO|O|O|O|O|1|{1|1T]O|1[0|0O|0]|O 0 110 0 0 0
Stachys coccinea 0 ojo0|0j0j0f0O(fO|O|O|O|1|1|{1]O|1|1[1|0|0]|O 0 010 1 1 0
Stachys sp 0 ojo(0j0j0fOfO|O|O|O|O|O|1T|O0O|O|OfO|O|O]|O 0 010 0 0 0
Stachytarpheta frantzii 1 11 (1|10 |1jojojfojo0j0j0f0f0O|0O|O0O|O0O|O]|O]O 0 010 0 0 0
Stenocereus dumortieri 0 0(0j0j0f0|{0O|0O|0O|O0OfO|O|OfO|O|O|O0O]|O|O]|O]|O 0 00 0 1 0
Stenocereus marginatus 0 ofojojofojo|ojojofoj0|0f0|{0O|0O|0O|O|O]|O]|O 0 00 0 1 0
Stenocereus queretaoensis 0 ojojofofojojojojojojofofo|0|0|O0O|O|O0O]|O0]|O 0 010 0 1 0
Stenocereus sp 0 ojo|0|0|0OfOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0
Stenocereus stellatus 0 ofojojofoj{o|o0jojofo0jo0j|0f0|{0O|0O|0O|OfO]|O0]|O 0 00 0 0 0
Stenocereus thurberi 0 0o(0j0j0f0|{0|0OJ0O|O0OfO|O|OfO|O|O|O]|O|O]|O]|O 0 00 0 1 0
Symphoricarpos microphyllus 0 ojojofofjojojojojojojofoft1jo0jo0j0j0|0|0]|0 0 010 0 0 0
Syzygium jambos 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O0O|O|O|O(fO|O|O0O]|O 0 010 0 0 0
Tabebuia chrysantha 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|0O]|O 0 010 0 1 0
Tabebuia donnellsmithii 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|O0O|O|OfO|O|0]|O 0 010 0 0 1
Tabebuia rosea 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{O0O|0O|0O|O(O|O|0]|O 0 010 0 1 0
Techomaria capensis 0 ojojofofjojojojojojojofofo|o0j|0j0|0O|0O]|O0]|O 0 010 0 1 0
Tecoma stans 0 ojo0|1|0j0f0OfO|O|O|O|O|1|{1]0|0O|O([1|0O|0]|O 0 010 0 1 0
Tetramerium abditum 0 oj|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Thevetia ovata 0 ojo|o0f0j0fOfO|O|O|O|O|O|O|O|O|O(fO|O|O]|O 0 010 0 1 0
Tigridia orthantha 0 0oj0|0f0|0OfOfO|O|O|O|O|O{1|1]0|0OfO|O|0]|O 0 010 0 0 0
Tillandsia achyrostachys 0 0|0|0|0|0OfOfO|O|O|O|O|O|{O|O|O|O(fO|O|O]|O 0 010 0 1 0
Tillandsia bartramii 0 0|0|0|0|0O|OfO|O|O|O]|O|O|{0O|0O|O|OfO|O|0]|O 0 010 0 0 0
Tillandsia capitata 0 0|0|0|0|0O|OfO|O|O|O]|O|O0O|{0O|0O|0O|OfO|O|0]|O 0 010 0 1 0
Tillandsia dasyliriifolia 0 1/0(0f0|1|0O|0O|O0O|O|O|O|OfO|O|O|O|O|O]|O]O 0 010 0 0 0
Tillandsia deppeana 0 1/0(0f1|0|0O|0O|O0O|O|O|O|OfO|O|O|O|O|O]|O]O 0 010 0 0 0
Tillandsia erubescens 0 ojo0|0f0j0fOfO|O|O|O|1|1|{1]0]0O|OfO|O|0]|O 0 010 0 0 0




Tillandsia fasciculata 0 0 010 0|0|0|0|0O|OfO|O|O|O]O]|O]O 0 010 0 1 0
Tillandsia guatemalensis 0 0 010 ojojofoyjo|1jojojojojfo|o|o 0 010 0 0 0
Tillandsia streptophylla 0 0 010 oj|0|0|0|0O|OfO|O|O|O|O]|O]O 0 010 0 0 1
Tillandsia vicentina 0 0 010 ojo0|0f0|1|0f0O|O|O|O]O]|O]O 0 010 0 0 0
Tillandsia violaceae 0 0 010 oj0|0|1|1|1|0|0O|0O|O0O]|O]|O]O 0 010 0 0 0
Tillansia sp1 0 0 010 00 |1 |1 |1 |1 |01 |1]|1]0]|0]0O 0 010 0 0 0
Tillansia sp2 0 1 010 0o|0|0|0O|0O|OfO|O|O|O]O]|O]O 0 010 0 0 0
Triumfetta speciosa 0 0 010 ojojofojoj|ojojojojofo|o|o0 0 00 0 0 0
Urvillea ulmacea 0 0 010 0|0|0|0|0O|OfO|O|O|O]O]|O]O 0 010 0 0 0
Vernonanthura cordata 0 0 0|0 0|0(1j0f0|0O|0O[1T|Of1]0]|0]|0O 0 00 0 0 0
Vemonia sp 0 0 010 oj0|0f0|0O|1|0O|0O|O|O]|O]|O]O 0 010 0 0 0
Vigna elegans 0 0 010 oj|0|0|0|0O|OfO|O|O|O]|O]|O]O 0 010 0 0 0
Vitex gaumeri 1 1 010 oj|0|0|0|0O|OfO|O|O|O]|O]|O]O 0 010 0 0 0
Vitex mollis 0 0 010 0|0|0|0|0O|OfO|O|O|O]O]|O]O 0 010 0 1 0
Wigandia urens 0 0 010 0o|0|0|0|O|OfO|1|O|O]O]|O0]O 0 010 0 0 0
Zinnia peruviana 0 0 00 o|ojojofojo|0j0j0Of0O|0O]|O]|O 0 010 0 1 0
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Appendix 4. Results from the modularity analysis. Modularity was calculated in MODULAR
(Marquitti et al. 2014) using Barber’s metric for bipartite networks (Barber 2007), with
simulated annealing as the searching algorithm and following the recommended program
settings: an initial temperature of 2.0, a cooling factor of 1.01, and an iteration factor of 1
(Marquitti et al. 2014). Barber’s modularity divides the matrix into an a priori undefined
number of modules using matrix’s eigenvalues, minimizing the number of links between
modules while maximizing within-module connectance (Barber 2007). We estimated the
significance of each run against 100 null matrices obtained with MODULAR’s Null Model 2,
which creates matrices with the same number of species and interactions as the empirical one,
and in which species interaction probability is based on their observed connectivity
(Bascompte et al. 2003; Marquitti et al. 2014). As MODULAR uses an iterative searching
algorithm, we investigated the robustness of the resulting modular partition by running the
analysis 30 times using different seed set numbers. The resulting 30 partitions showed similar
levels of modularity but differed in the resulting number of modules (Table S3.1). Hence, we
further explored the species composition of the modules in the different runs. Species
composition of modules was relatively constant, with all but five of the hummingbird species
being placed over 87% of the runs together in the same module (that is, in 26 out of the 30
runs). This threshold value for establishing modules was chosen through a hierarchical
agglomerative cluster analysis of dissimilarity data (Figure S3.1). Supporting this partition,
hummingbirds with variable module partners were not randomly scattered but tended to be
placed together with specific modules (Figure S3.1) and showed no differences in any of the

studied traits with species forming constant groups (Table 1, Figure S3.2).
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662  Table S4.1. Results from the 30 runs of the MODULAR (Marquitti et al. 2014) modularity
analysis. Notice that the resulting number of modules varies between 5 and 8. Modularity

664  values average M=0.466, with a standard deviation of SD=0.004. All runs were significantly
modular when compared against matrices of same number of species and interactions as the

666 empirical one, and where species have a probability of interaction derived from their observed

connectivity (NM2).

Run ID Number of resulting modules Modularity value NM2 p-value

1 7 0.471 0
2 6 0.467 0
3 5 0.466 0
4 7 0.464 0
5 8 0.464 0
6 6 0.473 0
7 5 0.462 0
8 7 0.471 0
9 7 0.464 0
10 8 0.464 0
11 6 0.463 0
12 6 0.464 0
13 8 0.464 0
14 8 0.464 0
15 6 0.465 0
16 5 0.473 0
17 6 0.461 0
18 8 0.471 0
19 5 0.467 0
20 6 0.474 0
21 7 0.461 0
22 5 0.464 0
23 7 0.464 0
24 6 0.462 0
25 5 0.458 0
26 5 0.471 0
27 7 0.466 0
28 6 0.464 0
29 6 0.466 0
30 6 0.458 0
668
670
672
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Figure S4.1. Heatmap illustrating the frequency each pair of hummingbird species was placed
in the same module in each modularity run. The modularity algorithm was run 30 times.
Clustering analysis was performed with a fast hierarchical and agglomerative routine of
dissimilarity data from the fastcluster package in R (Miillner 2017) resulting in five clusters.
Arrows mark the five hummingbird species without constant partners. Heatmap compiled in

the heatmap3 package in R (Zhao et al. 2016).




682

Figure S4.2. Results of the non-metric muldimensional scaling ordination of five
hummingbird species traits (bill length, body mass, biogeographical distribution, degree of
684 endemism and migratory behavior). The illustration shows (a) how hummingbirds without
fixed module-partners do not differ in traits from hummingbirds with fixed module partners,
686 and (b,c) the lack of significant differences when considering modules conformed of only
constant partners (bottom left, the partition showed in the main text) and when considering
688 modules derived from the cluster partition (bottom right). Ellipses in the NMDS indicate 95%
confidence intervals around the centroids of each group. Note that analyzing only constant

690

groups of partners or clusters result in virtually identical ellipses.

Axis 1 Axis 2 NMDS ordination by group constancy

Bill length 0.159 -0.249

Mass 0.122 -0.424

Biogeographical 0.358 -0.013

distribution

Degree of -0.163

endemism

0.836

0.51

Migratory -1.041 -0.054 / A, A

behavior e \
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0
A

MDS2

0.0 ‘ - ~

-0.54

NMDS ordination by species module membership

o 0.51

0.5 / &\ —

Module

0.04

T~ Moduleb

0.0 o1

16

MDS2

-0.54

2 4 0
MDS1

Goodness of fit = 0.426, p-value = 0.001

* 10
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» 2
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Goodness of fit = 0.345, p-value = 0.001



692  Appendix 5. Partial regression plots for the asymptotic errors of the non-parametric multiple

regression with kernel smoothing analysis.
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700  Appendix 6. Differences in average ¢ values in the various hummingbird phylogenetic
lineages (KW X*=13.751, df = 5, p-value = 0.017).
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