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RESUMO

As redes ecoldégicas sdo uma ferramenta que permite compreender as
interacbes dentro de uma comunidade, como as relagdes troficas entre plantas e
insetos, que podem ser cooperativas ou antagbénicas. Essas interagdes representam
uma parte significativa da biodiversidade terrestre global, concentrando-se em regides
tropicais. A coexisténcia espacial e temporal das espécies, suas adaptagdes,
limitagdes e, em alguns casos, sua abundancia determinam a dindmicas destas
interacbes. As lagartas do género Lonomia sdo conhecidas por serem herbivoras
generalistas que se alimentam de uma grande variedade de plantas, sendo a ecologia
das suas interagdes antagdnicas pouco entendidas. Este estudo analisa as interagdes
troficas entre plantas e lagartas do género Lonomia (Lepidoptera: Saturniidae) na
regiao neotropical. Foi realizada uma revisao sistematica da literatura disponivel em
plataformas digitais e uma analise de meta-rede para avaliar essas interagdes troficas.
Foram criadas matrizes binarias de presenca/auséncia e a aplicagao de métricas de
rede e atributos funcionais das plantas hospedeiras, com o objetivo de conhecer se
existe relagao entre os atributos funcionais e as escolhas das espécies de Lonomia.
Como resultado foram compilados 31 registros bibliograficos, documentando a
interagdo de 15 espécies de Lonomia alimentando-se de 145 espécies de plantas
pertences a 39 familias vegetais. A representagao grafica dessas interagées como
uma metacomunidade corresponde a uma meta-rede bipartita com uma topologia
modular. Os resultados confirmam que as espécies de Lonomia sdo herbivoras
generalistas, caracterizadas por um alto numero de ligagdes troficas, especializadas
em consumir tecidos vegetativos de plantas de habito arbéreo e nativas da regiao
neotropical, incluindo algumas interagdes com plantas exéticas. As espécies com o
maior numero de interagées conhecidas foram Lonomia obliqua (41), Lonomia
concordia (20) e Lonomia electra (20), ocupando posi¢des centrais dentro da rede,
com assembleias significativas de plantas alimenticias compartilhadas com outras
espéecies de Lonomia. Entre as espécies de plantas, Hampea appendiculata e Hevea
brasiliensis sdo as mais registradas como parte da dieta das lagartas, assim como as
gue mais parceiros herbivoros reuniram. Por outro lado, algumas espécies de lagarta
como Lonomia casanarensis e Lonomia orientacordillera, apresentaram dados
restritos, dificultando uma categorizacado definitiva em relagdo a sua dieta. Essas

lagartas ocuparam posicoes periféricas na rede, com um baixo numero de conexoes.



Este estudo fornece uma base de dados sobre os recursos alimentares das
lagartas de Lonomia, essencial para trabalhos futuros sobre o manejo e a conservagao
dessas espécies. Também, representa a primeira revisdo abrangente das relagdes
troficas do género Lonomia, destacando seu papel como herbivoro generalista na
regiao neotropical. Adicionalmente, as informagdes coletadas podem ser utilizadas e
adaptadas para o manejo dessas lagartas em condi¢gbes de laboratério. Nossos
resultados apontam limitagdes de informagdes contrastantes para algumas espécies
de Lonomia, o que influencia na montagem da estrutura da rede entre tipos de
interacdo e conjuntos de espécies interagentes. Por ultimo, ha uma limitagdo nos
dados disponiveis sobre atributos funcionais das espécies de plantas predadas pelas
lagartas de Lonomia, o que pode ter influenciado a auséncia de uma relagao

significativa entre as métricas de rede e dispersao funcional.

Palavras-chave: 1; Herbivoria 2; Interagao ecoldgica 3; Lagartas de Lonomia 4;

Meta-rede planta — inseto 5. Saturniidae.



ABSTRACT

Ecological networks serve as a tool for understanding interactions within a
community, such as trophic relationships between plants and insects, which can be
cooperative or antagonistic. These interactions constitute a significant part of global
terrestrial biodiversity, particularly concentrated in tropical regions. The spatial and
temporal coexistence of species, their adaptations, constraints, and in some cases,
their abundance, determine the dynamics of these interactions. Caterpillars of the
genus Lonomia are known as generalist herbivores that feed on a wide variety of
plants, yet the ecology of their antagonistic interactions remains poorly understood.
This study examines trophic interactions between plants and Lonomia caterpillars
(Lepidoptera: Saturniidae) in the neotropical region. A systematic literature review was
conducted using digital platforms, and a meta-network analysis was performed to
evaluate these trophic interactions. Binary matrices of presence/absence were
created, and network metrics and functional traits of host plants were applied to explore
whether there is a relationship between functional traits and Lonomia species
preferences. A total of 31 bibliographic records were compiled, documenting
interactions of 15 Lonomia species feeding on 145 plant species belonging to 39 plant
families. Graphical representation of these interactions as a metacommunity
corresponds to a bipartite meta-network with a modular topology. The results confirm
that Lonomia species are generalist herbivores characterized by a high number of
trophic links, specializing in consuming vegetative tissues of arboreal and native
neotropical plants, including some interactions with exotic plants. The species with the
highest number of know interactions were Lonomia obliqua (41), Lonomia concordia
(20), and Lonomia electra (20), occupying central positions within the network with
significant assemblies of shared food plants among other Lonomia species. Among
plant species, Hampea appendiculata and Hevea brasiliensis are the most recorded
as part of the caterpillars' diet, as well as those that have gathered the most herbivore
partners. Conversely, some caterpillar species such as Lonomia casanarensis and
Lonomia orientacordillera have limited data, complicating definitive categorization
regarding their diet. These caterpillars occupied peripheral positions in the network,

with a low number of connections.

This study provides a database on the food resources of Lonomia caterpillars,

essential for future work on the management and conservation of these species. It also



represents the first comprehensive review of trophic relationships within the genus
Lonomia, highlighting their role as generalist herbivores in the neotropical region.
Additionally, the gathered information can be utilized and adapted for the management
of these caterpillars under laboratory conditions. Our results indicate limitations in
contrasting information for some Lonomia species, influencing the assembly of network
structure between interaction types and sets of interacting species. Lastly, there is a
limitation in available data on functional traits of plant species preyed upon by Lonomia
caterpillars, which may have influenced the absence of a significant relationship

between network metrics and functional dispersion.

Keywords: 1; Herbivory 2; Ecological interaction 3; Lonomia caterpillars 4; Plant-

insect meta-network 5. Saturniidae.
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1 INTRODUCTION

Ecological networks are a tool that allows for the representation and analysis of
interactions between species within a community (Albertoni et al., 2018; Martins et al.,
2020; Marquez, 2021). These networks are associated with the ecological roles of
interacting species and aspects related to their niches (Aguado et al., 2019; Malucelli,
2018). The general representation of the network is formed by modules composed of
interacting biological groups (Aguado et al., 2019; Marquez, 2021; Neff et al., 2021).
Indices associated with networks help to understand the characteristics of interactions
and species (Dormann et al., 2008), providing information on species' ecological or

evolutionary aspects within a community or ecosystem (Dormann et al., 2009).

Researchers like Carvajal (2018), Malucelli (2018), and Martins et al. (2020)
indicate that the phenotypic characteristics of interacting species, such as
morphological, phenological, and behavioral traits, are important for the likelihood of
interaction occurrence and the structural patterns of ecological networks, as well as
the relative abundance of species in specific environments. Although morphological
traits and species abundance are the characteristics that most influence the
construction of interactions (Pilosof et al., 2017; Malucelli, 2018), these parameters are
influenced by factors acting on larger scales, such as evolutionary history, historical
events, dispersal, and environmental filter effects, which influence the composition and
abundance of species and their traits, contributing to the determination of current

interaction patterns (Delmas et al., 2019; Martins et al., 2020).

The variety of ecological and functional characteristics of species within a
community (functional diversity) plays a crucial role in maintaining the stability and
resilience of ecosystems (Tilman et al., 1997; Hooper et al., 2005). Functional diversity
is not limited to species richness but also includes strategies influencing ecological
interactions (Loreau et al., 2001; Hooper et al., 2005). Understanding ecological
interactions within a community and their relationship with the functional diversity of
species can provide insights into underlying ecological processes, species distribution,

and community assembly (Leibold et al., 2004; Loreau et al., 2001).

On a broader geographical scale, local communities are interconnected within
a metacommunity, encompassing multiple interactive communities in a landscape or

region (Leibold et al., 2004). The structure and dynamics of ecological networks reflect



local interactions and species exchanges between different communities, thus
influencing ecosystem diversity and stability (Leibold et al., 2004; Loreau, 2004), and
can be represented in a meta-network. This research explores these interactions in a
specific context, focusing on the interaction between herbivorous insects and their host

plants.

Interaction networks that describe predator-prey relationships, such as
herbivory, are antagonistic (Aguado et al., 2019). These interactions represent more
than 40% of global terrestrial biodiversity (Ballesteros-Mejia et al., 2020; Marquez,
2021), mainly concentrated in tropical regions (Marquez, 2021). The ecological role of
herbivores as transformers of large quantities of plant biomass (Ricardo-Molina et al.,
2019) structures various interactions involving the natural history of their food plants,
insectivorous predators, and parasitoids (Aizen et al., 2016; Kawahara et al., 2019;
Ricardo-Molina et al., 2019). The herbivorous feeding habit of insects results from
coevolutionary processes with their food plants (Mendel et al., 2009; Kawahara et al.,
2019). In these trophic interactions, herbivores benefit from consuming plant tissue,
while plants suffer fitness losses (Andreazzi, 2016; Marquez, 2021). Depending on the
intensity and duration of tissue consumption, plants may experience reduced growth
rates, decreased seed production, and even death (Ruiz, 2017). However, despite the
adverse effects on plants, this interaction is fundamental for ecosystem functioning due

to the energy flow to higher trophic levels (Marquez, 2021).

In the evolutionary context of species involved in herbivory, plants have
developed resistance, tolerance, and post-damage-induced defense mechanisms to
counter their consumers' attacks (Ruiz, 2017; Marquez, 2021). In turn, herbivores
strive to neutralize the mechanisms acquired by host plants, adapting and specializing
in these mechanisms (Ruiz, 2017). These processes play an essential role in the
diversification, distribution, and succession of terrestrial plant communities and their

herbivores (Marquez, 2021).

Among herbivores, the order Lepidoptera includes butterflies and moths, playing
an essential role in herbivorous interactions (Albertoni et al., 2018; Alberti et al., 2022).
This order comprises 157,424 species distributed worldwide (Ricardo-Molina et al.,
2019; Alberti et al., 2022). The species diversity, varied feeding habits, ease of
sampling, and relatively well-known taxonomy of certain groups, such as the

Saturniidae, make them model organisms for studies on biological diversity in various



communities (Albertoni et al., 2018). Additionally, their species are considered
bioindicators of habitat quality, as their diversity is related to nutrient cycling, plant
population dynamics (Bernardi et al., 2011), and predator-prey relationships in

ecosystems (Bernardi et al., 2011; Casafus et al., 2021).

The Saturniidae family comprises 2,349 species distributed across all world
ecoregions (Albertoni et al., 2018; Kawahara et al., 2019). Adults have a short lifespan
and fulfill three essential functions: reproduction, dispersal, and plant selection for
oviposition and feeding of immature stages (Ballesteros-Mejia et al., 2020).
Researchers such as Brechlin and Meister (2008) described more than 500 saturniid
species for the Neotropical ecoregion (Albertoni et al., 2018), with the genus Lonomia
belonging to this family and being endemic to that region (Malkowski et al., 2018;
Gonzalez et al., 2023).

The genus Lonomia was described by Walker in 1855, comprising 60 species
(Gonzélez et al., 2023) with variable lifespans depending on the species and
environmental conditions (Roodt et al., 2000; Carvajal, 2018). The lifespan can reach
149-178 days for males and up to 180 days for females, which can be divided into
periods such as embryonic (17-30 days) and caterpillar (59-90 days) (Rebelato; Lorini,
1998; Roodt et al., 2000; Chudzinski-Tavassi; Alvarez-Flores, 2013). During this stage,
the caterpillars undergo five to six molts (Carvajal, 2018) until pupating in the soil, with
the pupa stage lasting from 45 to 69 days (Rebelato; Lorini, 1998; Roodt et al., 2000).
The pre-pupa stage settles under leaf litter or shallow soil, with development requiring
specific temperature and humidity conditions as they do not produce a protective
cocoon (Favalesso et al., 2019). Adults emerge to mate and oviposit, with a lifespan of
15 days (Roodt et al., 2000), where males live six days and females live eight days
(Rebelato and Lorini, 1998).

The adult stage features wings that vary in color when viewed dorsally (Toro-
Vargas et al., 2023), a characteristic of sexual dimorphism (Lorini; Corseuil, 2001;
Lorini et al., 2007). Their caterpillars have yellow or white "U"-shaped spots on the third
thoracic segment and fifth abdominal segment (Roodt et al., 2000), with some species
exhibiting a white "H"-shaped spot on the third thoracic segment from the fourth to sixth
instar (Toro-Vargas et al., 2023). In the mature phase, the caterpillars possess a
system of spines of different sizes shaped like "pine trees" (scoli) in greenish-brown

colors, distributed along the body in the dorsal, subdorsal, and lateral regions



(Chudzinski-Tavassi; Alvarez-Flores, 2013) (Figure 1). Generally, they measure six to
seven centimeters in length and live in colonies ranging from 20 to 200 individuals
(Roodt et al., 2000; Toro-Vargas et al., 2023), perched on tree trunks during the day
(Roodt et al., 2000; Carvajal, 2018). These colonies can cover surfaces of about 0.25
m? on the host plant trunk (Roodt et al., 2000). Their light coloration in greenish-brown
tones provides mimetic characteristics that facilitate camouflage (Abella et al., 1999;

Chudzinski-Tavassi; Alvarez-Flores, 2013).

Figure 1. Caterpillars of Lonomia spp.

Source: Butantan Institute website

Lonomia species are distributed in the Neotropical region, from southern Mexico
to northern Argentina (Gonzalez et al., 2023; Toro-Vargas et al., 2023), except for
Chile. Although the presence of Lonomia obliqua has been reported in Uruguay, there
are no collection records (Gonzalez et al., 2023). The occurrences for the species are
Argentina, Bolivia, Brazil, Colombia, Ecuador, French Guiana, Suriname, Venezuela
(Casafus et al., 2021; Gonzalez et al., 2023), Belize, Costa Rica, El Salvador,
Guatemala, Guyana, Honduras, Nicaragua, Mexico, Panama, Paraguay, and Peru,
with each country presenting combinations of different Lonomia species (Gonzalez et
al., 2023).

These species garner significant medical interest due to accidents caused by



their caterpillars, considered a public health problem due to the hemorrhagic syndrome
they can cause in humans (Abella et al., 1999; Casafus et al., 2021; Alberti et al.,
2022). These accidents, known as lonomism, occurring in stages four to six, usually
happen on the trunks of fruit trees that the caterpillars use as food (Chudzinski-Tavassi;
Alvarez-Flores, 2013; Moscoso, 2020). Researchers such as Diaz et al. (2021) indicate
the possibility of 39 Lonomia species being capable of causing hemorrhagic
syndromes in humans, highlighting the need for further studies to confirm this
hypothesis. Despite the medical relevance and diversity of the genus, the literature on
Lonomia is still limited regarding the biology and ecology of the species (Carvajal,
2018; Alberti et al., 2022; Toro-Vargas et al., 2023), especially concerning interactions
with their host plants (Toro-Vargas et al., 2023). The main investigations refer to
taxonomic descriptions, venom biochemistry, medical case reports, and treatment of
accidents (Moraes, 2002; Lorini, 2005), primarily for the species Lonomia obliqua and
Lonomia achelous (Lorini, 2005; Carvajal, 2018; Toro-Vargas et al., 2023),

demonstrating the importance of the present work.

This study focuses on the immature stages of Lonomia species, as adults do
not feed. Instead, it is the adult female that selects the host plant for oviposition,
highlighting the importance of identifying and studying these plants to better
understand the trophic relationships of Lonomia (Carvajal, 2018; Casafus et al., 2021),
and thus, the survival and reproduction of the species depend exclusively on the
resources collected during herbivore-plant interactions in the larval stage (Carvajal,
2018). Lonomia caterpillars are considered polyphagous and flexible in using available
plants under natural conditions (Toro-Vargas et al., 2023), feeding on leaves from a
high diversity of plants across the Neotropical region (Casafus et al., 2021). This
activity occurs at night when the caterpillars climb the branches of trees to reach their
leaves (Gonzalez et al., 2023). Studying the antagonistic relationships of Lonomia is
important to understand processes such as coevolution, food web dynamics,
community assembly, and the configuration of networks among interacting species
(Ballesteros-Mejia et al., 2020).



1.1 OBJECTIVES
1.1.1 General

Describe the structure of the plant-herbivore meta-network of Lonomia
caterpillars (Saturniidae — Lepidoptera) in the Neotropical region, to identify the species

involved and their structural behavior in the assembly of this type of interaction.

1.1.2 Specifics

e Systematically analyze the available empirical evidence on the food plants
described for the genus Lonomia (Saturniidae — Lepidoptera) in the Neotropical
region, to create databases and trophic interaction matrices between the plant

and Lonomia species richness from the available information.

e Describe the structure of metanetwork and the distribution of interactions
between plant and Lonomia species through the matrix and the structure of the

interaction meta-network.

¢ |dentify which morphological functional traits of the food plants may influence

the choice of host plants by the caterpillars of moths in the genus Lonomia.



2 MATERIALS AND METHODS
2.1 SYSTEMATIC REVIEW

A systematic review of the literature was conducted following the guidelines of
Antman (1992), Oxman (1993), and Beltran (2005) to design eligibility criteria for
gathering and integrating secondary empirical evidence on species of the genus
Lonomia and plants reported as food resources in the Neotropical region. The review
adhered to the information organization proposal of the PRISMA 2020 method (Page
et al., 2021). Information was collected between June 2023 and January 2024,
combining the keywords 'Lonomia' and 'host plant' across databases including Google
Scholar, PubMed, ScienceDirect, and Scopus. The search was expanded using
Boolean operators “AND” and “OR” as appropriate, including the following
combinations: (((Lonomia) OR Lonomia caterpillars) AND ((((((((((Host plants) OR
Tree) OR Food plants) OR Herbivory) OR Diet) OR Life-history) OR Lonomism) OR
Clinical cases) OR Geographical distribution) OR Ecological niche)). The studies were
organized in a spreadsheet recording each platform's entries, followed by several
screenings for duplicate management to eliminate redundancies between databases.
Initial screenings included title and keyword analysis, along with the eligibility criteria

of records.
2.1.1 Record eligibility criteria

Following the proposals of Antman (1992), Oxman (1993), and Beltran (2005)

in designing eligibility criteria:

Empirical records in various formats, such as scientific articles, scientific notes,
monographs, dissertations, theses, data papers, books, book chapters, and abstracts
published in English, Portuguese, and Spanish were included. Records related to the
rearing of caterpillars under laboratory conditions, fed with plants previously identified
as wild hosts in the same research or other studies, were also considered. The
temporal coverage included documents published up to January 2024, and records

reporting herbivory in crops were included.

Records involving plants with particular common or popular names of the study
area were excluded, as were records involving the rearing of caterpillars in captivity

and their feeding with plant species not identified under wild conditions.



2.1.2 Manual search

From the total list of records obtained after applying the eligibility criteria, records

were integrated into a single spreadsheet, and the stages of "Identification,"

"Screening," and "Included" were applied to obtain the final list of documents for

database creation (Page et al., 2021):

1.

Identification stage: A second filter was applied to eliminate duplicate
records from the total initial search. Duplicates were removed by organizing
the titles of each study alphabetically, retaining the first record of each

duplicate.

Screening stage: After reading the title and abstract of each record, those
lacking the information of interest were eliminated. A new list of eligible
documents for in-depth reading was prepared, followed by the final

screening.

Included stage: The total number of studies included in the systematic review
was considered. Additionally, documents from a subsequent search using
other methods related to the in-depth reading of records from the screening

stage were included.

From the resulting bibliographic records, a synthesis of dispersed information

was conducted on the qualitative and quantitative aspects of the documents and

reported plant species, including: the number of records published per year, the

number of formats of the records included in the review, type, and number of: family,

genus, plant growth habit (categories: Tree, Shrub, Herb, Liana, or Palm), and origin

of plant species according to the geographic area where the interaction was reported
(classified as Endemic, Native or Exotic) (JBRJ, 2024; WFO, 2024) along with the

country. A map of the life zones of Lonomia was created using records from countries

where caterpillar-plant interactions were reported, utilizing QGIS software version

3.36.0 (QGIS, 2022). This was done to complement the results of this research and

the biological and ecological aspects of Lonomia species.

2.1.1 DATABASES

The collected information was organized in spreadsheets as follows:

H1 Systematic review, includes: Bibliographic Reference, Title, Source,



Document Type, Written Language, and Referenced Plant Name (Appendix 1).

The taxonomic classification of reported plants was verified through the
platforms Flora e Funga do Brasil (https://floradobrasil.jbrj.gov.br/) and World
Flora Online (https://www.worldfloraonline.org/), discarding possible synonyms
in taxonomic classification (Appendix 2) and completing missing taxonomic

information.

e H2 Interaction of species of the genus Lonomia, Saturniidae
(Lepidoptera) together with their food plants, includes: Bibliographic
Reference, Interaction Record Country, Name Code, Lonomia Species, No. of
Associated Plant Families, Family Plant Feed, No. of Associated Plant Genus,
Genus of Food Plant, No. of Associated Plant Species and Species of Food
Plant (Appendix 3).

e H3 General plants group, includes: Name Code, Family Name, Number Plant
Genus, Moth Genus Name, Number Plant Species, Name Code, Plant Species

Names, Growth Habit e Origin of Plants (Appendix 4).
2.2 META-NETWORK ANALYSIS
2.2.1 BINARY MATRIX

From the database information, binary interaction matrices were created. These
matrices consist of two interaction levels, with one level represented in columns
(species of the higher trophic level, Lonomia species) and the other in rows (species
of the lower trophic level, food plant families or species) (Dormann et al., 2008). The
interconnected cells between columns and rows were filled with the presence or
absence of interactions, following Mello et al. (2016), assigning a value of one (1) for
the presence of interaction and zero (0) for absence. This procedure allowed the

design of a bipartite metanetwork using R software version 4.2.3 (R Core Team, 2022).

2.2.2 NETWORK METRICS ANALYSIS

The bipartite metanetwork was visualized using the "plotweb" function. This
graph represented two rows of rectangles at each end, symbolizing the interacting
groups: the width of each rectangle was proportional to the sum of interactions

involving each species. Interacting species were connected by lines (Dormann et al.,



2008). The term "line" refers to the interaction between a pair of species (one from the
lower trophic level and one from the upper trophic level) (Dormann et al., 2009). The
names of the rectangles were represented by codes for Lonomia species (Appendix 3)

and for food plant families and species (Appendix 4).

Indices associated with the bipartite metanetwork captured different network
characteristics, interactions, and involved species. The functions used were
"networklevel" and "specieslevel" (Dormann et al., 2008; 2009; R Core Team, 2022).
The "networklevel" function included indices: "Connectance," indicating the proportion
of realized links to possible links in the network; "Cluster Coefficient," indicating the
average number of links among all species, dividing the number of realized links by
the number of possible links. This coefficient can be calculated for the entire network
or each level (indicated by the suffix HL or LL, referring to the lower and upper levels,
respectively); "Linkage density," indicating the weighted marginal totals of interactions
per species; "Links per Species," indicating the average number of links per species;
"Nestedness," representing a measure of deviation from the systematic arrangement
of species by niche breadth; "Number of Compartments," indicating the number of
subsets in the network not connected (through an upper or lower trophic level) to
another compartment; "Specialization asymmetry," indicating asymmetry (upper vs.
lower trophic level) of specialization, with positive values indicating greater
specialization of the upper trophic level; and finally, the "Web Asymmetry" index,
representing the balance between the numbers at the two trophic levels. Positive
values indicate more species at the lower trophic level, and negative values indicate

more species at the upper trophic level.

The "specieslevel" function included indices: "Degree," indicating the sum of
links per species; "Normalised degree," indicating the number of possible partners per
species; "Species strength," representing the sum of dependencies of each species,
quantifying a species' relevance among all its partners; "Species specificity index," a
measure of specialization based on the coefficient of variation of interactions,
normalized to values between zero (0) and one (1), with zero indicating low variability
and one indicating high variability (and thus suggesting low and high specificity);
"Betweenness," describing a species' centrality in the network by its position on the
shortest paths between other nodes; "Closeness," indicating a species' centrality in the

network by the length of its path to other nodes; and finally, the "d" index, measuring



each species' specialization based on its discrimination from random partner selection.

These ecological descriptors or network indices were selected because they do
not consider unspecified aspects in constructing the presence/absence interaction
matrices, such as interaction frequency between species or species abundances
(Dormann et al., 2008; 2009).

The meta-network interaction analysis followed guidelines proposed by Dattilo
& Rico-Gray (2018) and Aguado et al. (2019) to describe the meta-network structure
and the roles of involved species. At the meta-network level, the structure was
characterized by calculating metrics: modularity (Q), nestedness, and connectance
(Aguado et al., 2019).

The modularity metric was used to describe the tendency of different subsets of
species within the network to interact more easily with each other than with the rest of
the species (Dattilo & Rico-Gray, 2018). This index quantitatively ranges from zero (0)
when there is no modularity to one (1) when modularity is present (Bluthgen et al.,
2006) and qualitatively subdivides the meta-network structure into modules or
compartments (Dattilo & Rico-Gray, 2018).

Modularity (Q) values were obtained using the "computeModules" function. The
components expressed in the formula are: m, representing the total value of
interactions observed in the matrix; the modules where the caterpillar’'s species and
their host plants are represented by jjin C. The & function will yield a result of one (1)
if species i and j are in the same module and zero (0) if they belong to different
modules. K is the expected matrix, formed by the cross-product of the marginal totals
of each species in the module divided by the sum of the number of observed

interactions in the given module (Oliveira, 2018).

The Nestedness metric was used to describe the distribution of interactions
among partners by overlapping the links of low-degree species with high-degree
species in the interaction pairs (Dattilo & Rico-Gray, 2018). Species with few links
(specialists) interact with species with many links in the network (generalists). "NODF"
values range from zero (0) to one hundred (100), with high values indicating high

nestedness and low values indicating low nestedness (Bluthgen et al., 2008).

The Connectance index (C) represents the proportion of interaction links in a

network (the ratio between the total number of links and the theoretical maximum



number of possible links) (Dattilo & Rico-Gray, 2018; Aguado et al., 2019). Values

close to one (1) translate to total connectivity among species (Aguado et al., 2019).

2.2.3 FUNCTIONAL ATTRIBUTE METRICS ANALYSIS

The variation in the diet of Lonomia caterpillars was assessed by compiling
functional traits of plants that showed herbivory records. Data were obtained from the
Botanical Information and Ecology Network (BIEN; Enquist et al., 2016) and the TRY
plant trait database (Kattge et al., 2020). Selected traits included Leaf dry matter
content (LDMC), Leaf thickness (LT), Leaf area (LA), and Leaf fresh mass (LFM).

These traits were chosen because they directly relate to palatability (Diaz et al., 2016).

Subsequently, the functional diversity of the plants interacting with each
Lonomia species was calculated. Functional dispersion (FDis) was calculated to
measure how much species diverge in their traits relative to a centroid, analogous to a
multidimensional variance. FDis was chosen because it provides a measure of
functional diversity that is not directly influenced by species richness and can be
interpreted in terms of how species are distributed in a functional trait space (Laliberté
& Legendre, 2010). The FD package (Laliberté et al., 2014) was used to compute
functional dispersion, using the plant-by-caterpillar matrix as input. This matrix is
analogous to a community matrix, where caterpillars are equivalent to sampling units
and plants are the species composing the community, with occurrence (in this case,
the occurrence of interaction) scored as zero (0) or one (1). Since most plants had few
or no ftraits, those with fewer than three traits were excluded (Appendix 5).
Consequently, Lonomia species interacting only with plants lacking traits were
excluded from the analysis. To evaluate the relationship between functional dispersion
and network metrics, a simple linear model with Gaussian distribution of residuals was
used, with functional dispersion as the predictor and network metrics as response
variables. Differences in the mean traits of plants interacting with each Lonomia
species were also measured using the Kruskal-Wallis test (Appendix 6). In cases of
significant differences between groups, Dunn's test was used to test differences
between each pair of caterpillar species. Before the analyses, all variables were

inspected and transformed when necessary.

3 RESULTS

3.1 SYSTEMATIC REVIEW



During the study identification stage, 1,095 records were obtained, contributed
by PubMed (139 bibliographic records), ScienceDirect (343 records), Scopus (172
records), and Google Scholar (441 records). Upon merging the databases into a single

dataset, 36 duplicate records were removed (Figure 2).
Figure 2. Systematic review results in Prisma 2020 flowchart.
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The top part shows two columns for study identification through databases, records, and other
methods, filtered through the stages of Identification, Screening, and Inclusion.

Continuing with the Screening stage, 1,034 records were eliminated after
reading the titles and abstracts. From the title reading, 972 records were discarded,
and another 62 records were discarded from the abstract reading. These discards

occurred mainly for four reasons:

1. Focus on the biological and ecological aspects of the adult stage of the
Lonomia genus, a life stage where the species lack functional structures for
feeding.

2. Approach to the ecological, biochemical, and pathophysiological

characterization of intoxication without biological aspects related to the caterpillar's

host plant.

3. Restriction to clinical cases without field data on caterpillar-plant-patient



interaction or biological characterization of the area where the incident occurred, as

Lonomia caterpillar incidents are considered a public health issue.

4. Distribution records of Lonomia species or ecological niche studies based

solely on abiotic traits.

As a result of this stage, 25 records were pre-selected for the systematic review.
Regarding their references, a new search for records was conducted on the Google
Scholar platform. These searches revealed nine studies to be included in the review,
three of which are restricted-access books referenced by Lorini (1999), Moraes (1992),
and Pastrana (2004). However, the references to the food plants in these studies are
cited by the studies already included in the review. This new search provided six new
records, resulting in 31 documents to be included in the systematic review. They all
report records of Lonomia species or genus-level descriptions associated with food

plants (Figure 2).

After manually searching records, the Google Scholar search platform proved
to be the most significant contributor of records (21) (Appendix 1), and all records
generated by PubMed were discarded from the final total. In most records (14), the
plants were identified by their scientific and common names, followed by 13 studies
that identified the plants by their scientific names, and four opted to use common
names (Appendix 1). In many cases, it was possible to transition from a common name
to a scientific name based on plant references in other records, the geographical area
of the study, the presence of the related caterpillar, and the popularity of common
names in various regions. Some records mentioning common names were discarded
due to the high specificity of the names for the study's geographical area, while others

were grouped in the taxonomic genus category.

The studies were published from 1994 to 2023, with the year 2023 having the
highest number of records (4), followed by the years 2005 and 2019, each contributing

three bibliographic records to the review (Figure 3).



Figure 3. Number of records published by year.

= NN N W
w = B =~ O

Records by year
T

9

6

3 ——-'-"'-‘---‘--------'-----"h—-—-—-”"“~“h—-—/”

fosa 1999 2004 2009 2014 2019 2023
Year

= Accumulated = Not accumulated

The red line refers to the number of accumulated studies over the years, while the black line relates
to the number of studies found each year.

The types of records found in the review were articles (21), followed by
dissertations (2), thesis (2), book chapters (1), databases (1), monographs (1),
scientific notes (1), published conference abstracts (1), and scientific reviews (1). The
origin of the article-type records corresponds to the platforms Google Scholar (12),
Scopus (7), and ScienceDirect (2) (Figure 4), in the languages: English (13 records),
Portuguese (14), and Spanish (4) (Appendix 1).

Figure 4. Types of record formats in the review.
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The blue bars refer to the number of records by format type found by Google Scholar, the



yellow bars refer to records found by ScienceDirect, and the purple bars refer to records found by
Scopus.

The records of caterpillar-food plant interactions were reported for seven
countries (Argentina, Brazil, Colombia, Costa Rica, Ecuador, Mexico, and Venezuela),
with some records documented for the Neotropical region. Brazil and the Neotropical
region are the geographical areas that most report Lonomia species (9) for both zones

and involve the highest number of studies (21) and (14), respectively (Figure 5).

Figure 5. Number of bibliographic records and Lonomia species by geographical zone.
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According to the origin of plant species by the geographical area where the
caterpillar-plant interaction was recorded, 72 species were considered native, 39 were
considered endemic, and 34 were considered exotic (Appendix 4, Figure 6). Of the 34
exotic species, 27 (79%) are cultivated species with agricultural and ornamental

interests.



Figure 6. Origin of plant species.
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According to the growth habits of the plant species present in the diet of
Lonomia, 98 species were classified in the "Tree" category, followed by 14 species in
the "Shrub" category, and one species each in the "Herb" and "Palm" categories. Some
species were grouped into combined categories due to the lack of classification to the
specific epithet. These categories included "Shrub, Tree, or Liana," with a total of 30
reported species, and "Herb or Liana," with one identified species (Appendix 4, Figure
7).



Figure 7. Growth habit of plants by species.
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The Tree category groups 68% of the species, represented in dark blue, followed by the categories:
Shrub, Tree, or Liana with 21% of the species, represented in fuchsia, Shrub (9%) in light blue,
Herb (0.7%) in pink, Herb or Liana (0.7%) in gold, and Palm (0.7%) in green.

By growth habit, 31 species are documented in categories that include more
than one habit, being in the "Herb or Liana" category: the species Urtica sp. In the
"Tree or Shrub" category, the species Alchornea spp., Aspidosperma sp, Clethra sp,
Coffea sp, Eriobotrya sp, Eucalyptus spp., Hevea spp., Inga sp, Joannesia sp,
Lagerstroemia sp, Lithraea sp, Parathesis sp, Persea spp., Prunus sp, Pyrus sp,
Quassia sp, Sapium sp, Spondias sp, Stylogyne sp and Tibouchina sp, and in the
"Tree, Shrub, or Liana" category; the species Annona spp., Ficus spp., Machaerium
sp., and Miconia sp. The taxa belonging to the "Tree or Shrub" and "Tree, Shrub or
Liana" categories were combined into the "Tree, Shrub or Liana" category for
graphical interpretation purposes (Appendix 4). Lonomia species primarily choose
plant species with arboreal growth habits, this being the category that gathers most
species (Figure 7).

The review allowed the recording of a group of 15 Lonomia species and
one subspecies feeding on 145 plant species, belonging to 98 genera and 39
families (Appendix 3), distributed in the Neotropical region, recorded as herbivores;

Lonomia achelous (Cramer, 1777), Lonomia casanarensis (Brechlin, 2017),



Lonomia circumstans (Walker, 1855), Lonomia cluacina (Druce, 1877), Lonomia
columbiana (Lemaire, 1971), Lonomia concordia (Druce, 1886), Lonomia cynira
(Cramer, 1777), Lonomia descimoni (Lemaire, 1971), Lonomia electra (Druce,
1886), Lonomia falcata (Walker 1855), Lonomia moniqueae (Brechlin & Meister,
2019), Lonomia obliqua (Walker, 1855), Lonomia orientocordillera (Brechlin, Kach
& Meister, 2013), Lonomia rufescens (Lemaire, 1972), Lonomia santarosensis
(Brechlin & Meister, 2013), the subspecies Lonomia falcata submaculata (Walker

1855), and some interactions documented as Lonomia spp.

3.2 META-NETWORK RESULTS

The topology of the bipartite meta-network between Lonomia species and their
host plant families displayed a modular structure. Seventeen modules representing
Lonomia species were identified, creating 118 connections with 39 modules

representing host plant families across the Neotropical region (Figure 8).

Figure 8. Meta-network of interactions between Lonomia larvae and their host plant families.
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On the left, Lonomia species are grouped into modules (subgroups) along with the number of
trophic interactions they have with plant families. On the right, plant families are grouped into
modules, each showing the number of interactions with different Lonomia species.

The plant families most frequently exploited by Lonomia species were



Euphorbiaceae with eight species, followed by Anacardiaceae, Fabaceae and
Malvaceae, each exploited by seven Lonomia species (Appendix 3, Figure 8). The
species common to these families are: L. obliqua e Lonomia spp. and particularly
for families:

1. Euphorbiaceae: L. achelous, L. concordia, L. descimoni, L. electra, L.

falcata and L. falcata submaculata.

2. Anacardiaceae: L. achelous, L. concordia, L. cynira, L. electra and L.

moniqueae.

3. Fabaceae: L. achelous, L. columbiana, L. cynira, L. descimoni and L.

rufescens.

4. Malvaceae: L. columbiana, L. concordia, L. electra, L. rufescens and

L. santarosensis.

The largest interaction group comprised Lonomia spp. and 24 plant families
grouped into 44 genera, as this module pertains to the genus level rather than specific
epithet, which naturally results in a higher number of interactions. The smallest
interaction groups consisted of L. circumstans and L. cluacina, both associated with
the family Rubiaceae and L. moniqueae, associated with the family Anacardiaceae

(Appendix 3, Figure 8).

Regarding network connectivity, the realized proportion of possible connections
(Connectance) between Lonomia caterpillars and plant families was 0.178. This value
is influenced by the relationship of Lonomia groups associated with the 39 plant
families (Figure 8), with an average of 2.107 qualitative links per species and 8.737
quantitative links per species (Linkage density). The average number of links among
all species (Cluster coefficient) was 0.118, corresponding to the 118 established
connections among the 56 network modules. The average number of links for plant
families was 0.252 (Cluster coefficient HL), and for Lonomia caterpillars, it was 0.338
(Cluster coefficient LL). The Nestedness index was 14.003, indicating that generalist
Lonomia species interact with a broad set of host plant families, while more specialist
species interact predominantly as subsets within the generalists. Specialization
asymmetry indicated lower specialization of the higher trophic level. The Web

asymmetry index indicated more species at the lower trophic level than the upper one,



representing a higher number of plant families compared to Lonomia species. Lonomia
species exhibit a generalist behavior in selecting plant families for feeding (based on

species richness), indicating no specialized pattern within the meta-network (Table 1).

Table 1 - Metric values of interactions between Lonomia caterpillars and plant families.

Metrica Valor
Cluster coefficient 0.118
Cluster coefficient HL 0.252
Cluster coefficient LL 0.338
Connectance 0.178
Linkage density 8.737
Links per species 2.107
Nestedness 14.003
Number of compartments 1
Specialisation asymmetry -0.131
Web asymmetry 0.393

Continuing with the topology of the bipartite meta-network between Lonomia
species and their host plant species, a modular structure was observed. Seventeen
modules representing the genus Lonomia created 193 connections with 145 modules
representing host plant species throughout the Neotropical region (Figure 9).

Figure 9. Meta-network of interactions between Lonomia caterpillars and their host plant

species.
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On the left, Lonomia species are grouped into modules (subgroups) along with the number of
trophic interactions they have with plant species. On the right, plant species are grouped into
modules, each showing the number of interactions with different Lonomia species.

The largest interaction group comprised Lonomia spp. and 53 host plant species
(Degree) grouped into 24 families and 44 genera (Table 2, Figure 9). Lonomia spp. are
genus-level descriptions, representing a group of lonémias species not taxonomically
identified to the specific level. They encompassed the highest number of reported
interactions with host plants as a group. The Lonomia species with the highest number
of host plant partners were Lonomia obliqua with 41 associated plant species, followed
by Lonomia concordia and Lonomia electra, each with 20 associated plant species
(Appendix 3, Figure 9). These species form the central groups of the meta-network,

interacting with the largest groups of plant species.

The plant species with the highest number of interactions were Hampea
appendiculata of the Malvaceae family and Hevea brasiliensis of the Euphorbiaceae
family, each with four herbivorous partners. Hampea appendiculata is preyed upon by
L. columbiana, L. concordia, L. electra, and L. rufescens, while Hevea brasiliensis is
preyed upon by L. achelous, L. descimoni, L. obliqua and Lonomia spp. (Appendix 3,

Figure 9).

The plant families contributing the most species to Lonomia feeding were
Euphorbiaceae with 13 species, Rosaceae with 12 species, and Anacardiaceae and

Fabaceae each with 10 host plant species (Appendix 4).

The species Lonomia obliqua, Lonomia concordia and Lonomia electra
exhibited the highest "Degree" and "Normalised degree" values for plant species
partners, with values of (41 - 0.28), (20 - 0.13), and (20 - 0.13), respectively. Lonomia
obliqua showed the highest "Species strength" (33.6) among its partners within the

meta-network.

The species Lonomia casanarensis, Lonomia descimoni, Lonomia falcata and
the subspecies Lonomia falcata submaculata had the highest "Species specificity"
(0.70), being the species with the fewest feeding partners (1). Unlike Lonomia
descimoni, the other species were located more peripherally within the meta-network.
The "Betweenness" index, which describes species centrality in the network through
their position in the shortest paths between other nodes, corresponded to Lonomia

achelous, Lonomia electra and Lonomia obliqua, indicating a higher probability of



resource sharing with other species. Lonomia electra exhibited the highest
"Closeness" centrality value (0.096) within the meta-network, while Lonomia
orientacordillera showed the most random partner selection behavior based on the "d™

value. These results are reflected in Table 2.

Table 2. Metric values calculated for species in the meta-network.

Species
Espécies Degree | Normalised | Species | specificity | Betweenness| Closeness|  d'
degree strength index
Lonomia spp. 53 0.368 45417 0.109 0.033 0.076 0.612
Lonomia achelous 13 0.090 7.417 0.265 0.252 0.089 0.343
Lonomia casanarensis| 2 0.014 0.833 0.704 0 0.061 0.354
Lonomia circumstans | 1 0.007 0.333 1 0 0.062 0.207
Lonomia cluacina 1 0.007 0.333 1 0 0.062 0.207
Lonomia columbiana 8 0.055 3.917 0.344 0.051 0.073 0.321
Lonomia concordia 20 0.139 13.583 0.208 0 0.068 0.491
Lonomia cynira 9 0.062 8 0.324 0 0.059 0.867
Lonomia descimoni 2 0.014 1.25 0.704 0 0.066 0.5
Lonomia electra 20 0.139 11.917 0.208 0.467 0.096 0.356
Lonomia falcata 2 0.014 1.5 0.704 0 0.009 0.75
Lonomia falcatal 2 0.014 1.5 0.704 0 0.009 0.75
submaculata
Lonomia moniqueae 1 0.007 0.5 1 0 0.055 0.5
Lonomia obliqua 41 0.285 33.583 0.132 0.145 0.084 0.626
Lonomia 3 0.021 3 0.573 0 0 1
orientocordillera

Lonomia rufescens 4 0.028 2.083 0.495 0.051 0.073 0.360
Lonomia santarosensis| 11 0.076 8.833 0.291 0 0.053 0.741

Among the functional traits measured for host plants exploited by Lonomia
species, "Leaf dry matter content" and "Leaf thickness" showed significant differences

among Lonomia species (Appendix 5, Figure 10).



Figure 10. Functional traits of host plant species for Lonomia species.
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Box plot evaluating: Leaf dry matter content, Fresh leaf mass, Leaf area, and Leaf thickness of plant
species used as a food resource by each Lonomia species. Horizontal bars within the boxes
indicate the mean. N.S: No significant relationship between functional traits and Lonomia species.

Regarding the functional dispersion measured for the caterpillars-plant

interaction group in relation to network metrics, only "Normalised degree" and

"Betweenness," associated with species central position within the network and their

tendency to share resources, were not significant (Table 3, Appendix 6).




Table 3. Model parameters and p values estimated for the effect of functional dispersion (FDis) on different
ecological network metrics.

Degree Normalised degree
Predictor Estimate Std. Error p-value  Predictor Estimate Std. Error p-value
Intercept 1.790 0.581 0.015* Intercept 1.249 0.587 0.067
FDis 4.237 3.623 0.276  FDis 5.462 3.664 0.174
DF:8 DF:8
Adjusted R?: 0.039 Adjusted R?: 0.119
Species strength Species specificity
Predictor Estimate Std. Error p-value  Predictor Estimate Std. Error p-value
Intercept -3.178 0.581 0.001 *** Intercept -0.910 0.320 0.022 *
FDis 4.237 3.623 0.276  FDis -2.520 1.996 0.240
DF:8 DF:8
Adjusted R2: 0.039 Adjusted R?: 0.062
Betweenness Closeness
Predictor Estimate Std. Error p-value  Predictor Estimate Std. Error p-value
Intercept 0.120 0.070 0.116 Intercept 0.0004 0.0001 0.021 *
FDis -0.250 0.420 0.566  FDis -0.0003 0.0009 0.724
DF:8 DF:8
Adjusted R?: -0.077 Adjusted R?: -0.106
d
Predictor Estimate Std. Error p-value
Intercept -0.880 0.180 0.001 **
FDis 1.715 1.130 0.170

DF:8
Adjusted R?% 0.126

4 DISCUSSION
4.1 SYSTEMATIC REVIEW

In this study, the information generated from the literature review met the
objectives by compiling a database that includes the taxonomic identities of the plants
involved in the trophic interactions with species of the genus Lonomia. This allowed for
the projection of the meta-network structure of these interactions across the

Neotropical region.

The greatest contribution of bibliographic records came from Google Scholar,
unlike PubMed, ScienceDirect, and Scopus (Figure 2). This result is associated with
Google Scholar's extensive bibliographic collection, its flexible publication policies, and
accessibility to content in various formats (Martin-Martin et al., 2018). It includes a
greater number of journals from different countries and languages (Lopez-Coézar &
Repiso, 2013; Martin-Martin et al., 2018), enabling Google Scholar to offer a unique

citation base and an algorithm that provides a high probability of finding scientific



articles present on other research platforms, as observed in this dissertation.

The elimination of duplicate citations through methodological exclusion and the
application of eligibility criteria for bibliographic records favored the retention of records
found via Google Scholar (Figure 2), as it provided citations with helpful information in
formats such as theses, dissertations, databases, scientific notes, book chapters, and

abstracts exclusively available on Google Scholar (Martin-Martin et al., 2018).

Among the bibliographic evidence found, only four records provided common
names of plants as food partners for the genus Lonomia. These were empirical
investigations with research objectives focusing on 1) characterization of accidents, 2)
diagnosis of poisoning, 3) treatment and seroneutralization of caterpillar venom (Abella
et al., 1999; Roodt et al., 2000; Stanley et al., 2020; Samper, 2013). These
bibliographic records regularly used methodologies involving secondary information
sources (interviews with residents in study areas and databases from health
departments) about clinical cases involving the genus Lonomia, which may have

influenced the recording of plants by common names.

The bibliographic evidence compiled dates from 1994 to 2023, showing a trend
of increasing records towards the most recent year. This growing interest is due to the
historical significance of Lonomia caterpillars as a public health problem since the
1960s (Roodt et al., 2000). Over the past two decades, there has been an increase in
the number of described species, official cases of accidents, and species officially
recognized as potentially venomous (Favalesso et al., 2019; Toro-Vargas et al., 2023).
Additionally, there have been reports of accidents in new distribution areas of Lonomia
(Favalesso et al., 2019). These findings are linked to landscape fragmentation and
habitat loss due to anthropogenic conflicts associated with land-use changes (Casafus
et al., 2021; Toro-Vargas et al., 2023).

Overall, the number of bibliographic records on Lonomia interactions still needs
to be increased, mainly in the form of articles. This scarcity is likely associated with this
research’s short data collection period, the lack of information for some species (Toro-
Vargas et al., 2023), and the uneven effort in studying species considered venomous
within the genus (Santos et al., 2015). Among all the records found, Brazil has the most
studies on insect-plant interaction data for Lonomia (Figure 5). This interest is due to
the rise in accident cases since the late 1980s, primarily associated with the species

Lonomia obliqua, explaining the number of studies on this species' biology. Brazil is



also the leading producer and, so far, the only distributor of an antivenom against

Lonomia venom since 1996 (Favalesso et al., 2019).

In the geographic areas where caterpillar-plant interactions were recorded, it
was evident that Lonomia species select native food partners (Figure 7) (JBRJ, 2024;
WFO, 2024). These results are reaffirmed by evidence from Casafus et al. (2021),
indicating that native hosts are more common for Lonomia species than exotic hosts
and that the exotic species found originate from cultivated trees. In our results, a low
percentage of these interactions were established with exotic plants, and a high
percentage of this group corresponds to plants of agricultural or ornamental interest,
explained by the importance of these species to human populations (Casafus et al.,
2021). These relationships are supported by the loss of primary forests within the
natural habitat of Lonomia species and the establishment of monocultures (Favalesso
et al., 2019), which include mainly exotic plant species as found in this study.
Deforestation, favorable climatic conditions, and reduced predators in a given area
allow Lonomia species to distribute and adapt to new geographic areas (Abella et al.,
1999; Lorini, 2005), which includes the exploration and inclusion of new food resources
in their diet (Casafus et al., 2019).

The introduction of recorded exotic species affects native communities,
modifying food web structures, trophic network topology, and local biodiversity. The
integration of exotic species into a food web can lead to the extinction of native
species, alter trophic interactions, and change the ecological dynamics of ecosystems
(David et al., 2017). This hypothesis needs further exploration for Lonomia insect-
plant interactions to understand the real effects of these species.

Among the exotic species adapted to the food web of Lonomia species
reported in this study are: Mangifera indica (Mangueira), Diospyros kaki (Caquizeiro),
Ficus carica (Figueira), Ficus elastica (Figueira-elastica), Morus nigra (Amoreira-
negra), Eucalyptus spp. (Eucalipto), Malus pumila (Macieira), Mespilus germénica
(Nespereira-europeia), Prunus domestica (Ameixeira), Prunus pérsica (Pessegueiro),
Rubus ulmifolius (Amora-silvestre), Coffea arabica (Cafeeiro), Citrus limon (Limoeiro),
Citrus sinensis (Laranjeira), Nephelium lappaceum (Rambota), among others
(Appendix 4). These species are references for land-use conflicts due to
anthropogenic actions (Favalesso et al., 2019), making some of the species above

common in the trophic interactions of Lonomia species during the 20th century



(Santos et al., 2015a; Favalesso et al., 2019).

The Lonomia species in this study are recognized in the latest taxonomic
revision proposed by Gonzalez and colleagues (2023). Although these researchers
consider the possibility of new individuals being identified as new Lonomia species,
this review does not include the species Lonomia cynira (Cramer, 1777), Lonomia
circumstans (Walker, 1855), Lonomia falcata (Walker, 1855), and the subspecies
Lonomia falcata submaculata (Walker, 1855). The similarity of Lonomia caterpillars to
other Lepidoptera has generated a great demand for clarification on the morphology
and biology of these species (Lorini, 2005).

The genus Lonomia has undergone several alterations, with different
systematic studies described. The species Lonomia cynira, described by Cramer in
1777, led to numerous errors in the literature, cataloged by Draud (1933), Bouvier
(1942) and Schroder (1955) as synonyms of Lonomia electra, Lonomia falcata and
Lonomia concordia. However, the collected individuals that described L. cynira by
Cramer were not found in collections and were considered "lost" specimens. This
taxon was reclassified as a holotype of the genus Periga (Lemaire, 1972; D'Abrera,
1995).

The genus Periga, initially recognized as a subgenus of Lonomia, due to new
descriptions related to its morphology and genetics, was reclassified as an
independent genus from Lonomia in 1995 by D'Abrera. Consequently, the species
Periga circumstans, Periga falcata, and Periga falcata submaculata were reclassified.
The records of these species reclassified as Periga were valid for this study,
recognized as Lonomia due to possible taxonomic classification errors and the lack
of literature hindering knowledge advancement on these species, as Lorini (2005)

indicated.

Research efforts on the trophic interactions of the genus Lonomia are largely
directed toward species with significant medical importance for humans, particularly
Lonomia obliqua, Lonomia Concordia, and Lonomia electra (Carvajal, 2018; Gonzalez
et al., 2023; Mejia et al., 2020). Our results demonstrate that these species had the
most reported interactions, differing from the interactions of the Lonomia spp. module
(Figure 9). Our findings corroborate a bias toward information on medically relevant

species.

Studies on species considered venomous focus primarily on understanding the



biochemical and physiological aspects used in caterpillar defense, as these species
have historically caused the most accidents, known as "Lonomism" (Santos et al.,
2015), constituting a public health problem in South American countries (Carvajal,
2018; Casafus et al., 2021; Ballesteros-Mejia et al., 2020; Toro-Vargas et al., 2023).
Lonomism refers to specific accident cases caused by Lonomia caterpillars resulting
from contact with the urticating structures covering the caterpillar's body. These
structures contain a mixture of toxic compounds that affect various components of the

human hemostatic system (Carvajal, 2018; Casafus et al., 2019; 2021).

Expanding information on other species within the genus is crucial to
understanding aspects related to the biology, ecology, and evolution of these species
(Toro-Vargas et al., 2023). This is the first study to compile information on Lonomia
interactions at the genus level. Researchers like Ballesteros-Mejia and colleagues
(2020) have compiled trophic interactions for the genus Lonomia, focusing on the

Saturniidae family taxonomic category.

4.2 META-NETWORK ANALYSIS

The results based on our meta-network of interactions reinforce the theory that
Lonomia species are broadly considered generalist herbivores (Figure 9), a
characteristic common to caterpillars in the family Saturniidae, and are specialized in
the consumption of tree leaves (Santos et al., 2015; Carvajal, 2018; Ballesteros-Mejia
et al., 2020). Saturniid caterpillars specialize in consuming slow-growing plants with
high levels of large polymeric molecules (high tannin and resin content) (Ballesteros-
Mejia et al., 2020). However, contrasting findings by Carvajal (2018) and Casafus et
al. (2021) indicate that Lonomia caterpillars can consume leaves from fast-growing and
pioneer tree species like Schefflera and Pyrus communis (Figure 9). Gonzalez et al.
(2023) and Santos et al. (2015) support the theory that lonomia's diet is based on
leaves from tree-growing plants. They add that being caterpillars with gregarious
behavior and cryptic coloration, they use the color of their host trunks for camouflage,
remaining inactive during the day and feeding at night (Gonzalez et al., 2023). These
theories corroborate the findings of this study, indicating that Lonomia species prefer
feeding on trees (Figure 9). However, our results included both slow-growing and fast-

growing tree species in the diet of Lonomia species (JBRJ, 2024; WFO, 2024).

The families of host plants reported in this work have been recognized in the



diets of Lepidoptera families (Biezanko, Ruffinelli, & Link, 1974; Ricardo-Molina et al.,
2019). Similarly, Specht, Corseuil, and Formentini (2005a) made this connection with
the subfamily Hemileucinae (Saturniidae), including the most used families in this
study, such as Anacardiaceae, Euphorbiaceae, Fabaceae, Malvaceae and Rosaceae
(Specht, Corseuil, & Formentini, 2005b).

Researchers like Ballesteros-Mejia et al. (2020) indicate that in the Neotropics,
feeding preferences are associated with plant families having tough leaves as well as
younger leaves. The presence of large polymeric molecules consequently interferes
with caterpillar digestion, reducing nutrient absorption per bite and increasing larval

development time, leading to a longer lifespan compared to their adult state.

Lonomia species' adaptation in tropical zones shows two generations per year
(Casafus et al., 2021; Toro-Vargas et al., 2023). Reports of Lonomia spp.
occurrences/accidents are recorded during months with higher temperatures and
precipitation (Casafus et al., 2021), which are crucial for the availability of food
resources. Some studies suggest that latex-producing plants suffer less from herbivory
than other plant species, as latex can function as a defense mechanism against
herbivorous insects. It was found that Lonomia caterpillars can feed on latex-producing
trees such as Hevea brasiliensis (Casafus et al., 2021; Santos et al., 2015) and
Sebastiania brasiliensis (species with the highest number of herbivore partners).
Latex-producing plants suffer less herbivory than other plant species because latex
can act as a defense mechanism against herbivorous insects (Casafus et al., 2021).
However, Lonomia species can overcome these plants' defensive barriers. A specific
case is L. obliqua, which contains protease inhibitors like cysteine and serine
proteases, proteins with inhibitory effects on the toxic components of latex (Casafus et
al., 2021).

Among Lonomia species, L. obliqua, L. concordia and L. electra had the highest
number of food partners. These species integrated most plant species with different
functional traits, and their central position within the meta-network allowed them to
connect with other network modules. These species are fundamental for maintaining
the dynamics and stability of the meta-network in the Neotropical region, as well as for
preserving the functional diversity of species within ecological networks and

ecosystems (Machado-De-Souza, 2018).

L. obliqua, along with other Lonomia species, can colonize modified ecosystems



due to urbanization activities and climate change. These events have promoted the
colonization of a wide range of food resources, including exotic plants (Carvajal, 2018;
Casafus et al., 2021). Researchers like Casafus et al. (2021) reported that the most
common host trees for the caterpillar of L. aquelous and L. obliqua are Schefflera
morototoni and Platanus acerifolia, respectively (Carvajal, 2018), species also reported

in this work (Appendix 3).

The constructed meta-network is unweighted and bipartite, indicating the
relationships between species from two different trophic levels: primary consumers
(such as Lonomia species) and producers (food plants) (Blithgen et al., 2008; Dattilo
& Rico-Gray, 2018). This meta-network indicated a modular structure (Figures 8 and
9). Antagonistic relationships tend to follow a coevolutionary arms race strategy,
producing module formation within the network (Corso et al., 2017), which may explain
the topology of the metanetworks in this study. These networks often represent a
strong imbalance in their species composition, where the number of plants usually
exceeds the number of animals (Corso et al., 2017). The notable difference in the
taxonomic heterogeneity of food resources can be explained by the diversity of species

in their evolutionary history (Rohr & Bascompte, 2014).

Lonomia caterpillars interacted preferentially with well-defined groups of
species, where the number of interactions was maximized within the module and
minimized outside of it. The meta-network was led by the interaction of 17 modules
representing Lonomia species. Consequently, species with a low number of links are
considered specialists, while species with a high number of links are considered
generalists (Dattilo & Rico-Gray, 2018). However, due to data scarcity and low
sampling effort, it is not possible to definitively state that some species like L.
casanerensis, L. orientacordillera, and L. rufecens are generalist herbivores (Santos
et al., 2015; Carvajal, 2018; Ballesteros-Mejia et al., 2020). Network structure metrics
can be affected by variations in sampling effort for each Lonomia species (Blithgen et
al., 2008).

The functional traits evaluated, associated with leaf palatability among plant
groups and for each Lonomia species, do not show a common trait pattern correlated
with functional diversity, except for leaf thickness and leaf dry matter content, which
were the most associated traits for all plants in the study. Our results suggest that the

moths, as the adult state of Lonomia, may select traits associated with “leaf thickness”



and “leaf dry matter content”, which are the traits with significant differences among

the evaluated ones.

In most cases where the compiled traits were not significant, the hypothesis is
rejected. This result could be influenced by the limited information on collected
functional traits and the number of plant species used for each Lonomia species. It is
recommended to integrate more traits to reassess this hypothesis. This could also
influence the relationship between network metrics and functional dispersion. Although
this relationship was not significant, it is advisable to reassess the hypothesis with a

greater number of functional traits and plant species.

The food plants in this study show considerable variation in growth forms,
ranging from herbaceous to woody, distributed across different ecosystems in the
Neotropical region, involving differences in topography, water resources, and climate
within their ecological niches. This allows for developing growth, survival, and
reproductive strategies based on the accessibility and abundance of resources for

species, making them highly diverse (Diaz et al., 2016).

5 FINAL CONSIDERATIONS

The results generated by this project provide a condensed knowledge base on
the biology and ecology of Lonomia species in their immature stages, derived from
their trophic interactions with host plants. This study organizes knowledge about these
moths, for which information is particularly scarce in highly biodiverse areas such as
the Neotropical region. Thus, this study represents the first comprehensive review of
the trophic relationships of the genus Lonomia, reinforcing the idea that these species
are considered generalist herbivores that consume a variety of native tree species in

the Neotropical region.

The information on the diversity of food partners reported in this study can be
used to formulate diets for managing Lonomia species in laboratory conditions and to
initiate conservation programs based on the antagonistic ecological interactions
between Lonomia and their host plants. This is important for understanding
macroecological processes associated with the evolutionary history, diversification,
and distribution of plant communities and their herbivores in tropical ecosystems.

Although Lonomia species in their immature stages are biomass controllers, their adult



stages are important pollinators, which may offset the damage caused at the species
level. Therefore, it is recommended that multilayer ecological interaction studies on
herbivory and pollination be conducted to evaluate if the species involved have

corresponding ecological functions.

The presence of exotic species documented in the meta-network highlights how
human activities affect food dynamics, network structure, and community assembly in
Lonomia ecosystems. Introduced species have created new trophic links with resident
species, potentially affecting their demography and abundance in the future. Studies
evaluating the impact of introduced species on the Lonomia food web are
recommended, as the interaction between exotic and native species adds new nodes
and links to the food web and can alter its structure and functioning, displacing or
extinguishing native species. Additionally, they can affect the response of interactions

to future disturbances and the quality of ecosystem processes.

Our results show the contrasting information limitations for some Lonomia
species, which influence the network structure assembly among interaction types and
interacting species sets, as well as considering the entirety of generalist species within
the genus. These results reflect the historical significance of Lonomia caterpillars as
agents causing public health incidents, which has driven the interest in studying their

biology and ecology.

Our results indicated a limitation in the number of available data on functional
traits for the plant species predated by Lonomia caterpillars, which may have
influenced the lack of a significant relationship between network metrics and functional
dispersion. It is recommended to obtain and analyze as many functional traits as
possible associated with the interacting species to determine which plant traits

influence Lonomia trophic interaction choices.



REFERENCES

ABELLA, H. TORRES, J. MARQUES, M. DUARTE, A & BARROS, E. Manual de
diagnostico e tratamento de acidentes por Lonomia. Manuais Técnicos-lI CIT (Centro
de Informagdo Toxicolégica do Rio Grade do Sul). p. 1-20, 1999.
https://www.saude.go.gov.br/files/vigilancia/toxicologica/MANUAL-DIAGNOSTICO-E-
TRATAMENTO-POR-LONOMIA.pdf

AGUADO, D. GUTIERREZ-CHACON, C & MUNOZ, M.C. Estructura funcional y
patrones de especializacion en las relaciones planta-polinizador de un agroecosistema
en el Valle del cauca, Colombia. Acta bibliolégica colombiana. v. 24, n. 2, p. 331-
342, 2019. DOI: http://dx.doi.org/10.15446/abc.v24n2.73177

AIZEN, M.A. GLEISER, G. SABATINO, M. GILARRANZ, L.J. BASCOMPTE, J AND
VERDU, M. The phylogenetic structure of plant—pollinator networks increases with
habitat size and isolation. Ecology Letters. v. 19, p. 29-36, 2016. Doi:
10.1111/ele. 12539

ANDREAZZI, C. Coevolugdo em redes de interacdo antagonistas: estrutura e
dinamica. Tese apresentada para obtengao de titulo de doutor em Ciéncias na area
de Ecologia. Programa de Pds-Graduagdo em Ecologia. Instituto de Biociéncias.
Universidade de Sao Paulo. p. 1-24, 2016.

ALBERTI, A., MENDES, E., BOLLIS, E., KONFLANZ, A. L., BORDIN, S. M. S &
LUTINSKI, J. A. Acidentes e plantas hospedeiras associadas a lagartas urticantes.
Ciéncia Plural. v. 8, n. 2, p. 1-17, 2022.

ALBERTONI, F. MIELKE, C and DUARTE, M. Saturniid moths (Lepidoptera:
Bombycoidea) from an atlantic rain forest fragment in southeastern brazil. Anais da
Academia Brasileira de Ciencias. v. 90, n. 3, p. 2827-2844, 2018.

ANTMAN, E.M. LAU, J. KUPELNICK, B. MOSTELLER, F. CHALMERS, T.C. A
comparison of results of metaanalyses of randomized control trials and

recommendations of clinical experts: Treatments for myocardial infarction. JAMA. v.
268, p. 240-248, 1992.

BALLESTEROS-MEJIA, L. B., ARNAL, P., HALLWACHS, W., HAXAIRE, J., JANZEN,
D., KIITCHING, I. J & ROUGERIE, R. A global food plant dataset for wild silkmoths
and hawkmoths and its use in documenting polyphagy of their caterpillars
(Lepidoptera: Bombycoidea: Saturniidae, Sphingidae). Biodiversity Data Journal. v.
8, e60027. p. 1-12, 2020. https://doi.org/10.3897/BDJ.8.e60027

BELTRAN, O. Revisiones sistematicas de la literatura. Revista Colombiana de
Gastroenterologia. Asociacion Colombiana de Gastroenterologia. Colombia. v. 20, n.
1. p. 60-69, 2005.

BERNARDI, O., GARCIA, M. S., ELY, E. J., ZAZYCKI, L. C. F., BERNARDI, D &
FINKENAUER, E. Levantamento populacional e analise faunistica de Lepidoptera em
Eucalyptus spp. no municipio de Pinheiro Machado, Rs. Ciéncia Florestal, Santa
Maria, v. 21, n. 4, p. 735-744, 2011.



BIEZANKO, C. M. RUFFINELLI, A AND LINK, D. Plantas y otras substancias
alimenticias de las orugas de los lepidopteros uruguayos. Rev. Centro Ciéncias
Rurais. v.4, n.2, p. 107-148, 1974.

BLUTHGEN, N. FRUND, J. VAZQUEZ, D.P & MENZEL, F. What do interaction
network metrics tell us about specialization and biological traits?. Ecology. v. 89, n.
12, p. 3387-3399, 2008.

BLUTHGEN, N. MENZEL, F & BLUTHGEN, N. Measuring specialization in species
interaction networks. Methodology article: BMC Ecology. v. 6, n. 9, p. 1-12, 2006.
http://www.biomedcentral.com/1472-6785/6/9

CARDOSO, A & JUNIOR, V. Acidentes por Lepidopteros (larvas e adultos de
mariposas): estudo dos aspectos epidemioldgicos, clinicos e terapéuticos. Anais
Brasileiros de Dermatologia. v. 80, n. 6, p. 571-578, 2005.
https://doi.org/10.1590/S0365-05962005000700002

CARVAJAL, L. M. Modelacién de la probabilidad de ocurrencia de accidentes
atribuidos a orugas del género Lonomia y descripcion su habitat en el departamento
de Casanare, Colombia. Monografia para optar por el titulo de Ecdloga. Pontificia
Universidad Javeriana. p. 23, 2018.

CASAFUS, G. M., FAVALESSO, M. M., GRITTI, M. A., CORONEL, J. M,
GUIMARAES, A. T. B & PEICHOTO, M. E. A hidden deadly venomous insect: Firsteco-
epidemiological assessment and risk mapping of lonomism in Argentina. PLos
Neglected Tropical Diseases. v. 15, n. 7, e0009542. p. 1-21, 2021.
https://doi.org/10.1371/journal.pntd.0009542

CASAFUS, M. FAVALESSO, M. GUIMARAES, A & PEICHOTO, M. Potential
distribution and ecological conditions of Lonomia obliqua Walker 1855 (Saturniidae:
Hemileucinae) in Brazil. BSEA Boletin de la sociedad entomolégica Argentina. v.
30, n. 1, p. 07-24, 2019. https://ri.conicet.gov.ar/handle/11336/107348

CHUDZINSKI-TAVASSI, A AND ALVAREZ-FLORES, M. Chapter 6: South American
Lonomia obliqua caterpillars: morphological aspects and venom biochemistry.
Lepidoptera. Nova York: Nova Science Publishers. p. 170-179, 2013.
https://www.researchgate.net/publication/236733484 Chapter South_American_Lon
omia_obliqua_caterpillars_morphological _aspects_and_venom_biochemistry

CORSO, G. CRUZ, C.P.T AND DE ALMEIDA, A.M. Animal and Plant Species in
Antagonistic and Mutualistic Networks, a Multispecies Mean Field Model. Open
Journal of Ecology. v. 7, 211-221, 2017. https://doi.org/10.4236/0je.2017.73016

D'ABRERA, B. Saturniidae mundi. Saturniid moths of the world. Part I. Automeris
Press. Keltern Germany (Goecke & Evers) p. 177, 1995.

DATTILO, W & RICO-GRAY, V (Eds.). Ecological Networks in the Tropics: An
Integrative Overview of Species Interactions from Some of the Most Species-Rich
Habitats on Earth. Springer International Publishing AG, p. 207, 2018. D. Matthias
Dehling. Chapter 3; The Structure of Ecological Networks, p. 29-42.
https://doi.org/10.1007/978-3-319-68228-0



DAVID, P. THEBAULT, E. ANNEVILLE, O. DUYCK, P.-F. CHAPUIS, E AND
LOEUILLE, N. Impacts of Invasive Species on Food Webs: A Review of Empirical
Data. Advances in Ecological Research. v. 56, p. 1-60, 2017.
DOI:10.1016/bs.aecr.2016.10.001

DELMAS, E. BESSON, M. BRICE, M-H. BURKLE, L. RIVA, G. FORTIN, M-J.
GRAVEL, D. GUIMARAES, P. HEMBRY, D. NEWMAN, E. OLESEN, J. PIRES, M.
YEAKEL, J AND POISOT, T. Analysing ecological networks of species interactions.
Biological Reviews. v, 94, p. 16-36, 2019. Doi: 10.1111/brv.12433

DIAZ, S. KATTGE, J. CORNELISSEN, J.H.C. WRIGHT, |.J. LAVOREL. S. GORNE
LD. The global spectrum of plant form and function. Nature. v. 529, 2016.
Doi:10.1038/nature16489.

DIiAZ, J. Evolution of the venomous caterpillars of the genus Lonomia and analysis of
their toxicity using last generation molecular techniques. Monografia para optar al titulo
de magister en Ciencias Bioldgicas. Universidad de los Andes, Bogota- Colombia. p.
37, 2021.

DORMANN, C. GRUBER, B AND FRUEND, J. “Introducing the bipartite Package:
Analysing Ecological Networks.” R News. v. 8, n. 2, p. 8-11, 2008.

DORMANN, C. FRUEND, J. BLUETHGEN, N AND GRUBER, B. “Indices, graphs and
null models: analyzing bipartite ecological networks.” The Open Ecology Journal. v.
2, p. 7-24, 2009.

ENQUIST, B. J. CONDIT, R. PEET, R.K. SCHILDHAUER, M. THIERS, B.M.
(2016). Cyberinfrastructure for an integrated botanical information network to
investigate the ecological impacts of global climate change on plant biodiversity.
PEERJ KATTGE, J., G. BONISCH, S. DIAZ, S. LAVOREL, |. C.PRENTICE,
P.LEADLEY. TRY plant trait database — enhanced coverage and open access. Global
Change Biology. v. 26, p. 119— 188, 2020. https://doi.org/10.1111/gcb.14904

FAVALESSO, M. LORINI, L. PEICHOTOA, M E GUIMARAES, A. Potential
distribution and ecological conditions of Lonomia obliqua Walker 1855 (Saturniidae:
Hemileucinae) in Brazil. Acta Tropica. v. 192, p. 158-164, 2019.
https://doi.org/10.1016/j.actatropica.2019.01.016.

FAVALESSO, M.M. VALENTIM, M. GUIMARAES, AND PEICHOTO, M.E.
Epidemiological characterization of lonomism in South America. Acta Tropica. v. 238,
2023. Doi: 10.1016/j.actatropica.2022.106777.

FLORA E FUNGA DO BRASIL. Jardim Botanico do Rio de Janeiro - JBRJ.
Disponivel em: http://floradobrasil.jbrj.gov.br/. 2024.

GADEN, S, ROBINSON. PHILLIP, R, ACKERY. IAN, KITCHING. GEORGE, W,
BECCALONI AND LUIS, M, HERNANDEZ. HOSTS - a Database of the World's
Lepidopteran Hostplants [Data set]. Natural History Museum. 2023.
https://doi.org/10.5519/havt50xw

GARCIA, C E DANNI-OLIVEIRA, I. Ocorréncia de acidentes provocados por Lonomia
obliqua Walker, no Estado do Parana, no periodo de 1989 a 2001. Revista da



Sociedade Brasileira de Medicina Tropical. v, 40, n. 2, p. 242-246, 2007.

GONZALEZ, C., BALLESTEROS-MEJIA, L., DIAZ-DIAZ, J., TORO- VARGAS, D. M.,
AMARILLO-SUAREZ, A. R., GEY, D., LEON, C., TOVAR, E., ARIAS, M., RIVERA, N.,
BUITRAGO, L. S., PINTO-MORAES, R. H., MARTINS, I. S. S., DECAENS, T.,
GONZALEZ, M. A., KITCHING, |. J & ROUGERIE, R. Deadly and venomous Lonomia
caterpillars are more than the two usual suspects. PLos Neglected Tropical
Diseases. V. 17, n. 2, e0011063. p. 1-20, 2023.
https://doi.org/10.1371/journal.pntd.0011063

HOOPER, D. CHAPIN, F. EWEL, J. HECTOR, A. INCHAUSTI, P. LAVOREL, S.
LAWTON, J. LODGE, D. LOREAU, M. NAEEM, S. SCHMID, B. SETALA, H.
SYMSTAD, A. VANDERMEER, J AND WARDLE, D. Effects of biodiversity on
ecosystem functioning: a consensus of current knowledge. Ecological Monographs.
v.75,n. 1, p. 3-35, 2005.

KAWAHARA, A.Y. PLOTKIN, D. ESPELAND, M. MEUSEMANN, K. TOUSSAINT,
E.F.A. DONATH, A. GIMNICH, F. FRANDSEN, P.B. ZWICK, A. DOS REIS, M.
BARBER, J.R. PETERS, R.S. LIU, S. ZHOU, X. MAYER, C. PODSIADLOWSKI, L.
STORER, C. YACK, J.E. MISOF, B & BREINHOLT, J.W. Phylogenomics reveals the
evolutionary timing and pattern of butterflies and moths. PNAS-Proceedings of the
National Academy of Sciences USA. v. 116, n. 45, p. 22657- 22663, 2019.
Doi.org/10.1073/pnas.1907847116

LALIBERTE, E., & LEGENDRE, P. A distance-based framework for measuring
functional diversity from multiple traits. Ecology, v. 91, n. 1, p. 299-305, 2010.

LALIBERTE E, LEGENDRE P, SHIPLEY B. FD measuring functional diversity from
multiple traits, and other tools for functional ecology. R package version. p. 10-13,
2014.

LEIBOLD, M. HOLYOAK, M. MOUQUET, N. AMARASEKARE, P. CHASE, J.
HOOPES, M. HOLT, R. SHURIN, B. LAW, R. TILMAN, D. LOREAU, M AND
GONZALEZ. A. The metacommunity concept: a framework for multi-scale community
ecology. Ecology Letters. v, 7, p. 601-613, 2004. Doi: 10.1111/j.1461-
0248.2004.00608.x

LEMAIRE, C. Révision du genere Lonomia Walker (Lep. Attacidae) Par (1). Ann. Soc.
Ent. Fr. (N. S.). v. 8, n. 4, p. 767 — 861, 1972.

LOPEZ-COZAR, E & REPISO, R. The Impact of Scientific Journals of Communication:
Comparing Google Scholar Metrics, Web of Science and Scopus. Comunicar;
Scientific Journal of Educommunication. v. XXl n. 41, p. 45-52, 2013. ISSN: 1134-
3478. DOI: http://dx.doi.org/10.3916/C41-2013-04

LOREAU, M. Does functional redundancy exist?. Oikos. v. 104, n. 3, p. 606- 611,
2004.

LOREAU, M. NAEEM, S. INCHAUSTI, P. BENGTSSON, J. GRIME, J. HECTOR, A.
HOOPER, D. HUSTON, M. RAFFAELLI, D. SCHMID, B. TILMAN D AND WARDLE,
D. Biodiversity and Ecosystem Functioning: Current Knowledge and Future
Challenges. Science. v. 294, v. 5543, p. 804-808, 2001. DOl



10.1126/science.1064088

LORINI, L. M & CORSEUIL, E. Morphological Aspects of Lonomia obliqua Walker
(Lepidoptera: Saturniidae). Neotropical Entomology. v. 30, n. 3, p. 373-379, 2001.
https://doi.org/10.1590/S1519-566X2001000300006

LORINI, L, M. REBELATO, G, S & BONATTI, J. Reproductive parameters of Lonomia
obliqua Walker, 1855 (Lepidoptera: Saturniidae) in laboratory. Brazilian Archives of
Biology and Technology. v. 47, n. 4, p. 575-577, 2004.

LORINI, L, M. ZARBIN, P, H, G & TEDESCO, C. D. Biology of laboratory- reared
Lonomia obliqua (Lepidoptera: Saturniidae). Florida Entomologist. v. 90, n. 4, p. 770-
771, 2007.

LORINI, L. Criagdo, comportamento sexual e inimigos naturais de Lonomia obliqua
Walker, 1855 (Lepidoptera: Saturniidae). DSpace: Biblioteca Digital: Teses &
Dissertacoes. p. 1-177, 2005. http://hdl.handle.net/1884/38113

MACHADO-DE-SOUZA, T. Determinantes das intera¢des e a diversidade funcional
de parceiros de espécies centrais em uma rede de dispersao de sementes por aves
da mata atléntica. Tese apresentada ao curso de Pds-Graduagdo em Ecologia e
Conservagao, como requisito parcial a obtengado do titulo de Doutor em Ecologia e
Conservacgao. Universidade Federal do Parana. p. 115, 2018.

MALKOWSKI, S. R. SCHWARTZ-FILHO, D. L. & ZAMONER, M. Monitoramento de
mariposas dos géneros Lonomia y Periga. Comfauna-Conservacion y manejo de
fauna silvestre LTDA, Curitiba. p. 66 — 67, 2018.

MALUCELLI, T.S. 2018. Interacao entre plantas e beija-flores em diferentes escalas
espaciais. Tese apresentada como requisito parcial a obtencao do titulo de Doutor em
Ecologia e Conservagdo, em Ecologia e Conservagao, Universidade Federal do
Parana, Brasil. p. 154, 2018.

MARQUEZ, C. Caracterizacion de las interacciones planta- herbivoro en un bosque
esclerofilo de Chile central: el caso de los lepiddpteros constructores de refugios
foliares en el PNRC. Monografia como requisito para optar al Titulo de Bidloga
Ambiental Universidad De Chile. p. 1-106, 2021.

MARTIN-MARTIN, A. ORDUNA-MALEA, E. THELWALL, M. & LOPEZ -COZAR,
E. Google Scholar, Web of Science, and Scopus: a systematic comparison of citations
in 252 subject categories. Journal of Informetrics. v 12, n. 4, p.1160- 1177, 2018.
https://doi.org/10.1016/j.j0i.2018.09.002

MARTINS, L. MEDINA, A. LEWINSOHN, T AND ALMEIDA-NETO, M. The effect of
species composition dissimilarity on plant—herbivore network structure is not consistent
over time. Biotropica. v. 52, p. 664—674, 2020. DOI: 10.1111/btp.12791

MELLO, M. MUYLAERT, R. PINHEIRO, R and FERREIRA, G. Guia para analise de
redes ecoldgicas. Edicao dos autores, 12 EDICAO. Belo Horizonte. p. 112, 2016.
ISBN-13: 978-85-921757-0-2.

MEDEL, R. AIZEN, M.A & ZAMORA, R. 2009. Ecologia y evolucién de interacciones



planta-animal. Primera edicion. Editorial Universitaria, S.A. Santiago de Chile. p. 399,
2009. ISBN: 978-956-11-2092-1

MILANEZ, J E CHIARADIA, L. Sistema de criacédo e estudo da biologia da lagarta

hemorragica Lonomia obliqua (Lepidoptera: Saturniidae). Agropecuaria Catarinense.
V. 17, n. 3, p. 72-74, 2004.

https://publicacoes.epagri.sc.gov.br/rac/article/view/1016

MORAES, R. H. P. Identificacdo dos inimigos naturais de Lonomia obliqua Walker,
1855 (Lepidoptera, Saturniidae) e possiveis fatores determinantes do aumento da sua
populacao. Dissertagdo (Mestrado em Ciéncias, area de concentragao: Entomologia)
— Escola Superior de Agricultura “Luiz de Queiroz”, Piracicaba. p. 67, 2002.

MOSCOSO, D. Destudio de la composicién proteica del veneno de orugas de la
especie Lonomia descimoni. Disertacion presentada para optar por el titulo de Master
en quimica. Universidad de los Andes. p. 159, 2020.

NEFF, F. BRANDLE, M. AMBARLI, D. AMMER, C. BAUHUS, J. BOCH, S. HOLZEL,
N. KLAUS, V.H. KLEINEBECKER, T. PRATI, D. SCHALL, P. SCHAFER, D.
SCHULZE, E.-D. SELBOLD, S. SIMONS, N.K. WEISSER, W.W. PELLISSIER, L &
GOSSNER, M.M. Changes in plant-herbivore network structure and robustness along
land-use intensity gradients in grasslands and forests. Science Advances. v. 7, n. 20,
p. 1-13, 2021. DOI: 10.1126/sciadv.abf3985

OLIVEIRA, R. Interagbes entre aves nectarivoras e cerejeiras (Prunus subg. Cerasus
L.) em ambiente urbano. Monografia apresentada como requisito parcial a obtengéo
do titulo de bacharel em Ciéncias Bioldgicas, Universidade Federal do Parana. p. 36,
2018.

OXMAN, A.D. GUYATT, G.H. The science of reviewing research. Annals of the New
York Academy of Sciences. v. 703, p. 25-133, 1993.

PAGE MJ, MCKENZIE JE, BOSSUYT PM, BOUTRON I, HOFFMANN TC,
MULROW CD, et al., The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. v. 372, n. 71, 2021. doi: 10.1136/bmj.n71.

PILOSO, S. PORTER, M. PASCUAL, M AND KEFI, S. The multilayer nature of
ecological networks. Nature Ecology & Evolution. v. 1, n. 0101, p. 1-9. 2017. DOI:
10.1038/s41559-017-0101

QGIS D team. QGIS Geographic Information System. Open Source Geospatial
Foundation Project. 2022.

R DEVELOPMENT CORE TEAM. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna. 2022.

REBELATO, G AND LORINI, L. Duracao das fases do ciclo de vida da taturana
hemorragica Lonomia obliqua Walker, 1855 (lepidoptera: saturniidae), em laboratério.
Livro de resumos. Porto Alegre: UFRGS, 1998. http://hdl.handle.net/10183/100419

RICARDO-MOLINA J, MURILLO-RAMOS, L Y ALVAREZ-PEREZ, P. Larvas y plantas
nutricias de Lepidoptera en fragmentos de bosque seco tropical del departamento de



Sucre, Colombia (Insecta: Lepidoptera). SHILAP Revista de lepidopterologia. v. 47,
n. 18, p. 5-24, 2019.

ROHR, R AND BASCOMPTE, J. Components of Phylogenetic Signal in Antagonistic
and Mutualistic Networks. The American Naturalist. v. 184, n. 5, p. 556-564, 2014.
http://dx.doi.org/10.5061/dryad.5mOm5.

ROODT, A. SALOMON, O AND ORDUNA, T. Accidentes por Lepidopteros con
especial referencia a Lonomia sp. Medicina. v. 60, n. 6, p. 964-972, 2000.
https://www.researchgate.net/publication/237745721_ACCIDENTES_POR_LEPIDO
PTEROS_CON_ESPECIAL_REFERENCIA_A _LONOMIA_SP

RUIZ, S. Analisis de redes de herbivoros en tres estados sucesionales en un bosque
mesofilo de montafa del centro de Veracruz. Tesis como requisito para optar el titulo
de Maestra en Ecologia Tropical. Universidad Veracruzana, México. p. 99, 2017.

SAMPER, L. Caracterizacién y suero-neutralizacion del veneno de orugas del género
Lonomia presentes en Casanare, Colombia. Séneca Repositorio Institucional.
Universidad de los Andes Col. p. 1-40, 2013. http://hdl.handle.net/1992/25063

SANTOS, R. S AND GONGCALVES, R. C. Infestation of Lonomia sp. (Lepidoptera:
Saturniidae) in rubber tree cultivation in the state of Acre. Agrotrépica. v. 27, n. 1, p.
83-86, 2015a.

SANTOS, R. S., GONCALVES, R. C & NOGUEIRA, S. R. Ataque de Lonomia
sp (Lepidoptera: Saturniidae) em seringueira no municipio de Bujari, AC. Documentos
135. ISSN 0104-9046. Empresa Brasileira de Pesquisa Agropecuaria - Embrapa Acre.
p. 26, 2015b.

SPECHT, A. CORSEUIL, E AND FORMENTINI, A. Lepidépteros de importancia
médica ocorrentes no Rio Grande do Sul. lll. Saturniidae, Hemileucinae. Biociéncias.
v. 13, n. 2, p. 149-162, 2005a.

SPECHT, A. AZEVEDO, J.L. DE LUNA, A. LIMA, E, A. BOLDO, J, T. MARTINS,
M, K. LORINI, L, M AND BARROS, N, M. Ocorréncia do fungo entomopatogénico
Isaria javanica (Frieder. & Bally) Samson & Hywell-Jones (Fungi, Sordariomycetes)
em lagartas de Lonomia obliqua Walker (Lepidoptera, Saturniidae, Hemileucinae).
Revista Brasileira de Entomologia. v. 53, n. 3, p. 493-494, 20009.

SPECHT, A. CORSEUIL, E AND FORMENTINI, A. C. Lepidopteros de importancia
médica ocorrentes nos Rio Grande do Sul. Il. Aididae e Limacodidae. Biociéncias. v.
13, n.1, p. 89-94, 2005a. _ Lepiddpteros de importancia médica ocorrentes nos Rio
Grande do Sul. lll. Saturniidae — Hemileucinae. Biociéncias. v.13, n.2, p. 149- 162,
2005b.

STANLEY, F. GORENSTEIN, J AND OLIVEIRA, M. Acidentes causados por lagartas
do género Lonomia, em Minas Gerais, no periodo de 2001 a 2006. Rev Med Minas
Gerais. v. 30, p. 1-8, 2020.

TONELOTTO, M. Bioprospeccao de enzimas de interesse biotecnologico em Lonomia
obliqua. Biblioteca Digital de Teses e Dissertagcdes da USP. p. 1-46, 2016.



TORO-VARGAS, D. M., GONZALEZ, C., ROUGERIE, R & AMARILLO-SUAREZ,
A. R. Characterization of morphological and biological aspects of venomous
caterpillars of the genus Lonomia Walker (Lepidoptera: Saturniidae) in Colombia.
PLos Neglected Tropical Diseases, v. 18, n. 5. e0285010, p. 1-25, 2023.
https://doi.org/10.1371/journal.pone.0285010

WFO  (2024): World Flora  Online. Published on the Internet;
http://www.worldfloraonline.org.

WOLFE, K AND BALCAZAR-LARA, M. An illustrated description of the immature
stages of Lonomia electra (Druce 1886) (Lepidoptera: Saturniidae, Hemileucinae).
Nachr. Entomol. v. 15, n. 3, p. 383-392, 1994.

ZAMBONI, C, B. GIOVANNI, D, N, S. SALVADOR, V, L, R. SATO, I, M.
MENDONCA, R, Z. WEN, F, H AND SIMONS, M, S. Multielemental analyses of
Lonomia obliqua (Lepidoptera, Saturniidae) caterpillar using EDXRF and INAA
techniques. X-Ray Spectrometry. v. 48, n. 5, p. 465-475, 2019.



aweu oIRUBINS wsiuedsg sy | Jejoyos ajboos) | ooibojoiwepideods olsibal |9 eied SauOISI\ OpUBLLOIDY | 6L0Z /e o sniesed
euijuabie ul WsiWouo|
Jo bBuiddew ysu pue juswssesse |edlbojoiwapida

aweu oiRuaINS ysibug aoy sndoog | -008 iS4 (109SUl  SnowouaA Apesp uapply WV | LZ0Z ‘/e }e snjesed
elquiojo) ‘aleuese) ap ojusweyedap |9 ua jelqey
ns uoloduosap A eiwouo7 olaugb [ap sebnio e sopinguie

SWeu JiusIoS Wsiuedg uopjeuassiq | Jejoyds 916009 | sejusplode Sp BIOUSIINJ0 Bp pepl|iqedqo.d e| ap UQIOe[SPO|\ 810z "D ‘lefenred
sooljngdelsy & soolu)[o

awleu uowwo?n ‘soolbojolwepide sojadse sop opnyse :(sesoduew G002 A

J/oweu  oiuBINg asanbnyod Iy | Jejoyos a1boos) | ep soynpe 8 seAle|) sousidopidea Jod  ssjuspIoy | ‘dolunp g Y ‘osoplie)
SY ‘opeydep
oJiayuld ap oidjolunw ou dds snjdAjeong wae eisydopida]

dWeuU JIJuaIoS ysibug 3oy sndoog | ep eonsjune; asieue o |euooeindod ojusweueAaT | | LOZ ‘e jo Ipleulag
(eepiBuiyds
‘eepluinies eaplodAquog :essydopida) suejdisieo

Jneyy Jo ABeydAjod Bunuawnoop ul 8sn s)l pue syjowymey 0z0z ‘e

aweu oiRuaINS ysibug sy | Jejoyog 9|boos) | pue syowyis pjim Joj laselep jueld pooy |eqolb v | jo ello\-soisisaleg
SajuedIn

aWeu oIuaIoS asanbnyod sy | Jejoyosg 9|boos) | seuebe| e sepeloosse seljopadsoy sejue|d 8 sajusapIoy 220z “1e jo 1aqiy
ejlouoy

aWweu uowwo) asanbnyuod | Jeydeyo yoog | Jejoyos a|6oo9 | Jod ssjuspioe ap ojuswelel; @ odnsoubelp ap |enuepy 6661 ‘e o e|jleqy

aweN abenbue] adA| ERIIEIETEN

Jue|d paoualaley U uawno0Q 92In0g oL olydelboliqig

"M8IABI O1jeWd]SAS | XIpuaddy




suweu uowwo)

sionjssod @ (eeplulnieg  ‘essydopidaT) GGg8L  USIBAA

/oWweu  JJIuUBINS asanbnyod uoneuassig | Jejoyos 916009 | enbiigo ejwouo] ap sieinjeu sobjwiul sop oedeoyuap) 200Z ¥ ‘seeiop

aWeuU uowwo) (eepuuines :eiaydopidaT) enbyqo eiwouo] eolbelioway 002

/oWeu  JJIUBINS asanbnyod |y | Jejoyos a|boos) | epebe| ep eibojoilq ep opnyse o oedeld ap BWISISIS | "BIpBIBIYD © ZBUE|IN
aweu uowwo) (eepuuinieg :eieydopide) gGgl ‘JaYe A\ enbijqo eiwiouo]

/oWeu  O|IuBINS asanbnyod 9s9] | Jejoyds 96009 | ap sleinjeu sobjwiul © [enxas ojuawepodwod ‘oedeu) G00Z 1 ‘ludo
(eepliuines :eiaydopide)

aWeu oIRuaIoS ysibug a0y sndoog | enbiigqo  eliwouo]  paleal-Alojeioge;  jo  ABojoig 1002 e jo uuo
Alojeloqe] ul (eepliuinieg :eisydopida) GGQl

aWeu oIJRuaIoS ysibug TN sndoog | “4aylep\ enbyqo ejwouo] jo sisjpweled aAponpoiday $00Z ‘e jo uuo
aWeu uowwo) sjoadsns |ensn om} ay}

/oWweu  OiIudINSg ysibug sy | Jejoyos 916009 | uey) aiow ale sie|idia}ed BiLoUOT] SNOWOUSA pue Alpeaq | £z0g /e 18 Za|ezuos

aWweu uowwo) L00Z & 6861 @p opollad ou ‘eueied op opeis ou ‘IayepA 1002 BAIBAIIO

/oWweu  oBuUBINS asanbnyod aoy sndoog | enbiqo eiwouo] Jod sopedorod S8JUBpPIOe Bp BIDURLIODQ | -luueq @  EBIdleD
1Z0Z ‘wnasny AJojsiH |einjeN

aweu oIRuUaINS ysibug aseqgeleq | Jejoyos a|6o09 | ay) e aseqgeleq Jejjidiale) pue syue|disoH ayl - S1SOH €202 “'|e }o uapen

eolswyY €c0c

aWeu diusIoS ysibug SOy 10841092UBI0S | UINOS Ul WS|WOUO| JO uofezusjoeleyd |edlbojoiwepidy | ‘e Jo  0ssajere

llzeag ul (eeulons|iway :9epliuinies) GGl JaxIe ) enbljqo 6102

aweu oIUBINS ysibug aoy 10841902USBI0S | elwouoT JO SUOIIpUOD [B2160]029 pue uonnNquisIp [enualod | /e J@  0ssajereq

€lLoc

aWweu uowwo) MBINDI Aajsiwayoolq wouaA pue syoadse [eolbojoydiow | ‘saloj4-zaleAly pue

/oWeu  JJIUBINS ysibug oyualdg | Jejoyds 9j6009 | :siejjidiajed enbijqo elwouoT UuedUBWY UNog :9 Jaydey) | ISSeAB]-IYSUIZPNyD

(eeuronajiweH

:oepluinieg) -dds elwouo] esoususAa ebnio el ep




aWeu uowwo) enbjjqo ejwouo] wa
/oWeu  JJIUBINS asanbnyod 9s9] | Jejoydos 9|6005 | 0o16ojoUIBI0Ig BSSAIBUl Bp SEWIZUS dp oeodadsoidolg 910Z "onojauo ]
900Z & L00Z @p opoliad ou ‘sielas) seulln
aWweu uowwo) asanbnyuod sy | Jejoyos ajboos | we ‘elwouo olaugb op seuebe| Jod sopesned sayuspdy | 0Z0zZ /e je Asjuels
aWweu uowwo) 9BUIONa|IWAH ‘@epliuinies ||| NS op apuel
/oweu  oPuUBINS asanbnyod dloIY | Jejoyos 916009 | ory ou S8UBLI00 eolpaw epuendodwl ap sossydopide 6002 ‘e jo yoadg
(seuionajiway ‘eepliuinies ‘esaydopida)
Jay|e\ enbijgo ejwouo] ap sepuebe| wa (sajedAwolepios
aweu uowwo) ‘IBung) seuor-|IomMAH ¥ uoswes (Alleg x ‘lepsaud)
/oWweu  O|IUBINS asanbnyod 9J0N sndoog | eouenel eues; oojugbojedowojus obuny op EIDUSLIODQ G00zZ ‘e 1o yoadg
aWweu uowwo) OV ‘uelng ap oidjoiuniy ou esienbuas | GLOZ Y ‘SeAedU0D
J/oweu  oiuBIog asanbnyod Py | Jejoyog ajb6oo9) | we (eepuuinies :eirsydopide) “ds ejiwouo] ap anbeyy | 8 I ‘sojueg
aWweu uowwo) "9I0Y JO }e)S 8y} Ul UOIBARIND 834} Jagqqn.
/oWeu  JPIUBINS asanbnyuod sy | Jejoyog 9jboos) | ul (sepluinies :essydopide)-ds ejwouo] Jo uonelsalu| GL0Z ‘e jo sojues
elquiojod
‘aleuese) ua saasald ejwouo] oseudb |op sebnio
aweu uowwo) ysiuedg Ajeibouol Jejoyos 9|boos) | op OususA |9p uoQloeZIjeJINBU-0J8NS A uQloBZIIBlORBIRD) €102 "1 ‘Jedwes
ds eiwouoy
awleu uowwon ysiueds apnly | Jejoyos 9j6009) | e eloualsjel [eloadse uod sossydopidaT Jod sajusplody 000z “Ie }@ 1pooy
0jJuand ‘olQjeIOge| W ‘(8epluinies
awleu uowwon wa opeolgnd :esoydopidal) GGg| ‘Iode A enbijqo eiwouo] edlbeliowsay 8661 1 ‘lULo
/oWeu  JPIuUBINS asanbnyuod ownsay | Jejoydg 96009 | BUBINIE) BP BPIA Sp ODI0 Op Sase} sep oedeing | pue 9  ‘Ojelegey

‘ogdejndod ens ep ojuswine op SejuBUIWIB}SP S8l0)e)




suweu uowwo)

senbiuyos) yyN| pue 44Xxa3 Buisn Jejidisieo (sepiuinjes

/oWeu  O|IuBINS ysibug SOy sndoog | ‘essydopida) enbyjqo eiwouo] Jo seshjeue |eyuswsBNN | 6102 /€ }o luoquez

(seuronajiweH ¥661

‘eepluinieg :esaydopida) (9881 @onuQ) eJ09(6 elwouo] | | ‘eleT-iezedjeq

aweu oIRUBINS ysibug sy | Jejoyos 9|boos) | Jo sebeis aunjewwl 8y} jo uonduosep pajessn|l uy | pue M ‘aJloM
eiqwo|o) ul (sepliuinies :elaydopideT)

JaMepn elwouoT snuab sy} Jo sle||idio)ed SNOWOUdA JO €202

aweu oIjuUBINS ysibug 3oy sndoog | syoadse |eoibojoiq pue |esibojoydiow jJo uonezuayeley) | “le 1@ sebiep-010]




sisusweued sLjsebeljs |

HUOSUBAB]S WNIJOI

susadwed eisjjanyy

susadwed sndieooyouo]

soplogjjow eariyl]

soplosjjew eaeiyj]

esnzedie snolH

eiABUldLIgNS SNoIH

sijioeIb snijo

SsIsuauIs SnJjD

AY1 ul wAuouAg

‘Iireg ("D "Q) wnueoixaw wnuiiedsoyol |

"WI}soy ("yary “y) wnijojlimelb wnuiiedsoyoL |

‘Ale@ ("|puels) nuosusAs)s wnijoid

azjuny ("jbuz) sisusweued sujsebeljs |

sone (yumpues) snwiueyoind snyjueolpue

ewiayolnd eingaqe |

youe|d ¥ -auda( ('|qny) /uojojoiow xeuedowApiq

‘e 1o aJinbeyy (1qny) 1UOjJOjOIOW BIBILOYIS

"youeld ('yyuag) sapiojeippng xAiyjouyoely

S9pIoIs|PPNq BljejapuUOY

ds euouuy

"ds ejujjjoy

Jsuiey'H ("|pNYOS) ereulbiews euouuy

ejeuibiews ejuljjoy

1goe\ "4 (‘Aed B zInyY) sineg] eipawjopnasd

IPUB]S SIjjoul Bpawjopnas

"7 euelulbiIA sSnunid

Y4y eurjoes snunid

'OV R BAIIS TN (yiuag xo "We) supsaduwies eisjjanyy

susadwed sndieooyouo]

‘1] esnuad snolo

einIBuIIdLIgQNS Snol-

IyeA epjjjed snai4

sopjourid snol4

‘boer susjooneib wniuossy

|buz eyoeIb WNIUOASY

202 O4M lisedg op ebBun4 a eio|4 ul paiajsibal awepN

p1092a.4 10} sweu sajoadg

‘'sa10ads jueld payuodal o) sweu olusIds pajniiIsqns "z xipuaddy




‘uoswoy |

® '} ™O00H
(‘we") ejeiopo ebueue) ‘8LOC N
ebueue) BIquoj0D | "1 “IVIVAYVO
6661
"zds euouuy ooldonjoaN | e jo y113av
‘Lds euouuy
Jauley
‘H  (IPNYOS)
ejeuibiewa "120¢
euouuy BUoUUY aeaodeUOUUY eupuably | /e @ SN4VYSVYO
‘€L0c
‘ds seipuods seipuodg elquojo) | 1 H3dINVS
"12¢0¢
‘e 3@ SN4VSVO
"7 eaipui 6102
elajibuepy elajibue eupuably | /e @ SN4VSVYD
‘boep '020c
sugjoanelb ‘e 1@ VIr3IN-S
wniuosy ool wniuoJsy v aeaoelpleoseuy A dds eiwouoy ds 7 | ooidosnosN oY3lLsaiivg
saloadg snuag saljlwe4
jue|d p jue|d p jueld p Anunop
jue|d poo4 | ajeloossy jue|d poo4 | ajeloossy poad4 | 9jeloossy soloadg 9poH | pJooday u 92UdI3)9Yy
Jo saloadg JO "'ON JO shuag JO "ON jue|d Apwey JO "ON BjlIouo] aweN | onoeidzu| oydeusbolqig

'sjue|d pooy 113y} yum Jayjyaboj (e1aydopida) aepiliuinyes ‘eiwouo] snuab ayjy jo saroads Jo uonoeiaju ¢ xipuaddy




By

NN (ssney
xe "PILAN)
sisualjiselq

BoNdH

BeoASH

"Lds

eauIoyoly

|pu3 g "ddeod
esojnpuelb

eouloyoly

eauloyoly

‘JeA esowaoel

ellouIH

B|[_dHIH

aeaoelqioydng

eunusbiy

1202
8 10 SN4VYSYO

liseig

'G00¢C
"A "HOINNCr pue
VY ‘0S0Qayvd

'¢00¢
W ‘SIVHOW

eunuabiy

‘1202
8 10 SN4VYSYO

"Lds einqaqe |

eingaqe |

<]

eaoeue|eqosAiy)

‘youe|d ©
"auoeq ('|any)
iuojojo.oLu

xeuedowApiq

xeuedowApiq

aeaoejuoubig

ooidosjoaN

'0¢0¢
‘e 1@ VIrAN-s
oy31s3T11vd

6661
e _j@ vii3gv

"Hey (‘weT)
eojjeuwiole
erdojAx

eldojAx

aeaoelely

eunuabliy

1202
/8 19 SN4VYSVYO

'610¢
e 18 SN4VSVD

‘Hes (‘qoy
") ejesjoriqIq
sisdowsag

sisdowsaq

BIqUWOj0D

‘810C 'N
1 IVPVYAYYO

ooidosjoaN

'0¢0¢
‘e 1@ VIrAN-S
0oy31s3T11vd




‘ds

wniiseyoep

'O'IN'Y B BAIIS
TN (wueg
x® "He)

sujseduwed

eiajjenyy

wnLseyoe

elo||eny

" [L1BqIN0d

porUBWAH

eaeUBWAH

"1 lijeb-ejsuo

euLyfig

eulyiAig

‘Hexing
(‘'upueg
X9 aonudg)

sapiodoiu

eliziqy

BlZIqly

‘Buaidg
sisualjiselq

eiuenseqas

eluenseqas

eeaoege

eunuabiy

"Le0c
1 38 SN4VYSVO

‘610¢
18 19 SN4VSVD

elquiojo)

‘8L0C N
1 IVIVAYYO

‘ds wnides

wnideg

‘Lds eonsy

eunuabiy

"Le0c
/e 18 SN4VSVD

‘6102
8 10 SN4VYSYO

elquiojo)

‘810C '
1 TIVPVYAYYO

liseig

‘G1L0¢
18 1® SOLNVS

‘G102 Y
‘SANTVONOD
8 ¥ ‘SOLNVS




‘ds gjaipa)n

"ds euiyonoqij

elalpe)

“ds ejuoaipy

BUIyoNoqI L

aeaoela\

‘Hen
ejesLIeAlp

eayeny

BIUODIN

‘ds

ejwsoJjsiobe]

eayan

aeadejewolse|a|

"azZUNy|
(Ippey)
SIsusjje.Jjse

eueiuLe)

ejwaoJisiebe

seaoeABI\

e j@ vii3av

AN
eueolisuie

2osiad

euelule)

aeaoeIYAT]

"Lds easiad

"Wl @ S99N
ejejoaaue|

eipuejospN

easlad

aeaoepIyifoa

BIpUB)OBN

aeadelnen

‘020

‘e 1@ VIran-s

ooldodjosN | O¥31S3Tvd
‘Leoe

eunuably | /e Jo SN4VSYO
‘0c0c

‘e @ VIFAN-S

ooldojosN | O¥31S3T1vd
‘6L0C

/e 39 SN4VYSVO

‘Leoe

eupuably | /e @ SN4VSVYO
2002

liseig | 'd  'SIVHOW
6661

ooidosjosN | /8 jo VY1139V

‘6102
18 10 SN4VYSYO




‘ds snunud

snunid

‘Ipurt (\quny)
eojuodef

eAijoqoLig

eAsnoqoug

‘ds snueje|d

snueje|d

2B90BS0Y

0o1doJjoaN

e _j@ vii3av

liseig

'¢00¢
" 'SIVHOW

‘ds eiumojned

elumojned

seaoeuele|d

eunuabliy

'000¢
e _j@ 1do0od

oo1doJjoaN

6661
‘& 1 vi1i3av

"Lds
snjdAjeong

smdAjeong

aeaoBIUMO|Ned

eunuabiy

‘1202
8 10 SN4VYSYO

"Lds snoi4

snoi4

oBaORUAN

liseig

'€20¢
8 1 N3IAvo

'¢00¢
W 'SIVHON

‘Loc e
1@ 1ddVNd39

eunuabliy

‘1c0c
e 18 SN4VYSVO

oA
SIissly ejaipag

2BooRIO|

0o1doJjoaN

6661
e _j@ vii3gav

eunusbiy

344
/e 19 SN4VSVD

‘000¢
e 1@ 1dood

6661




EEY

eiuedn)

‘MG SLjSoNAS

eliesse)

eluedn)

aeaoepuideg

‘boep
eipuedsp

eLease)

'SO|D
esojuswo]

eleueg

elesse)

‘yjusg
eje/naide

ejyolleH

eleueg

aeaoeol|es

‘Hoyods
snijojiwn

sngny

E}dlIeH

seadeny

"ds sniA4q

sngny

1 siunwiwod

snifd

" eolISOWIOP

snunid

sniAd

‘610¢
/e 19 SN4VSVO

1202
/e }o SNAVYSYO

'610¢
1€ 18 SN4VSVO

"Leoe
eupuably | 7e 3@ SN4VSVYO
6661
ooidonjosN | /e Jo y113gv
"Leoe
eupuably | je @ SN4VYSVYO
'000¢C
eunusbly | e j@ 1A00Y

6661




BljojIyIuIqals)

snujyos sSnuIyosg Jopenog]
sweliqy
X NN (222} 1owei)
(‘WnN) euuney snojeyoe RNAV
ewssojepy el BWSO[B\ A aeaoe|pledseuy BILLIOUOT yoe 7 | ooidonoaN | 78 1o NIAVD
‘Leoe
/e 38 SN4VYSVO
Uiy @ YO0H
snsoJdo| ‘6102
xeif}s xelA}s aeaoeorlAls eunuably | /e Jo SN4VSYO
‘0c0c
‘e 1@ VIranN-s
‘ds eissend eIssenp aeaoeqnolewls ooidosjoaN | O¥Y3LS3ITIveE
‘Leoe
Mlpey e} SN4dVSVD
(-Buaidsg)
eljojioles ‘610¢
eldnod elanod seaoejodes eunuably | ‘|e 18 SN4VYSYO
‘boep
smebnliq 8102 ‘N
SN22021j8p\ SN2202I|8|\ Blquolo] | T “IVIVAYYO
Mipey
sepioubeoejo 1202
eqfejep egheje|\ ‘e 39 SN4VYSYO

sseque)




wnuaeyoey

1 ljeb-ejsuo

eulyifig

winaeyoe\

‘Bay

NN (ssnpy
x® "PIIA)
sisualjiselq

eoAsl

euuyfig

‘zds eansy

"youe|d ¥
'auoe (|any)
luojojoiowl

xeuedowApiq

BanSH

eeaoeqe

0o1doJjoaN

oy31s3T11vd

liseig

'€¢0¢
8 J@ N3IAVvO

‘ds

euwadsopidsy

xeuedowApiq

aeaoe|gqloydn]

oo1doJjoaN

'0¢0¢
e 3@ VIMAN-S
0d31s3Tive

Jauley
‘H  (I1Pyos)
ejeuibiews

euouuy

ewJadsopidsy

seaoelRlY

“JeA
sisusueinb

eJuide |

euOUUY

aeaoeuAoody

liseig

Gloc
e} 'SOLNVS

'G00¢C
A "HOINNC pue
vV '0S0Qyvd

'€c0c 1e
19 ZAYZNOO

IPpPEY

eluide |

aeddeuouuy

oo1dosjoaN

'0¢0¢
e 1@ VIrAN-S
0d31s311ve

Blonzaus

'€coc e
1@ OSSIIVAVS




euroen|o '€c0¢
eiuouo] np 7 e j@ N3IAvo
'GL0¢C
e }® SOLNVS
(5G81 “1oxlem) Y002 'V 1
suBJSwWnalI ‘VIQVYVIHO %
‘ds eoy09 eay0)n aeaoeigny BIuIouoO] 197 iseldg | IN T ‘ZIANVTIN
"youeld g
‘auda( ('1any)
iuojojoiow
xeuedowApig xeuedowApiqg aeaoelely
“uoswoy | (2102
® "} "OOH ‘ulyoa.g) €202
(‘wen) ejesopo Sisuajeuesed e 1@ SYOYVA
ebueue)n ebueue) aeadeUOULY BILIOUOT seo 7| eiqwojo) -0401
R4
" SIUNWWOD l'selg | /e }J® N3IAVO
snifd snikd oeaoesoy
‘11BN
SIjISsl) ejoipad elaipa) aeoaoel|o|\
CEEINEGEEIN))
ejejo90UE|
aqaoyd agaoyd aeaoeine
‘IsseH '0c0¢
osuslienbeled ‘e 1@ VIMdIN-S




® ZInY) sineg|

elpauwijopnasd

"7 ejeiopo

gjaipad

elpawjopnasd

‘lany
sisusueinb

edeie)

elalpe)

9B39JkI0|\

‘Ipuels
(wes  -ar)
ejejnaipusadde

eadweH

edese)

‘Agqauieg
8 uiml|
'SH  (esoy
B uopug)
esojjided

BuUsS

eadweH

aeadelg|\

‘Ale@ (puels)
1IUOSUBAB)S

wininoid

euuasg

oeooBAIBIN\

‘Yydueld
Q "auoa(Q
(‘1) sneuoque

xeuedoipusd

wnnoid

eeaoege

xeuedolpua(

oeadelssing

seooEI|RIY

(L6l
‘allewa)
eueIquIN|oo

eIlwouo7

|09 7

oo1doJjoaN

'0¢0¢
‘e 1® VIr3AN-S
oy31s3T1vd

(2281 ‘8onuq@)

'¢00¢
W 'SIVHON




eaduweH

"Yosziom
(‘1PHUOS)
eLedu

sayueuWAL

‘IPHYSS
snueapaiyos

uo0joI9

‘ws uuoq
euouwsjsolsld

BQIoA82U0D

‘Nosey
®  SUSUEN'IN
gjeue| eiyje|n

‘Hen
(‘ned g zIny)
eydn.iiajui

ewouosn)

"qin g By
asuaarewel w

njAxoynbsopy

0¢

eadweH

SayluBUWAD

uoj019

BQI9A80U0D

BIY1oID

ewouosn)

w

njAxounbso

0¢

aeadeABI

aeaoe|gqloydn]

aeooRIYI8|D

oeadedaly

aeadeIpieoRUyY

vi

(9881 ‘@oniQ)
BIpJoou09

elouo]

uoo 1

Yuny
epunqlioy

eljjesseH

*1QoB
4t (ned

enjesseH

aeooRoIeS




uossIapuy
T % ymIs
'g (‘ws "uuoq)

esooajoelq

eioluog

"youe|d
(‘yueg)
soplols|ppnq
xAiyjouyoely

elolleg

"auya0y
suejnuue

snunid

xAlyjouyoely

‘ws
‘uuoq eJqelb

sisayjeied

snunid

seaoeIgNy

‘uieals
(‘'Ipueyg)
sisusweued

snyjueuoIyD

sisayjeled

2B9IES0OY

‘wsg uuoq
? Jamid
snuew/ed

SnosineAlepy

snyjueuolyD

aeaoB|NWId

‘Ipuels
(wes -@r)
eje/noipusdde

SNOSIABAIBIN

ae90B”9|0




sugjoanelb (1271 4sweid) '©z02
wnjuoJ)sy wniuoJsy aeaoelpieseuy eJIuA2 elLouo] uko iseig | Je 3@ NIAVYDO
“9)UBpPIO

8sUB01IB)S00

wnjAxateyyn

Jsuyor
RS I A G 11)))
eueoliswe

sisdouydeq

wnjAxaseyyd

9B90BUBIS

‘uued
‘d "L ejeljojxe
eLanod

sisdouydeq

oeaoear|oWAY |

9 eolN'D

(uspuii
9 "youe|d)
pasol eig

elenod

oeaoejodeg

‘wig "uuoq
eyjueIojyo

ewsojAx

ellid

oeaoepuideg

BwWSo|AX

yuuny
epunquLoy

eijjesseH

‘llepunT
Sisusueogj

eLease)

eljjessey

elesse)

aeooRIes




‘Buy

NN ('ssnpy
X Pl
sisusljiseiq

eorsl

eoASH

aeaoelqioydng

(1261
‘allewa)

uowosap

eiuiouoy

sep 7

‘ds eoiun

" suain eoiun

‘geslo

Xa  ‘yolpnes
(-boer)
eueseorIeo

eiain

eonn

e/u

eiain

‘ds snaJenp

e/u

2Be90BoIlN

‘ds snbey

snoJenp

aeaoepIyifoa

1
eroeoeopnasd

eiuiqoy

snbeq

1 sninjaq

snuidied

eluIqoy

oeoaoebe

‘pueyo.ey
sisusijiselq

eseiyy

snuidie)n

seadeqe

‘boep

eaelyi]

aeaoe|njag

liseig

‘G10¢C
18 19 SOLINVS

'¢00¢
W 'SIVHON

oo1dosjoaN

'€20¢
e 3 N3IAvo

'¢00¢
" ‘SIVHOW




SnasineAlBp

‘Ipuels
(wes  -@ar)
ejejnaipusadde

eoadweH

"4oszjoy
('IPNY2S)
eLedu

sayueuwAo

‘IPHYSS
snuespalyos

u0j0I9)

‘ds esyjs|n

‘Hen
(‘ned % zIny)
eydn.iiajui

ewouosn)

"gin g By
asuaorewel w

njAxoynbsopy

swelqy
X9 NNN
(MNN)  euwney

ewisojepy

0¢

SNOSIABAIBIN

eadweH

SayjueuwAo

uoj019

BIYI9ID

ewouosn)

w

njAxounbsop

BWSO|E|\

4

aBooBA

aeaoe|gqloydn]

aeooRIYI8|D

oeadedaly

seaoBIpIROBUY

€l

(9881
‘aonuq) eJposle

eIlwouo7

a9

oo1doJjoaN

'0¢0¢
‘e 18 VIraN-S
0d31s3T11ve

02IX3\

¥661 ‘N VAV
-dvZyOvd
pue 3 ‘J4T0M

‘ds ebuy

ebu|

aeooeqe

BIqWI0|0D

'€coc e
1 ZIMYZNOO




elng

‘Wi ‘uuoQ
eyjuelojyo

BewsojAx

elli'd

“yuny|
epunquLoy

eljjesseH

BWSOJAX

aeaoepuideg

‘liepun
Sisusueoe]

eLeose)

enjesseH

‘youeid
(‘'yueg)
seplolg|ppnq
xAiyjouyoely

elease)

1
eolqeie Balod

xAlyjouyoely

oeooeoIes

‘ws
‘uuoq eiqelb

sisayjeled

eaJjoD

"YsseH
winijojljeAo

wnJisnbiy

sisayjeled

seaoeIgNy

"7 eaefenb

wnipisd

wnnsnbi

aeaoeINWId

‘ds

wnipisd

2esdes|0

aBaOBUAN

'0c0¢

‘e 1@ VIranN-s

ooidosjoeN | OY3LSITIVE
'€c0ce

Bol4 Bjso) | /e J@ NIAVO




soplogjjow enbijqo ‘G002
eselyir] Ly eaeiyn 6¢ seaoelpledeuy 8l ejwouo] 190 7] liselg | 1 ‘INIYMOT
(610Z ‘81SI8N
“JeA 9 ulyoaig)
sisusueinb aeeanbjuow 'ez0z e
eJuide | L eluide | L aeadelpleoeuy L eluouo] uow 7 | elenzaudA | Jo  Z3TYZNOOD
(G581 Jxiem)
‘ds eissuueopr elsauueor aeaoe|qioydng eje/noewqns
41 ejeo|e} q 'c00¢
ey soifdsoig Z soJAdsoig Z aeaoeuaql b4 eiwouo] | ns |ey 7 H ‘SIVHOW
‘19N sdeourd
e/sauueop elsauueop aeaoe|qioydng (gs81
F Joxep) ejeorey €202
ey soiAdsoig 2 solAdsoig 2 aeadeuaqy b eiuiouo] er |lseig | 78 1@ N3IAVO
"©}USpoN
8su82LIB}S09
winjAxaieyyD wnjAxaseyyd 9B90BUBQI N
‘uuad
‘a "1 ejeljojxe
eL@nod elajnod
1sinbuou)
wmnsyly W w
njifydosAiyn njiAydosAiyn aeaoejodeg
Jheq w

nuejseosoddiy




lauley
‘H  (1PUYoS)
ejeulbiewo

euouuy

euUOUUY

IppeY
eljojiyuIqass]

SNuUIYoS

snuIyosg

aeadeUOULY

] e9jpU

eJajibuepy

elajibuey

‘ds eaesyjI7

‘pueyoIe
sisuajjiselq

eaRIYYT

1Buz (IPM)

(G681 4ox1em)

liseig

'G00¢C
i 'INIHOT

'G00¢C
e @ 1HO3dS

v00C 'V 1
VIQVYVIHO %
N T ZINVIIN

'¢c0c
e 39 114391V

‘610¢
18 78 INO9NVZ

‘910 "N
‘OLLOT3NOL

oo1doJjoaN

‘610¢
18 19 INOGINVZ

‘GLoc
18 3@ SOLNVS

'G00¢C
e} 1HD3dS
'£00¢C
818 INIJOT




-zds einqaqe |

“Bay NN
wniodwes

ewadsopidsy

eingaqge |

aeaoejuoublg

oo1doJjoaN

'610¢
18 1 INO9INVZ

ewJadsopidsy

aeoadeuAoody

o0o1doJjoaN

/ llseld

'€10¢ 'S3HOT4
“ZAHVATVY

pue  |SSVAVL
-IMSNIZANHO

'G00C
e @ 1HO3dS

'0¢0¢

‘e 1@ VIrAN-S
od3Ls3Tive

/ '¢00¢
W 'SIVHON

oo1doJjoaN

'610¢
18 1 INO9INVZ

‘910¢ '
‘OLLOTINOL

'€10¢ 'S34H0T4
“ZAAVATY

pue |SSVAVL
-IMSNIZANHO

'£00¢
VHIFAINTO
-INNVd

° VIOdvO




NN ('ssney
xe "PILAN)
sisualjiselq

BoNBH

"zds

eauIoyoly

BeOASH

sopel (‘puos)
snjejlaquin

snyjueoipueH

eauloyoly

aeaoelqioydng

sonep
(Uumpues)
snwiisyoind

snyjueoipue

snyjueolpueH

oo1doJjoeN

/ llseld

‘G10¢
18 }1® SOLINVS

‘910 "N
‘OLLOT3INOL

'¢00¢
W ‘SIVHOW

200¢
1818 INIHOT

‘910 'N
‘OLLOTINOL

'G00¢C
e 3 1HD3dS

'G00¢C
1 'INIHOT

'200¢
VHIIAINTO
-INNVd

9 VIOdvO

'0¢0¢

e 1® VIr3AN-S
0d31s3T1ive

/ '¢00¢
W 'SIVHON




"zds posiad

N
eueolswe

pos.iod

"Jlod
(‘neD) ejebuin

eIueqsas

eoslod

"1 ljjeb-ejsuo

eulyfig

elueqseg

aeaodelnen

"A "HOINNCr pue
vV '0S0Qyvd

¥00C 'V 1
VIAVYVIHO %
N T "ZANVIIN

‘910C '
‘OLLOTINOL

'¢00¢
W 'SIVHON

'G00C
e 3 1HDJ3dS

By

eulyifig

aeooeqe

'G00¢C
il 'INIHOT

'£00¢
18 1@ INIHOT

'G1L0¢
‘e }® SOLINVS

'G00¢C
il 'INIHOT

'G00¢C
e @ 1HO3dS

'¢00¢
W 'SIVHON




oA
sIissly ejaipa)

elaIpan

aeadels|\

‘Hen
BJROLIBAID

eayony

eayanT

oeooBAIBIN\

] e9lpuy

elwooJjsiobe]

ejwoaossiaben

aeadeIYA]

liseig

-INNVd
9 VIOdvO

'¢00¢
W ‘SIVHOW

'G00¢C
il 'INIHO

'G00¢C
e 3 1HO3dS

'200¢C
838 INIJOT

'G00¢C
i_ 'INIYOT

oo1doJjoaN

'610¢
18 19 INO9INVZ

'€10¢ 'S34H0T4
“ZAAVATY

pue |SSVAVL
-IMSNIZANHO

'£00¢
VHIFAINTO
-INNVd

° VIOdvO

'G00¢C




“WBUIOH
X® "gxoy

poljSele  snai4

"] eoLIRD SNJI4

lueA
epljjed  snolH

snol4

S1=1cel=A (o]

liseig

'¢00¢
W 'SIVHON

'G00¢C
i 'INIYOT

‘910C '
‘OLLOT3INOL

'¢00¢
W 'SIVHON

'G00¢C
e 3 1HD3dS

oo1doJjoaN

‘0c0¢
‘e 1@ VIrAN-S
0d31s3T11vd

'610¢
18 1 INO9INVZ

‘910¢ '
‘OLLOTINOL

‘GLoc
18 19 SOLNVS

'€10¢ 'S3H0OT4
“ZAAVATY

pue |SSVAVL
-IMSNIZANHO

'£00¢C
'VHIIAITO




zds
snjdAjeong

7 eabiu snioyy

snjdAjeong

aBaORUAN

'610¢C 18
1® OSSTTVAVA

'G1L0¢
18 3@ SOLNVS

‘Loc e
#©  1ddVvNy34

zds snoi4

SNIO

4
esnuad snoiH

"biA ("biA)
euelyjeuyosn|

snoi

'G00C
e jJ® 1HO3dS

200¢
18 1@ INIHOT

'€10¢ "'S340T14
“ZJHVATY

pue |SSVAVL
-IMSNIZANHO

'€c0c 1e
#©  ZIATYZNOO
/ '¢00¢
" ‘SIVHOW

'G00¢C
‘8 }3® 1HO3dS

'G00¢C
il 'INIHOT

'£00¢C
818 INIHOT




snueje|d

uony'L'M
("qunyl) esiqoy
wnJodsonid

snueje|d

"uopy Wwnpion

wnsnbiy

wniodsoypd

seaoBUERR|d

"] eaelenb

wnipisd

wnusnbi

aeaoelodsonid

wnipisd

ae90B”9|

liseig

1818 INIHOT

'£00¢C
8_}® INIHOT

¥00C 'V 1
VIQVYVIHO %
N T ZINVIIN

'¢00¢
W 'SIVHON

0o1doJjoaN

‘610¢
‘e 3 INO9dNVZ

liseig

‘910C N
‘OLLOT3INOL

'G00¢C
e }J® 1HO3dS

'G00¢C
7 'INIHOT

¥00C 'V 11
VIQVYVIHO %
N T "ZANVIIN

'0¢0¢
18 19 AFTINVLS

ooidosjoaN

'0¢0¢
‘e 1@ VIrAN-S
0oy31s3T11vd




"PIIM (uony)
eljojlueoe

'600¢
e 18 1HO3dS

‘€202 ‘I8
1o Z3TYZNOO
/ '2002
o ‘SAVHOW

‘8661
1 ‘INIHOT pue
9 ‘olv13g3ay

'€10¢ 'S340T14
“ZAAVYATY

pue |SSVAVL
-IMSNIZANHO

'G00¢C
e j@ 1HO3dS

'£00¢
e 3@ INIHOT

'G00¢C
il 'INIHOT

¥00C 'V 1
VIAQVYVIHO %
N T ZINVIIN

'¥00C




" BOISBWIOP

snunidq

snunid

"7 eoiueuwliob

snjidsspy

snjidsay

‘A
ejwnd  snjepy

S

‘ds eAsjoqoLig

‘Jpur (‘qunyy)
eojuodef

eAijoqoLig

eAnoqgolg

2B9IES0Y

liseig

'€10¢ "'S340T14
“ZJHVATY

pue |SSVAVL
-IMSNIZANHO

'G00¢C
"A "¥OINNCr pue
VYV _'0S0Oayvd

'G00C
i_ ‘INIYOT

oo1doJjoaN

'0¢0¢
‘e j© VIr3N-S
0d31s3T11vd

'£00¢
e _}® INIHOT

'G00¢C
i ‘INIHOT

'¢00¢
" ‘SIVHOW

‘910¢ '
‘OLLOT3INOL

'G00¢C
e} 1HO3dS

¥00C 'V 1
VIAVYVIHO ¥
N T "ZANVIIN




(1)

‘yosied
eorssad

snunid

'£00¢
VHIFAINTO
-INNVd

°® VIOdvO

'G00¢C
e @ 1HO3dS

'G00C
i INIHOT

'G00C
A "HOINNC pue
vV '0S0Qyvd

¥00C 'V 1
VIQVYVIHO %
N T "ZANVIIN

'¢00¢
Y 'SIVHOW

¥00C 'V 1
VIAVYVIHO %
N T "ZANVIIN

'£00¢
1818 INIHOT

'£00¢
VHIFAINTO
-INNVd

° VIOdvO




" SIuNWWoo

snifd

snJAd

‘G1L0¢
18 1® SOLINVS

'€10¢ 'S3H0OT4
“ZJHVATY

pue |SSVAVL
-IMSNIZANHO

'£00¢C
1819 INIHOT

'G00¢C
i_ ‘INIYOT

'G00¢C
e 3 1HO3dS

¥00C 'V 1
VIQVYVIHO %
N T "ZANVIIN

'¢00¢
" 'SIVHOW

'610¢
‘e 18 INOdINVZ

'€10¢ 'S3H0OT4
“ZAAVATY

pue |SSVAVL
-IMSNIZANHO

‘910C "N
‘OLLOTINOL




‘youeld (z161
? "aude( ‘allewan) 0202
(‘1) snauoque sus9sajni ‘e j@ VIrdiN-S
xeuedoipusqg xeuedolpua( aeaoelely eluouo] JnJ 7 | ooidosoaN 0Y31sS3a1vy
OH'ND
B MOH'O'4
(-on)
nbuadoy  uea
wnaoedde| aeaoepuides (e102 ‘o118
wnjjpydeN wnijpydaN B yoe
" eueiuibin ‘uyosug) e €202
snunidq snunid 9B90ES0Y 19][IpJ020jUBLIO 18 18 SYDYVA
‘ds suAbojf1s auAbolA1s aeade|nwiid eiuiouo] 110 eIquiojo) -0Od01L
‘PPEM
eoejjueine 'G00C
eiain eJain 2Ba2edIlN ‘e j@ 1HD3dS
'S00¢
%9950 (1) 1 'INIOT
SIsusuIsS SnJjiD '200¢
e 38 INIJO1
%090s0 (1) 'G00Z
uowyy  snhaig SN seaoeiny i ‘INIYOT
‘8661
1 INIHO1 pue

9 ‘olv13g3ay




nuwiiedsoyaLl |

‘ebauusyy
(s4a1IN)
wnueoixawl

wnuejeiuss

‘Ale@ (‘|puels)
HHUOSUBAB]S

wnnoid

gole|
(‘louag) essou

einqeqe |

‘Yyoueld
9 "auo9a(Q
(1) snesoque

xeuedoipusq

L

nwJiadsoyoL |

wnueelwas

wnpoid

eingage ]

xeuedolpua(

Ll

aeadeAlBI

oeadellsee)d

oeadelssing

aeaoejuoubig

seaoelRlY

(c1L0Z “Je18I8N
®  ulyosig)
Sisusso.lejues

BILLIOUOT

ues 7

‘ds sisayjeied

‘Ipuels
(‘wes ‘ar)
ejeinoipuadde

paduweH

‘Aqauleg
8 uiml|
'S'H (esoy
B uopug)
esojjided

euussS

sisayjeled

eadweH

BuUUSS

aeaoB|INWId

aeadeABI

aeooeqe




] ejewe

gissend

‘lpuels
(‘lpuers)
nyyws-jlauuop

ejuobejusd

BISSenp

‘|SwaH
auAboyaLi

sisayjeied

eluobejuad

aeadeqnoJBWIS

‘Bury
ejifydoioew

eIus)eIMS

sisayjeled

aeaoeIgNy

" ejeI0pPO

glaipad

BIUBIBIMG

aeaoe|NWId

lany
sisusueinb

edeie)

elaIpan

lreg (‘0 @)
wnueaixew w

edele)

aeooeIa|\




BljoIyIuIqe.e]

aAlleN 9al] snuIyos Jay yog snuIyog
"gin g Bnuyy
esuaoiewel w
aAlleN ool njAxoynbsopy wel sop wnjAxolnbso
7 eaipul
pajeAl}nd/onox3 oal]| eJsjibuepy pul” uep elajibuely
sweiqy
X9 "IN
(‘WNN) euune
aAlleN 991 ewsojepy nel ley BWSO[B\
aAlleN gnuys Jo sau] "ds eseuyjr] ds 7
16u3 (o)
saploajjow
8AlleN 88l1 eaelyjr low )7
‘pueyolely
sisuajjiselq
SAlleN 88l1 eselyj BIq 17 eseiy
‘boepr
susjoanelb
anleN 291 wnjuosy elb sy oL wniuoJsy ) aeaoeIpieseuy euy
saweN 9po) saloadg aweN snuag apo9o
«Siueld jo uibup JigeH Yymoldo | saioadsg jueld aweN | jue|d JaqwnN | snusg Yo | juejd JaquinN Alwe | saweN

"jue(d jo dnoub |esauss) ' xipuaddy




wnJodwed

olwepul 9ol | ewusdsopidsy | weo dsy ewJadsopidsy aeodeuAoody ody
Hel (‘wen)
eojjewole
aAleN =ET erdojAx ole” |AX eldojAx
‘Hes ('qoy
1) ejesjoriqiq
YT qniys sisdowsag qiq seq sisdowsaq
"uoswoy |
® '} MOooH
(‘we") ejeiopo
paleAlnD/o10xg 9al] ebueuen | opo ue) ebueue)
euel
dAleN | J0  gnuys  ‘eall zds euouuy Zds uuy
euel
9AlleN | 10 qgniys  ‘eau] ‘Lds euouuy Lds uuy
"Jauley
‘H  (IPHYas)
ejeulbiewo
aAljEN qniys BUOUUY | BWS Uuy BuouuY aeaoeuouuy uuy
“JeA
sisusueinb
ETNEIN aal]| eduide | In6 de | eluide |
ETNEIN| qniys Jo 9ai| ‘ds seipuods ds odg seipuodg

IPPEY




SAIIEN

98l

‘1ds einqeqe |

Lds qeyl

eingege |

olwepug

@8l

sopel (‘puos)
snjejjequin

snyjueoipue

quin~ ueH

NN

LN

sope
(unmpues)
snwiisyaind

snyjueoipue

[nd"ueH

snyjueoipuey

aeoaoeluoubig

big

onox3

ool

" sninjeq

snuidied

12q JeD

snuidien

seaoe|n)eg

194

olwepug

wied

‘Hen
(‘ned @ ziny)
ejdn.iiajul

euwiouoss)

Jur 099

BUWOUODH

2eadedaly

aly

SAIEN

LN

‘youeld ©
"suoeQ ('lany)
1uojoj0.IoL

xeuedowApiq

Jow pia

olwepuy

28l

‘Yyoueld
9 "auoa(Q
(‘7) sneuoque

xeuedoipusg

gle uaQ

xeuedowApiq

xeuedolpua(

oeooellRlY

ely

oAleN

gnuys Jo 88l

‘ds

euwadsopidsy

ds dsy

‘Bay NN




onleN

gniys Jo eal]

eauIoyoly

zds oy

onleN

gnJys Jo sal]

"Lds

BoUIOYIJY

Lds oy

aAleN

LN

‘[pu3g g "ddeod
esojnpuelb

eauloyoly

e|6 oy

€l

eauloyoly

aeaoelqioydng

dng

pajeAnind/QiRoxy

9al]

4
ey soifdsoiqg

yey oig

soJAdsoig

sesoBUS(]

eqq

onleN

gnJys Jo sal]

‘ds eiyja|n

ds 9D

olwepug

98l

‘Nosey
R Suspep'IN
gjeue| eiy}e[d

ue| 9|19

IETe)

aeooRIYI8|D

810

SAIEN

98l

‘JeA esowaoel

el[sHIH

oel JIH

e|joUIH

seaoeuUR|RqOSAIYD

140

olWwapug

LN

‘ebauusyy
(sisIN)
wnueoixawl

wnue[eiuss

Xow was

wnuejelwes

oeadellse|e)d

180

SAIEN

LN

‘Ale@ (‘|puels)
1IUOSUBAB]S

wininoid

Q1S oid

wnnoid

oeadelssing

ng

oAleN

98l

‘0d
(‘louag) eosou

eingaqe]

soJ gel

oAleN

@8l

-zds einqaqe |

zds qel




onleN

98l

‘Buaidg
sisuajjiselq

elue)seqes

elq ges

BlUBlISEqeS

SNEIN

gnJys Jo 9al]

‘ds wnides

ds deg

wnideg

aAleN

gniys Jo @8]

"ds eissuueopr

ds eor

olWapug

LN

‘IoA sdeourid

eIsauueof

1udeor

eISauueof

aAleN

gniys Jo @al1]

‘zds eonsay

Zds asH

onleN

gnJys Jo sal]

"1ds eansy

Lds AeH

onleN

98l

By

NN (ssney
X Pl
sisusljiselq

BoNBH

elq AaH

BeoASH

olWwapug

LN

Seralel)yd]
('1PHYOS)
eLedu

sayueuwfo

du"wAho

sayjueuwAio

olwepuy

LN

‘IPHYSS
snueapaiyos

uojoID)

yos o1n

uojoID

olwepug

98l

‘ws uuoQ
euowwsjsola|d

£QI9ABIU0D)

a|d uon

BQIOABOU0D

"zds




olwepuy

qniys

eso||ided
Jen esojjided

euuss

ded ueg

olwapug

e

“
ejoeoeopnasd

BIuIqoy

asd qoy

onleN

o2l

O'IN'Y B BAIIS
TN (Yueg
X8 "Hen)

suysedwed

eiojjenyy

weo an|p

olwepug

98l

‘IsseH
asusLenbeied

wniseyoey

Jed oe

onleN

euer

Jo gnuyg ‘eal]

‘ds

wniseyoey

ds oep

onleN

gniys Jo sal]

‘ds ebuy

ds Bu

onleN

oal]

"7 [1BQIN09

poeUBWAH

noo WAH

onleN

28l

" ljjeb-ejsuio

euLyifig

119~ A1g

oAleN

qnuus

‘ueying
(‘ueg
X0 aonidg)

saplodoiu

eiziqly

ol qy

0l

BUUSS

BIuIqOY

elo|lony

wnLiseyoe

ebu|

BoRUSWAH

euuyAig

Blziqy

aeooeqe

qed




] ealpus

pPajeAl}ND/o1j0X] gnuys | eiwsoJjsiebe] pur be ejwoaossiabe aeadeIYA] A7
“azZjuUNy|
(Ippey)
sIsuajja.jse
olwapug 9al] euejuue) 189 1e) euelue) 2ea2epIyifoa 297
'S99 (seaN)
ejejo9oue|
onox3 9al] 8geoyd ue| oud agaouyd
aAlleN qniys 1o @ai| ‘zds pasiad Zds uad
aAllEeN qniys 1o aai| ‘1 ds pasiad Lds ued
NN
eueolauie
aAeN 9al] eosiod | ewe lad easlad
‘HEeN 8 SO8N
ejejovoue]
aAeN 9al] eipuejosnN ue| 99N BJIpUBOBN aeaoelne nej
pajeAljnd/onox3 9al| "ds snasend ds anp snaJand
pajeAljnd/onox3 oal| ‘ds snbey ds beq snbe oeaoebe be4
“J10d
(‘neD) ejebuin
aAeN gniys eIueqsas JINS9g elueqsag
‘Agauleg

% umi| (esoy

? uonug)




aAlleN 9al| ‘ds gjaipa) ds pa) elalpad
qny
sisusueinb
ETNEIN aal| edeie) In6 1en edele) aeaoel|9|N JIETA
aAlleN qgniys Jo @a4] | -ds euiyonoqiy ds qi| euIyonoql |
eue
dAeN | l0  gnuys  ‘eall “ds eiuoaipy ds o BIUODIN| 2eadejeWolse|a 1o
‘ireg (-0 "a)
wnuesixaw w
olwapulg 9al] | nuwusedsoyoL | xaw 1] wnuwJadsoyou |
‘ds
aAlleN qniys SNosInBAlB) ds e
‘ws uuoQg
8 Jsmid
snuew/ed
aAeN gniys snasineAlepy led e\ SNOSIABAIRIN
‘He
ejeolieAlp
aAlleN 9al] eayen AP 8N eayan-
‘lpuels
(wes  -@r)
eje/noipusdde
olwepulg 99l eodweH | dde weH eadweH oeadeABN eny
"ds
pajeAl}InD/o1ox3 gniys Jo 9a4] | eiweodjsiebe] ds be7




olwapug 9al] | elpawjopnasd ae| asd elpawjopnasd
pajeAnND/o1ox3 9ol | "7 edbiu snioyy Biu o SNJION
euer
anlleN ‘ool "zds snai4 Z2ds oi4
euer
aAleN ‘eau] "1ds snoi4 Lds o1
4
YT 9al] | esnuad snolH Jad 214
lYEA
aAlleN oal] | epyed snal4 jed 214
"IN (bin)
euelyjeuyosn|
aneN 9al] snajH sn| 214
"WBUIOH
X8 "gxoy
paleAnD/o1oxg 9al] | eonselo snaiH elo ol
paleAlnD/o10xg 9al] | ' eoued snalH Jeo a4 snol4 29BaoBIo oW
‘Bury
gjiAydo.oew
olwapug 9al] BIUSJOIMS | OBW IMS BIUS)OIMS
"] ejRIopOo
ojwapul] 9al] gjoipen | opo pad
‘0ao
Jougelb  uea
olwapug 9al] | sIjISSy ejaipa) Siy pa)




PSleAnIND/o1j0XT

@8l

Pl (UOlY)
eljojLioe

snuejeld

2oe e|d

snueje|d

sesoBUE)E|d

eld

pajeAlnd/QiRoxXy

LN

UoHyY" 1" M
(‘qunyl) esqoy
wnJiodsoyid

qoy 1d

wnJodsonid

aeaoeiodsonid

Id

oljox3

LN

‘ds eiumojned

ds ned

elumojned

aeaoBIUMO|Ned

ned

pajeAl}INy/OROXg

o8l

"uopy Wwnpion

wnasnbiy

on| BN

PSleAlIND/o1l0XT

qnuus

"ysseH
wnijogijeno

wnJsnbry

eAO bBiI

olwepug

98l

‘uJesls
(‘Ipueyg)
sisusweued

snyjueuoIyD

ued 1Yo

wnJsnbi

snyueuoIyD

aea0e9|Q

90

olWwapug

LN

] eaefenb

wnipisd

enb 1sd

paleAnny/QnRoxy

gniys Jo eal]

"zds
snjdAjeong

zds ong

wnipisd

paleAnny/QnRoxy

gniys Jo eal]

"Lds
snjdAjeong

Lds ong

snydAjeong

aBaoBUAN

AN

1qoepy
4 1 (red
® zInY) sireeg




‘yosied
(1) eorstod

pajeAl}n)/onox3 9al| snunid Jad nig
"] eoSaWop
pajeAl}ND/o10xg 9al] snunid | wop nid
"auya0y
suenuue
olwapug 9al] snunidq uue nid snunid
" eoluew.iob
pajeAlND/o110xg 9al] snjidsepy | 196 S9N snjidsay
NN
paleAlND/o10xXg 9al] | gpwnd snieyy | wnd ey snep
21}0X] gnuyg Jlo @au] | ds eAsjoqou3 ds g
‘Ipurt ("qunyl)
eojuodef
paleAnD/o1oxg 9al] eAnoqouy del 3 A eAsjoqoug 2B90ESOY soy
aAlleN gniyg Jlo oai] | ‘ds sauAbojA)S ds A1g auAbojA1S
‘|SwaH
auAboyaLiy
olwapug 9al] sisayjeied 1y Jed
olwepug gnuyg Jo @a4] | ‘ds sisayjeied ds Jed
‘ws
‘uuoq euqelb
olwepug 9al] sisayjeied e|b ied v sisayjeled aeade|Inwid Hud
pajeAl}InD/o1ox3 99l -ds snueje|d ds ed




‘lpuels
(‘lpuerg)
nyyws-jlsuuop

olwapul] o9l ejuobejusd uop uad eluobejuad
o130X3 gniys Jo e8] ‘ds eoyo) dsjop
1
payeAlND/onox3 gniys | eoiqese eayon ele o) B9}J0D
uossIapuy
T % lues
'g ('ws "uuoQ)
Bs08}08e.1q
olwapug gniys elolpog eiq lag elalag
"youeld
(‘pusg)
saplolslppng
olwapug 9al] | xAMyjouyoeiry pngely xAlyjouyoely aeaoeIgny qny
‘noyos
snijoywin
paleAlIND/O0Xg aqniys snqny | win gny sngny
aAlleN qniys Jo 9ai] ‘ds snih4 ds™ kg
" SIuNWIWo9
aAleN =L snifd woo JA4 sniAd
YT qniys 1o @ai| ‘ds snunud ds nig
1 eueuibin
aAlleN 99l snunid JIA nId




onleN

98l

gosol  eijg

sol |ig

elii'd

Ideg

olwepug

@8l

‘wg ‘uuoQ
eyjueiojyo

BewsojAx

1Yo 1Ax

olWapug

LN

“ypunyy
epunqLoy

eljesse

o} seH

BWSOJAX

olwepug

o2l

‘IIepun
Sisusueoe]

eLeose)

oe) se)

eljjessey

oAleN

98l

"MS SLIjSoNAS

eLease)

[As"seD

SAIEN

qniys

‘boepr
eipueosp

elesse)

29p se)

SAIEN

LN

'so|D
BsSojusLLIO]

ejeueg

wo] ueg

elesse)

eleueg

aeaoedles

1es

paleAnny/QnRoxy

28l

%089sQ (1)
SIsuauIs snijD

uis 10

paleAnny/QnRoxy

sal|

%089sQ (1)
uowli|  snauo

wi 1o

olwepug

@8l

‘yueg
eje/naide

enalieH

ide JeH

snujID

EldlIeH

aeaoeINy

ny




olwepuy

sal]

eLs)nod

X8 nod

olwepug

98l

1sinbuou)
wmnsaly — w

njiAydosAiyd

Ay 1y

elsInod

wn(jAydosAiyn

aeaoejodes

des

P3jeA}IND/OROXT

o8l

OH'N'D
K MOH'D'4
@IET)
nbuadoy “uea
wnoaoedde|

wniaydapn

de| deN

oAleN

98l

‘boepr
snjebnliq

SN2202IBYY

g 18N

wniydaN

onleN

98l

Aiped
sopioubeosejo

eqhezepy

CIERRLE

SN2202IIBIN

onleN

oal]

ssaquie)
SEEN

ejuedn)

Jon dn)

eghele

SAIEN

LN

"JRked w
nuejseooddiy

elng

diy g

eluedn)

.@LQ—J._\/_.AH_

9 eoliN'D
(uspur

? "youe|d)

aeaoepuides




onox3

qloH

" suain eaiun

aln"un

oAleN

qnuus

‘PPOM
eoejjueine

elain

Jne ain

BoN

onleN

o8l

"qesHD
X8  "yolpnes
(‘boer)
eueseoe.led

eiain

leo aln

eiain

2Be90BoIlN

HN

olwepug

98l

J)suyor
oot )
eueoliswe

sisdouydeq

awe deq

sisdouydeq

aeaoeaedWAY |

Ayl

onleN

98l

Uy @ O0H
snso.ds|

xeif)s

de| Ayg

xel1g

aeaoeoelAlg

A1s

onleN

gnJys Jo sal]

‘ds eissend

ds"enp

olwiepuy

LN

1 elewe

gissend

ewe enp

BISSEND

aesdegnolewis

wis

olwepug

@8l

ipey
(-Buauds)
eljojioles

eLajnod

|es nod

‘uuad

‘a1l ejeljoixe




sel08ds Gyl snues) g6 so|lwed 6¢
"93Usp|o
8SUB2LIB)S0D
olwepug 9all | wnifxaseyyo S00 1D wnjAxaleyyd aeadBUBQION VEY)
2110X3 euel Jo qJoH ‘ds eonun ds un




Appendix 5. Functional traits of plant species that exhibited records of

herbivory.

Species Plant Count La Ldmc Lt Lfm
L_spp Alc_gla 1 8.081 NA 0.159 0.424
L spp Ast gra 1 9.323 NA 0.245 3.869
L spp Cas_syl 1 7.951 5.634 0.174 NA
L_spp Ced_fis 1 9.449 5.652 0.264 1.737
L _spp Hel_api 1 8.339 6.675 NA 0.311
L _spp Hir_rac 1 9.739 5.951 0.284 NA
L_ach Ced_fis 1 9.449 5.652 0.264 1.737
L col Ham_app 1 7.759 5.717 0.153 -0.899
L col Has flo 1 7.878 5.997 0.174 2.037
L con Ara_bud 1 8.131 6.147 0.157 0.609
L con Bil _ros 1 8.367 6.105 0.166 1.334
L con Con_ple 1 7.143 6.132 0.159 NA
L con Ham_app 1 7.759 5.717 0.153 -0.899
L con Has flo 1 7.878 5.997 0.174 2.037
L _cyn Ast_gra 1 9.324 NA 0.245 3.869
L _cyn Car_bet 1 8.304 NA 0.18 2.382
L ele Ara_bud 1 8.131 6.147 0.157 0.609
L_ele Cof_ara 1 8.684 5.832 0.194 1.823
L_ele Ham_app 1 7.759 5.717 0.153 -0.899
L _ele Has flo 1 7.878 5.997 0.174 2.037
L _ele Lig_ova 1 7.967 5.935 0.174 NA
L fal Dio_kak 1 7.918 5.785 NA -1.179
L_fal Joa_pri 1 1.039 5.868 0.221 2.194

L fal_sub Dio_kak 1 7.918 5.785 NA -1.179
L_obl Ced fis 1 9.449 5.652 0.264 1.737
L_obl Cit_lim 1 9.104 5.699 0.242 NA
L obl Lag ind 1 9.122 6.071 0.185 -0.109
L obl Lig_luc 1 8.547 6.268 0.203 NA
L ruf Ham_app 1 7.759 5.717 0.153 -0.899

Selected functional traits: leaf dry matter content (LDMC), leaf thickness (LT), leaf area (LA),
and leaf fresh mass (LFM). The corresponding names for each code can be found in Appendix 3 for
Lonomia species and in Appendix 4 for plant species. Data not applicable (NA).



Appendix 6. Model parameters and p-values estimated for the effect of

functional dispersion (fdis) on different network metrics.
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Each point within each graph represents Lonomia species and their trophic

interactions with their food plants.



