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“This corner of the earth is like me in many ways 

I can sit for hours here and watch the emerald feathers splay 

I'm with this deep eternal universe from death until rebirth 

I know this corner of the earth, it smiles at me”  

Jason Kay (Jamiroquai) & Rob Harris 

 

“De donde vengo yo, la cosa no es fácil pero siempre igual sobrevivimos 

De tanto luchar siempre con la nuestra nos salimos 

De aquí se habla mal, pero todo está mucho mejor 

Tenemos la lluvia, el frio, el calor. 

Subiendas de pescado, agua por todos lados 

Selva espesa que ni el Discovery ha explotado 

Minas llenas de oro y platino, reyes en la biodiversidad 

De dónde vengo yo, de tanto luchar siempre con la nuestra nos salimos” 

        ChocQuibTown - Oro  
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Resumo 

A dinâmica de interação entre plantas com flores e insetos pode abranger um contínuo que inclui 

mutualismos, antagonismos e as relações possíveis entre eles. Essas interações são consideradas 

um importante motor na história evolutiva de ambos os grupos, pois exercem pressões seletivas 

simultâneas em ações repetitivas durante o ciclo de vida do inseto e que podem, em última 

instância, afetar o sucesso reprodutivo da planta. As plantas com flores fazem investimentos em 

atração floral e recompensas para aumentar sua atratividade aos polinizadores. Porém, também 

desencadeiam visitas de agentes não polinizadores como florivoros, ladrões de néctar e/ou pólen 

ou pilhadores. Nesse sentido, este estudo teve como objetivo entender as tendências e a variação 

da florivoria natural exercida por insetos florívoros ao longo da elevação e sua relação com 

atributos florais e atração a polinizadores no campo rupestre, um hotspot de biodiversidade dentro 

do bioma Cerrado, Brasil. Verificamos que 26% das plantas com flores apresentaram sinais de 

florivoria e 7% das flores apresentaram remoção de pétalas por insetos na comunidade de plantas. 

Besouros, principalmente das famílias Chrysomelidae e Curculionidae, foram os insetos que mais 

se alimentam de flores, seguidos por formigas e abelhas. Em geral, as espécies de plantas com 

menor número de flores, flores grandes e tempo de floração mais longo são mais atacadas por 

insetos florívoros. Além disso, as flores com maior proporção de ataque por florívoros apresentam 

pólen como recompensa, estão organizadas em unidades solitárias de polinização, com corolas 

assimétricas e antese diurna. O ataque às flores aumenta com a elevação e é maior nos meses com 

menos flores disponíveis na comunidade. Finalmente, descobrimos que a florivoria exercida por 

insetos aumenta com a elevação em flores com morfologias menos restritivas, e é maior quando a 

recompensa é néctar, a simetria actinomórfica e quando a espécie é visitada por mais de dois grupos 

de visitantes florais. A florivoria exercida por insetos representa um fenômeno tão frequente e 

complexo quanto à herbivoria foliar, e a sincronia espaço-temporal entre as plantas com flores e 

seus insetos visitantes é crucial para garantir sua reprodução e permanência ao longo do tempo, 

especialmente em ambientes tropicais, biodiversos e sob severas pressões antrópicas. 

Palavras Chave: campo rupestre, gradiente de elevação, atributos florais, insetos florívoros, 

atração floral, interação inseto-planta. 

  



 
 

Abstract 

Insect-flower interactions may encompass a continuum of interactions including from mutualisms 

to antagonisms. These interactions between flowering plants and their visitors are considered an 

important driver in the evolutionary history of both groups, as they may exert simultaneous 

selective pressures in actions such as foraging for food or mating which are repeated several times 

during insect life cycle, and that can ultimately affect plant reproductive success. Flowering plants 

make investments in floral advertisement and rewards to increase their attractiveness to pollinators, 

thus triggering visits by non-pollinator agents such as florivores, nectar and/or pollen robbers and 

thieves. This study aimed to unveil the intensity, trends and variation of natural florivory by insects 

along an elevation gradient, and its relationship with floral attributes and flower advertisement in 

the campo rupestre hotspot, in southeastern Brazil. We recorded a total of 207 plant species and 

25% (51 out of 207) of the species showed damages by floral antagonists. In the plant community, 

26% of the total flowering individuals recorded had signs of damages by floral antagonists and 7% 

of the flowers had petals removed by insects. Beetles, especially Chrysomelidae and Curculionidae, 

were the most abundant insects consuming the flowers, followed by ants and bees. Overall plant 

species with lower floral display, large flower size, and longer flowering period are more attacked 

by floral antagonists. Furthermore, the greater proportion of attack was found in flowers with pollen 

as reward, distributed in solitary pollination units, with asymmetric corollas and diurnal anthesis. 

Damages exerted by insect florivores varied in space (elevation) and time (months) with flower 

attack increasing with elevation and in moths with less flowers available in the community. Finally, 

we found greater damages by antagonists, and that increased with elevation, in nectar-rewarded 

flowers, actinomorphic corollas and more than two groups of flower visitors. Floral damages 

exerted by insects represent a phenomenon as frequent and complex as leaf herbivory, and the 

space-time synchrony between flowering plants and their insect visitors is crucial to guarantee plant 

reproduction and permanence over time, especially in tropical, speciose environments and under 

severe anthropic pressures. 

Key words: campo rupestre, elevation gradient, floral attributes, floral damages, florivore insects, 

flower advertisement, insect-plant interactions. 
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General introduction 

Interactions between plants and their floral visitors are crucial for the reproduction 

evolution and ecology angiosperms, since flowers are essential resources for the ultimate 

production of fruits and seeds. The evolution and radiation of insects and flowering plants is 

certainly intertwined and may encompass a continuum from mutualist to antagonist interactions 

(Thompson 2005, Ollerton et al. 2007). Pollinators are recognized as one of the main drivers of 

evolution, since they exert selective pressures, which have enabled flowering plants to maximize 

their attractiveness to pollination vectors (Stebbins 1970, Fenster et al. 2004, Rosas-Guerrero et al. 

2014). However, floral advertisement does not always involve just interactions with mutualistic 

partners, since pollen and/or nectar thieves, robbers and florivores are frequently found visiting 

flowers (Shykoff et al. 1996, Bronstein 2007, McCall & Irwin 2006). Simultaneously, these non-

mutualistic partners can also exert selection pressures on some plant attributes and, primarily on 

flower attributes (McCall & Irwin 2006). 

Florivory is an important biotic interaction which is generally recognized as any damage 

caused by consumption of floral structures (including pre-anthesis floral buds and early-stage 

fruits) before fruit maturation and release of seeds (Burgess 1991). Specifically, florivory includes 

any consumption of floral tissues such as bracts, sepals, petals, stamens, pistils, as well as ovules 

and pollen grains (McCall & Irwin 2006). Florivory can be a phenomenon as extended and 

comprehensive as leaf herbivory, and its consumption rates can occur with equal or greater 

frequency than leaf or root herbivory in some plant communities (reviewed by Moreira et al. 2019). 

Flower-feeding organisms may include primates, bats, birds and, most frequently insects (Frame 

2003, McCall & Irwin 2006). Florivore insects comprise several orders and exhibit different 

foraging strategies including generalist herbivores (e.g. consuming any plant tissue) to specialist 

pollen collectors and/or strictly nectarivores (Inouye 1980, Frame 2003, McCall & Irwin 2006).  

Overall, pollinators and florivores forage by the same nutritional resources, such as pollen 

and nectar, while florivores may also feed on non-reproductive floral tissues without providing any 

pollination service (Strauss & Irwin 2004). As flowers demand high-energy investments for their 

production and maintenance (Roddy 2019), and because flowers are intrinsically related to 

reproduction, florivores can ultimate interfere with plant female and/or male reproductive success. 

The consequences of florivory for plant reproduction might be mediated by direct or indirect 
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effects, in which direct effects are those originated by the direct consumption of flower structures, 

while indirect effects are mainly driven by a decrease in floral attractiveness for pollinators after 

florivore attacks (Bronstein et al. 2007, Jones & Agrawal 2017). The possible outcomes of florivory 

are mainly dependent upon the amount and intensity of floral damage, and overall negative to plant 

fitness components (Moreira et al. 2019, Irwin 2010, Navarro & Medel 2009, Irwin et al. 2001, 

Mothershead & Marquis 2000). 

The floral attributes and investments in advertisement exhibited by a given plant species 

are the result of distinct selective forces between mutualistic pollinators, environmental conditions 

and floral antagonists (Strauss & Whittall 2006, Roddy et al. 2021). The relationship between floral 

advertisement and pollinator visits is relatively well documented. For instance, greater flower 

numbers have been related with increasing in pollinator visitation rates and, consequently greater 

fruit production (Brody & Mitchell 1997, Thompson 2001, Harder & Johnson 2005, Delmas et al. 

2014). Likewise, larger flowers have also been associated with greater advertisements to 

pollinators, with a subsequent increase in cross-pollination and reproductive success gains (Galen 

1996, Kudoh & Whigham 1998, Aigner 2005, Teixido & Valladares 2014). Long-lived flowers 

have shown to promote greater pollen transfer/reception resulting in increased pollinator visitation 

(Arista & Ortiz 2007). Concomitantly, greater flower numbers and floral size have also been 

reported to intensify the presence of florivores (Galen 1999, Teixido et al. 2011, Ruane et al. 2014), 

or favoring the incidence of nectar and pollen robbers (Irwin & Brody 1998, Wang et al. 2013, 

Lobo et al. 2016). 

Despite of the importance of florivory in angiosperm reproduction and maintenance in 

different ecosystems, just until recently pollination ecologists and entomologists have increased 

efforts to understand florivory mechanisms, consequences and dynamics. From an evolutionary 

perspective, both florivores and robbers can exert negative selective pressures on the same floral 

attributes selected positively by pollinators (Irwin et al. 2001, 2010, Strauss & Whittall 2006, 

Castro et al. 2008, Wang et al. 2013). In this way, an integrative approach of environmental 

conditions and biotic -mutualists and antagonist- partners can significantly improve the 

understanding of selective pressures on floral advertisement and, ultimately flower evolution 

(Strauss & Irwin 2004, Strauss & Whittall, 2006). Notwithstanding, the combined effects of 

selection mediated by the environment, pollinators and florivores still remains unstudied and 
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deserve more attention (Irwin 2006, Wang et al. 2013), especially in face of the threats imposed by 

global change, which is of particular importance in tropical communities. 

Campo rupestre encompass an ancient biodiversity hotspot which provides important 

ecosystem services, especially regarding water and food security for about 25 million people 

(Neves et al. 2016). In spite of its importance campo rupestre is under high anthropic disturbances, 

inadequate conservation policies and exotic species invasion (Silveira et al. 2016, Fernandes et al. 

2020). Particularly, campo rupestre landscapes face radical changes in land use due mainly to 

mining activities and urban expansion (Fernandes et al. 2016). Indeed, a predictive critical scenario 

estimates that 82% of campo rupestre areas may be lost in the near future (Fernandes et al. 2018). 

The aim of this study was to address the floral herbivory exerted by insect florivores in a campo 

rupestre plant community. By focusing on flower attributes and plant investments in floral 

advertisement, we expected to unveil insect florivores behavior, intensity, and subsequently, to 

quantify florivory in different plant phenology stages (pre-anthesis floral buds, open flowers and 

early-stage fruits) to detect the trends and mechanisms of floral herbivory in this speciose 

ecosystem. Furthermore, we tested the variation of florivory along an environmental gradient 

determined by changes in the elevation. 

This project was started in January 2017 and the samplings were carried out betrween May 

2018 and August 2019. Thirty fixed plots were set within the areas of the Long-Term Ecological 

Research of Serra do Cipó LTER-CRSC, CNPq/Fapemig (PELD in portuguese abbreviation) at 

Serra do Cipó, southeastern, Brazil. As the region is characterized by vegetation mosaics, all plots 

were set in rocky outrcops and avoiding Atlantic forest patches (capão de mata), gallery forests 

and/or Poaceae grasslands. This thesis is divided in two chapters; the first one reports the damages 

exerted by insect floral antagonists in the campo rupestre plant community, describing the nature 

of this plant-insect interaction and their relationship with some flower attributes (i.e. corolla shape, 

flower symmetry, floral rewards), and with plant advertisements to attract floral visitors (i. e. flower 

number, flower size and flowering period). In the second chapter we focused on the variation of 

damages by floral antagonists in space (elevation) and time (months of the year) during the 14-

month samplings. Furthermore, the variation between damages by floral antagonists and plant 

investments in flower attraction were also addressed in this mountaintop ecosystem.         
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CHAPTER 1 

Florivory in a biodiversity hotspot: trends, mechanisms and floral damages. 

 

Gélvez-Zúñiga I, Novais S, Santiago JC, Quesada M, Fernandes GW. 

 

Keywords: campo rupestre, floral attributes, floral damages, florivore insects, flower 

advertisement, insect-plant interactions. 

 

Introduction: 

Interactions between insects and plants are long-standing associations and the evolutionary 

history of both groups is intimately related in practically. Fossil insect-plant relationships include 

early herbivory records (c.a. 420-385Ma) and the effects of pollinators in angiosperm radiation (ca. 

125-90Ma) (Labandeira 2013). Such relationships may encompass interactions ranging from 

mutualisms such as pollination, neutral such as commensalism, to antagonisms like herbivory 

(Labandeira 2002). Pollination is a widely documented interaction which may involve obligate 

mutualism specialists, where a single species pollinates one plant species only, to facultative 

generalists, in which a broad range of floral visitors offers pollination services to the same plant 

species (Ollerton et al. 2007). About 85% of angiosperms are pollinated by biotic vectors, and in 

the tropics this number can rise up to 94%, which matches with a higher frequency of specialized 

pollination systems in tropical plant communities (Ollerton et al. 2011). Therefore, biotic 

pollination is a major factor related with the diversification of plant and animal groups (Dodd et al. 

1999, Ollerton et al. 2019). In addition, antagonist insect-plant interactions such as herbivory of 

vegetative tissues are also relatively well documented in most terrestrial habitats, reporting several 

impacts of herbivores in plant distribution, growth, defense strategies and fitness consequences 

(Kozlov et al. 2015, Mendes et al. 2021). However, an essential phenomenon such as floral 

herbivory and the consequences of flower consumption to plant are still poorly explored (McCall 

& Irwin 2006), but see meta-analysis by González-Browne et al. (2016). 

There are evidences of insect feeding on plant reproductive spores in natural systems since 

the late Silurian (approx. 434-444Ma) (Frame 2003), which suggests that the phenomenon of 

florivory might be as extended as leaf herbivory (Strauss et al. 2004, McCall & Karban 2006). In 

addition, florivores are found in many insect orders and it may encompass several food preferences 
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and strategies, including species from opportunistic consumers of floral tissues to obligatory 

feeding on flower structures (i.e. pollenivores) (Ehrlich & Raven 1964, McCall & Karban 2006). 

Also, it is plausible that florivore insects may equal or even exceed in number the pollinators as 

floral visitors, at least whe considering general pollination systems (Frame 2003, Ollerton et al. 

2007). Ecologically, florivory can comprise consequences connected to both herbivory and 

pollination. Plant reproduction, pollination success, plant investments in floral advertisement, and 

ultimately, flower evolution might be, at least partially, mediated by florivores (McCall & Irwin 

2006, Caruso et al. 2019). Hence, florivory may encompass different outcomes linked to the 

dynamics of plant communities, making essential the understanding of florivory patterns and 

mechanisms behind the insects who feed on flower tissues. 

The consequences of florivory in plant reproduction may result in two overall outcomes: i) 

direct trophic effects on gamete production or maturation affecting male and female plant fitness 

(Krupnick & Weis 1999, Canela & Sazima 2003); and ii) indirect non-trophic effects which may 

decrease the quality and quantity of floral attributes, reducing plant attractiveness to pollinators 

(Krupnick et al. 1999, Mothershead & Marquis 2000). As any other biotic relationship, florivory 

is a highly context dependent interaction. Since florivore insects harm floral structures they can 

reduce flower resource quality, thus interfering in the competition for pollinators with co-flowered 

individuals (Canela & Sazima 2003). Also, florivory may affect pollen supply for cross-pollination 

which can be critical in limited-pollen communities, or for anemophylous species (Bertness & 

Shumway 1992). Besides the plant biomass removal naturally by floral antagonists, florivory can 

alter plant source–sink dynamics induced by physiological changes in the damaged flowers 

(Krupnick & Weis 1999, Hargreaves et al. 2009, Irwin et al. 2010). Despite its relevance for plant 

reproductive success, there are some limitations when quantifying florivory due to the ephemeral 

nature of flowers. Also, because florivores usually exploit simultaneously and/or sequentially floral 

advertisement structures (petals and sepals) and gamete-bearing organs (carpels, anthers) (Riba-

Hernández & Stoner 2005). Finally, in response to insect herbivory, plants may overcompensate 

by increasing flower advertisement investments in new flowers or re-allocating resources to recent 

sired ovules, challenging to quantify the direct and indirect effects of florivory separately (Garcia 

& Eubanks 2019). 

Plants which relay in pollination have developed strategies to attract floral visitors and 

enhance partners' attraction, and these strategies involve investments in floral attributes and reward 
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advertising either between species and/or within individuals (Ashman & Morgan 2004). Pollinators 

are widely known for exerting positive selective pressures on floral advertisement attributes such 

as greater flower number, larger floral size, higher nectar concentration (Barrett & Harder 1996, 

Fenster et al. 2004). On the other hand, as florivore insects usually forage for the same floral 

resources than pollinators, florivory can neutralize pollinator positive selection by exerting 

negative impacts on attributes such flower number, size, and floral reward (Strauss et al. 1996, 

Lehtilä & Strauss 1997, Barber et al. 2011, Moreira et al. 2019). Therefore, those attraction 

attributes are predictable to undergo opposing selection pressures mediated by florivore effects 

(reviewed by Strauss & Whittall 2006), ultimately affecting negatively plant fitness (Bronstein et 

al. 2007, Jones & Agrawal 2017). Investments in larger flowers with open corollas, greater floral 

number production, and many-flowered pollination units have been linked to greater attraction of 

both pollinators and insect florivores (Cunningham 1995, Galen & Butchart 2003, Ashman et al. 

2004, reviewed by Strauss & Whittall 2006). Conflicting selection on flower color has been 

reported since both pollinators and herbivores have shown preferences for flowers with lower 

anthocyanin content (Strauss et al. 2004) or different color morphs (McCall et al. 2013). Florivory 

may diminish plant attraction to pollinators due to lower flower production induced in individuals 

with greater florivory levels (Jones & Agrawal 2017). 

The ancient campo rupestre (rupestrian grassland) ecosystem harbor a great biological 

diversity and endemism rates in South America (reviewed in Fernandes 2016, Silveira et al. 2019). 

Organisms that inhabit these remarkable environments are highly adapted to the harsh climate 

conditions, soil-nutrient deficits and dispersion limitation (Fernandes et al. 2018). Flowering plants 

of campo rupestre are predominantly wind or bee pollinated (Jacobi & Carmo 2011, Monteiro et 

al. 2021), however, the role and effects of antagonist flower visitors remains poorly explored 

(Guerra et al. 2016) but see Jacobi & Antonini (2008) and Gélvez-Zúñiga et al. (2018a). More than 

6,000 plant species were recorded in this mountain ecosystem, perhaps regarded as the hottest 

biodiversity hotspot in South America, given the increasing threats (Fernandes et al. 2020). This 

study, for the first time, addressed the patterns and the intensity of floral antagonists and its 

relationship with flower morphology and advertisement attributes in a speciose mountaintop plant 

community. We hypothesized that less restrictive floral attributes and plant investments in flower 

advertisement will prompt damages by florivore insects by favoring flower visitors to access floral 

rewards. We predicted that type of antagonist damage, number of floral buds, flowers and early-
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stage fruits with signs of florivore attack, and levels of petal removal would be greater in: i) flowers 

with open corolla shapes; ii) nectar producing flowers; iii) radial symmetry flowers; iv) solitary 

pollination units; and, v) species with diurnal anthesis. Additionally, we tested whether the greater 

plant investments in flower advertisement increases damage by insects on the flowers. We expected 

to find a greater presence of florivory, number of flowers with signs of florivore attack, and levels 

of petal removal in; i) individuals with lower number of open flowers; ii) species with larger 

flowers; and iii) species with longer flowering periods.  

 

Material and Methods: 

Study area 

This study was conducted in Serra do Cipó located in the southern part of the Espinhaço 

mountain range, Minas Gerais, Brazil. Sampling events were carried out montly May 2018 and 

August 2019, totalizing 14 campains (Fig. 1A). This mountain range harbor vegetation mosaics 

including quartzitic and ferruginous rocky outcrops, rocky and sandy grasslands, Atlantic Forest 

patches, gallery forests, while at lower elevations (~800 m. a.s.l.) the vegetation is dominated by 

Cerrado (savanna) (Fernandes et al. 2016). Campo rupestre is a fire-prone vegetation, with seasonal 

water deficit, and shallow, sandy, and nutrient impoverished soils (Fernandes 2016). The climate 

is humid subtropical, with wet warm summers (November-January) and dry cold winters (May to 

September). From February to April there is a post-rain period, while post-dry period occurs in 

October (Madeira & Fernandes 1999). In general, flowers and fruits are produced along the year 

in this plant community, with a slightly flowering peak between February-May, and the fruiting 

season occurring mainly from June to September (Madeira & Fernandes 1999, Belo et al. 2013, 

Rocha et al. 2016). The Angiosperm families Asteraceae, Melastomataceae, and Fabaceae are the 

most species-rich families, while at the genus level Velloziaceae and Xyridaceae are particularly 

well represented (Mota et al. 2018). In this megadiverse ancient ecosystem, where species face 

distribution constraints and several are threatened (Fernandes et al. 2020), many genera are 

endemic and/or reach their highest diversity (Rapini et al. 2008, Silveira et al. 2016). Despite the 

remarkable biodiversity, campo rupestre faces high disturbances caused by mining, fire 

encouraged by the cattle industry, biological invasion, harvesting of endemic ornamental plants, 

uncontrolled tourism and urban expansion, and eucalypt plantations (Kolbek & Alves 2008, 

Fernandes et al. 2018). Although its recognition as a conservation priority area in Brazil, strict 
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protection conservation units are poorly consolidated and, together with permissive policy for 

natural resources exploitation, these areas are at imminent disappearance risk in the near future 

(e.g., Barbosa & Fernandes 2016, Pena et al. 2017, Fernandes et al. 2020, Hoffman et al. 2020). 

 

 

Figure 1. Study area location in the Espinhaço mountain range within the long-term ecological research site Serra do 

Cipó (LTER-CRSC), southeastern Brazil. Samplings occurred monthly between May 2018 and August 2019 in thirty 

plots. a) Area map and details of the plot location sampled to record floral damages exerted by insects; b) the three 

dominant vegetation types where the plots were set along the LTER-CRSC landscape; c) types of damages exerted by 

floral antagonists recorded to quantify the proportion of attack flowers.      

 

Sampling 

Antagonist damage type and presence of florivory 

To address the intensity and damages exerted by florivore insects we sampled all the 

flowering plants in thirty fixed plots (15 × 15m), approximately 500 m apart from each other, 

distributed along the Serra do Cipó, ranging from 823 to 1411 m.a.s.l., during 14 months (Fig. 1a, 
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b). In each plot, all the flowering individuals were recorded and the number of open flowers, pre-

anthesis floral buds, and early stage fruits with damages by antagonists was quantified. Up to ten 

individuals from the same plant species were registered in every plot, and the following response 

variables were recorded to account for insect florivory: i) the antagonist damage type (florivory, 

robbery or none); ii) the presence of florivory; iii) the proportion of damages present on open 

flowers (hereafter attacked flower), pre-anthesis floral buds (hereafter attacked bud), and early 

stage fruits (hereafter attacked fruit) per plant individual; and iv) the level of petal removal 

(hereafter removal level) of each attacked flower. Damages were considered florivory if flowers 

exhibited any harm to its structures as a result of insect foraging on tissues, nectar and/or pollen 

according to McCall & Irwin (2006). For the antagonist damage type variable, we divided robbing 

and florivory damages to estimate the frequency of each behavior in the plant community. Nectar-

robbing was considered as any perianth holes present on flowers resulting from illegitimate nectar 

foraging, while pollen-robbing was considered as any anther removal according to Inouye (1980) 

and McCall & Irwin (2006) (Fig. 1c). Petal removal levels were visually estimated for every 

damaged flower in plant individuals and it represents the proportion (0 to 1) of the total area 

removed from the corolla by florivores on every attacked flower. 

 

Proportion of florivory, floral attributes and floral advertisement 

To test if less restrictive flowers favor florivory damages and levels, the reward offered by 

flowers and five morphological attributes related to flower visitation (corolla shape, symmetry, 

pollination unit, corolla color, and time of anthesis) related to flower visitation were recorded for 

each plant species sampled (Table 1). The type of reward (nectar, pollen, or oil) of each plant 

species was categorized based on field observations and/or literature searching. The corolla shapes 

were grouped into three categories according to reproductive structures exposure and/or openly 

disposed to collect rewards; Close, Intermediate, and Open (modified from Faegri & Pijl 1979, and 

Simpson 2019). The flower symmetry was categorized as actinomorphic, asymmetric or 

zygomorphic to assess if radial symmetry flowers are more attacked by florivores. The pollination 

units were categorized as solitary flowers or inflorescences. The anthesis period for each plant 

species was recorded to test if diurnal species are more attacked by florivores than crepuscular 

and/or nocturnal ones. Finally, to test if the prevailing corolla color to human vision (hereafter 

corolla color) influences florivory, colors were classified as greenish, orange, red, rose, violet 
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(including blue), white, and yellow (Kearns & Inouye 1993, adapted from Machado & Lopes 

2004).  

To address if greater floral attractivity investments influence the presence of florivore 

insects and signs of petal removal, the total number of open flowers (hereafter flower number) per 

individual, the species flower size (hereafter flower size), and the amount of months each plant 

species flowered during the sampling period (hereafter flowering period) for every species found 

in plots were recorded. The flower number was quantified by the total number of open flowers 

(counting both attacked or not by florivores) on each plant individual per plot (N=30) on each 

sampling event (N=14). Flower size was categorized as small (less than 10 mm), medium (between 

10-20 mm), large (between 20-30 mm), and very large (more than 30 mm) (adapted from Machado 

& Lopes 2004) (Table 1). Finally, the total number of months in which each sampled plant species 

showed open flowers during the sampling (hereafter flowering period) was recorded. 

 

Table 1. Flower morphology and plant advertisement attributes registered for each plant species to assess the presence 

of insect floral antagonists in a campo rupestre plant community, southeastern, Brazil. Samplings between May 2018 

and August 2019.  

 

Floral attributes 

Floral reward  Nectar Oil  Pollen  

Corolla shape Open 

Brush 

Campanulate 

Coronate 

Cruciate 

Disk 

Infundibular 

Ligulate 

Rotate 

Intermediate 

Bilabiate 

Salverform  

Tubular 

Unguiculate 

Close 

Cuculate 

Gullet 

Papilionaceus 

Spurred 

Urceolate   

Flower 

symmetry 
Actinomorphic 

 

Asymmetric  

 

Zygomorphic  

 

Pollination unit Solitary  

 

Inflorescence  
  

Time of anthesis Diurnal 
 

Crepuscular  
 

Nocturnal  
 

Corolla color 
 

Yellow 
 

Orange 
 

Red 
 

Violet 
 

Rose 
 

White 
 

Greenish 

Flower size (mm) Small <10 Medium 10-20 Large 20-30 
Very 

large 
>30 
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All insects found on flowers during the sampling on plots were observed to categorize their 

behavior, and then collected and preserved for later identification. Each insect was classified 

according to its functionality as potential pollinator (Fenster et al. 2004), florivore (McCall & Irwin 

2006), robber, or thieve (Inouye 1980); for species that exhibit more than one behavior, all were 

recorded. When contacting both female and male reproductive structures while visiting flowers, 

the insect was considered as a potential pollinator. Florivores were considered insects that harm 

flowers and/or floral buds when chewing floral structures (i.e. bracts, sepals, petals, stamens or 

stigmas) as described in McCall & Irwin (2006). Robbers are visitors which produce holes in floral 

structures when removing nectar without providing pollination services (Inouye 1980, Irwin et al. 

2001), while thieves forage for pollen or nectar without causing any morphological harm to flowers 

(sensu Inouye 1980; adapted from Irwin et al. 2010), but again without contributing to plant 

reproduction. Insects and plant material were collected, preserved and processed following 

standard techniques, and are provisionally in the Laboratório de Ecologia Evolutiva e 

Biodiversidade from the Federal University of Minas Gerais waiting for cataloging process in the 

Federal University of Minas Gerais Herbarium (BHCB) and the Taxonomic Collections Center 

(CCT-UFMG). Some insect specimens were donated to specialist taxonomists as counterparts for 

taxonomic identifications (see Acknowledgments).  

 

Data analyses 

To test if less restrictive floral attributes and flower advertisement investments influence 

the antagonist damage type variable we performed chi-square tests, in which corolla shape, reward, 

symmetry, pollination unit, color, and anthesis time, size, flower number, size, and flowering 

period were used as explanatory variables, and antagonist damage type as response variable. To 

test the hypothesis that less restrictive floral attributes and greater floral advertisement increase 

damages by florivore insects, Generalized Linear Mixed Models (GLMMs) were constructed using 

flower and advertisement attributes (corolla shape, reward, symmetry, pollination unit, color, and 

anthesis time, size, flower number, size, and flowering period) as explanatory variables and the 

proportion of floral buds and flowers attacked by florivores as response variables. As plot and 

sampling events (1 to 14) were repeatedly measured, we considered them as random effects. To 

test if less restrictive floral attributes and floral advertisement will increase levels of florivory, 

GLMMs were constructed using level of petal removal as response variable, and flower attributes 
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as explanatory variables. Plot, sampling events and plant individuals we considered as random 

effects. All GLMMs were fitted using the ‘lme4′ package considering a ‘Binomial’ error 

distribution, and for posteriori comparisons the ‘lsmeans’ package was used. Analyses were 

performed using the R software v.4.0.2 (R Development Core Team, 2021).   

 

Results: 

We recorded 207 angiosperm species grouped into 46 plant families (Table S1). Asteraceae 

was the most species-rich family with 36 out of the 207 species, followed by Melastomataceae with 

25 species, Fabaceae with 22 species, Velloziaceae with 12 species, and Rubiaceae with 11 species. 

Altogether, these five families were represented by 106 species or 51% of the sampled community. 

Melastomataceae was the plant family with most abundant number of individuals, exhibiting 21% 

(2,587 out of 12,430) of total individuals sampled. The following most abundant families in terms 

of individuals were Asteraceae (15%), Xyridaceae (9.8%), and Malpighiaceae and Lythraceae with 

8% each (Table 2). Altogether, these five families were represented by 7,727 individuals or 62% 

of all sampled individuals. Floral attributes are differentially distributed among plant families, and 

variations in corolla shape (χ2= 203.33, p<0.001), floral reward (χ2= 227.28, p<0.001), flower 

symmetry (χ2= 177.25, p<0.001), pollination unit (χ2= 954.19, p<0.001), time of anthesis (χ2= 

106.26, p<0.001), prevailing corolla color (χ2= 384.23, p<0.001) and flower size (χ2= 625.77, 

p<0.001) were detected when comparing the 46 plant families sampled (Table S2). Among the 

most abundant plant families, intermediate corolla shape is the most common and only Xyridaceae 

family showed solely open corolla flowers. Pollen flowers are present in Melastomataceae, 

Lythraceae and Fabaceae families, while Asteraceae and Lythraceae showed nectar flowers, and 

Malpighiaceae showed only oil flowers. These families include species with both actinomorphic 

and zygomorphic symmetry, but Malpighiaceae family shown only zygomorphic flowers. 

Asteraceae and Xyridaceae families are the only ones that have only solitary flowers, while the rest 

of the most abundant plant families show both, solitary flowers and inflorescences. Lastly, the five 

most abundant plant families have species with diurnal anthesis, with Xyridaceae and Lythraceae 

having only diurnal anthesis species, while Asteraceae and Malpighiaceae also have some 

nocturnal and crepuscular species, and Melastomataceae having species with the three types of 

anthesis. 
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The floral damages exerted by insects (both florivores and robbers) in the campo rupestre 

plant community comprised 26% (3,232 out of 12,340) of all recorded plant individuals. In terms 

of flowers, 7% (7548 out of 98386) showed signs of petal removal by florivore insects. The type 

of damages exerted by florivores more frequently found in the campo rupestre plant community 

are detailed in the Figure 2. Melastomataceae family showed 35% of all florivory damages with 

1133 out of 3,232 individuals, followed by Lythraceae with 301 (9%), Velloziaceae with 297 (9%), 

Fabaceae with 294 (9%) and Malpighiaceae with 265 (8%) (Table 2). Altogether, these five 

families represented 70% of all individuals with florivory. Individuals from Bromeliaceae, 

Erythroxilaceae, Malvaceae, Rhamnaceae, Salicaceae and Solanaceae families did not show any 

floral damages exerted by insects, and altogether represented 0.3% of the total plant community 

with just 34 out 12,340 individuals. 

 

Table 2. Proportion of damages exerted by florivores on plants in a campo rupestre plant community, southeastern, 

Brazil. The plant family species richness and abundance, proportion (mean ± SD) of pre-anthesis floral buds, open 

flowers, early stage fruits, and petal removal. 

 

 

Family Richness Abundance Floral buds Open flowers Early fruits Petal removal  

Acanthaceae 1 177 0.027 ± 0.10 0.108 ± 0.25 0.004 ± 0.039 0.37 ± 0.23 

Amaranthaceae 1 140 0   0.040 ± 0.15 0.014 ± 0.119 0.19 ± 0.15 

Apocynaceae 3 106 0.057 ± 0.22 0.060 ± 0.22 0   0.38 ± 0.28 

Aquifoliace 1 18 0.007 ± 0.03 0.031 ± 0.12 0   0.50 ± 0.33 

Asteraceae 36 1858 0.012 ± 0.09 0.049 ± 0.19 0.003 ± 0.049 0.27 ± 0.21 

Bignoneaceae 2 19 0.020 ± 0.08 0.403 ± 0.40 0.038 ± 0.162 0.39 ± 0.28 

Bromeliaceae 2 19 0.039 ± 0.12 0   0   0   

Calophyllaceae 1 54 0.050 ± 0.20 0.352 ± 0.43 0   0.20 ± 0.12 

Convolvulaceae 5 233 0.020 ± 0.10 0.162 ± 0.34 0.004 ± 0.037 0.25 ± 0.18 

Droseraceae 2 31 0   0.048 ± 0.19 0   0.20 ± 0.10 

Ericaceae 4 118 0.038 ± 0.17 0.077 ± 0.18 0.019 ± 0.130 0.29 ± 0.20 
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Eriocaulaceae 1 10 0   0.100 ± 0.32 0   0.15 ± 0.05 

Erythroxilaceae 1 1 0   0   0   0   

Euphorbiaceae 1 20 0   0.025 ± 0.11 0.017 ± 0.073 0.50 ± 0.00 

Fabaceae 22 828 0.065 ± 0.21 0.207 ± 0.34 0.003 ± 0.048 0.30 ± 0.20 

Gentianaceae 3 88 0.019 ± 0.09 0.165 ± 0.34 0.011 ± 0.106 0.32 ± 0.25 

Iridaceae 5 80 0.038 ± 0.17 0.144 ± 0.35 0   0.21 ± 0.16 

Lamiaceae 4 374 0.017 ± 0.09 0.090 ± 0.23 0   0.24 ± 0.18 

Lentibulariaceae 1 17 0   0.235 ± 0.44 0   0.10 ± 0.00 

Loganiaceae 2 159 0.035 ± 0.17 0.113 ± 0.28 0   0.29 ± 0.20 

Loranthaceae 1 2 0   0 ± 0.00 0   0   

Lythraceae 6 996 0.027 ± 0.13 0.148 ± 0.28 0.003 ± 0.055 0.38 ± 0.25 

Malpighiaceae 9 1077 0.014 ± 0.09 0.119 ± 0.26 0.007 ± 0.076 0.30 ± 0.22 

Malvaceae 1 2 0.048 ± 0.05 0 ± 0.00 0   0   

Melastomataceae 25 2587 0.076 ± 0.21 0.275 ± 0.38 0.003 ± 0.052 0.31 ± 0.22 

Myrtaceae 3 44 0.023 ± 0.15 0.185 ± 0.36 0   0.32 ± 0.19 

Ochnaceae 5 192 0.070 ± 0.20 0.217 ± 0.34 0.001 ± 0.009 0.31 ± 0.23 

Onagraceae 1 6 0   0 ± 0.00 0   0   

Orchidaceae 7 64 0.031 ± 0.17 0.060 ± 0.23 0   0.29 ± 0.21 

Orobanchaceae 5 108 0.042 ± 0.16 0.082 ± 0.23 0.009 ± 0.096 0.30 ± 0.18 

Oxalidaceae 1 8 0.258 ± 0.37 0.063 ± 0.18 0   0.10 ± 0.00 

Phyllanthaceae 1 80 0.018 ± 0.12 0.042 ± 0.14 0.026 ± 0.119 0.22 ± 0.14 

Polygalaceae 2 116 0.007 ± 0.05 0.015 ± 0.11 0   0.13 ± 0.05 

Polygonaceae 2 177 0.032 ± 0.12 0.040 ± 0.13 0.022 ± 0.133 0.32 ± 0.20 

Rapateaceae 1 5 0   0   0   0   

Rhamnaceae 1 10 0   0   0   0   



27 
 

Rubiaceae 11 204 0.016 ± 0.11 0.082 ± 0.21 0.003 ± 0.026 0.29 ± 0.19 

Salicaceae 1 1 0   0   0   0   

Sapindaceae 2 18 0.056 ± 0.23 0.116 ± 0.21 0   0.20 ± 0.18 

Solanaceae 1 1 0   0   0   0   

Turneraceae 1 101 0.057 ± 0.18 0.110 ± 0.26 0.030 ± 0.170 0.26 ± 0.15 

Velloziaceae 12 479 0.114 ± 0.29 0.560 ± 0.47 0   0.36 ± 0.24 

Verbenaceae 3 171 0.008 ± 0.08 0.046 ± 0.17 0   0.30 ± 0.22 

Vochysiaceae 2 317 0.080 ± 0.23 0.210 ± 0.36 0.005 ± 0.041 0.48 ± 0.27 

Winteraceae 1 15 0.040 ± 0.15 0.033 ± 0.13 0   0.38 ± 0.19 

Xyridaceae 4 1209 0.004 ± 0.06 0.063 ± 0.23 0     0.31 ± 0.22 

Total 207 12,340 1.463 ± 0.15 4.873 ± 0.22 0.226 ± 0.081 10.69 ± 0.18 
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Figure 2. Type of damages exerted by florivore insects on plant species in campo rupestre between May 2018 and 

August 2019 at Serra do Cipó, southeastern, Brazil. a) Petal removal in Pleroma villosissimum (Melastomataceae), 

b) petal removal in Diplusodon lanceolatus (Lythraceae), c) petal removal and pollen robbing in Vellozia variabilis 

(Velloziaceae), d) petal removal and pollen robbing in Vellozia epidendroides (Velloziaceae), e) petal removal in 

Vellozia sp. (Velloziaceae), f) pollen robbing in Barbacenia blackii (Velloziaceae), g) petal removal in Lavoisiera 

mucorifera (Melastomataceae), h) ligule removal in Aspilia foliosa (Asteraceae), i) petal removal in Vellozia 

caruncularis (Velloziaceae), j) pollen robbing in Chamaecrista ochnacea (Fabaceae), k) petal removal in 

Banisteriopsis campestris (Malpighiaceae), and l) petal removal in Ipomoea procurrens (Convolvulaceae). 
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We collected 353 insects on flowers grouped into 10 orders, 31 families and 120 insect 

morphospecies (Table 3). Greater insect abundance and richness were found in the Hymenoptera 

and Coleoptera orders, with 172 and 152 individuals, and 54 and 51 morphospecies, respectively. 

Both Coleoptera and Hymenoptera orders represented 92% (324 out of 353) of all insects collected. 

Florivory was the most common behavior exerted by insect species, representing 43% (145 out of 

353), followed by thieving 24% (86), robbery 17% (61), and potential pollinators 12% (43), 

whereas just 5% of all insect species showed more than one behavior when accessing flowers. As 

for the most abundant orders, beetles behaved as florivores in 90% of their visits (137 out of 152) 

(Fig. 3a, b, i, l), while robbing represented 6%, and thieving (4%) (Fig. 3f, l). Within 

hymenopterans, ants behaved more frequently as thieves with 83% of their visits (73 out 88 

records) (Fig. h), followed by robbery with 14%. Hymenopteran species that showed more than 

one behavior when visiting flowers were the ant Camponotus rufipes Fabricius, 1775 (Fig. 3g) 

which acted as florivore and robber, the bee Ceratina sp. that behaved as potential pollinator and 

thieve, and the bees Apis mellifera Linnaeus, 1758, Augochlora sp., Tetrapedia sp. and Trigona 

spinipes Fabricius, 1793 which performed robbing and potential pollinator visits. Interestingly, 

bees were the only group that performed all behaviors when visiting flowers with a total of 78 

records. Bees acted as potential pollinators in 55% of their visits (43 out of 78), followed by robbing 

with 22% (17), species with more than one behavior with 20%, while thieving represented 3%. 

Lastly, the four wasp species collected behaved as robbers. Altogether, Hemiptera (Fig 3c), 

Lepidoptera, Diptera, Orthoptera (Fig. 3e, d, k), Mantodea, Blatodea, Phasmida and Araneae 

represented 8% (29 out of 353) from all the insects recorded (see details of all insect species in 

Table 3). 
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Figure 3. Floral damages exerted by insects when visiting plant species from campo rupestre at Serra do Cipó, southern 

Espinhaço range (Brazil) between May 2018 and August 2019. a) Chrysomelidae beetle behaving as florivore in 

Microlicia sp. (Melastomataceae); b) Curculionidae beetle behaving as florivore in Barbacenia flava (Velloziaceae); 

c) Hemipteran behaving as florivore in Chromolaena squalida (Asteraceae); Orthopteran immature behaving as 

florivore in d) Kielmeyera regalis (Calophyllaceae) and e) Marcetia taxifolia (Melastomataceae); f) Lasionata sp. 

beetle behaving as thieve in Vellozia sp. (Velloziaceae); g) Camponotus rufipes behaving as robber in Heteropterys 

pteropetala (Malpighiaceae); h) ant Linepithema micans behaving as thieve in Vellozia variabilis (Velloziaceae); i) 

Conognatha compta beetle behaving as florivore in Lavoisiera sp. (Melastomataceae); j) Hyperantha sp. beetle 

behaving as florivore in Pleroma heteromallum (Melastomataceae); k) Orthopteran behaving as florivore in Richterago 

sp. (Asteraceae); l) Chrysomelidae beetle behaving as thieve in Microlicia sp. (Melastomataceae).  
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Table 3. Insects behaving as floral antagonists and/or potential pollinators when visiting plant species from campo 

rupestre at Serra do Cipó, southern Espinhaço range (Brazil) between May 2018 and August 2019. Behavior (Flo: 

florivore, Pol: potential pollinator, Rob: nectar-robber, Thi: flower thieve), Plants: number of sampled plant species 

visited, floral Reward (N: nectar, O: oil, P: pollen, T: floral tissue). 

 

Group Behaviour Species  Abund. Plants Reward  

Ant  Flo-Rob-Thi Camponotus rufipes Fabricius, 1775 19 10 N-P-T 

Ant  Rob-Thi Camponotus crassus Mayr, 1862 6 5 P-T 

Ant  Rob-Thi Cephalotes pusillus Klug, 1824 12 7 P-T 

Ant  Rob-Thi Dorymeyrmex sp1 1 1 P-T 

Ant  Thi Acromyrmex subterraneus Forel, 1893 1 1 P 

Ant  Thi Brachymirmex cordemoyi Forel, 1895 1 1 P 

Ant  Thi Camponotus melanoticus Emery, 1894 1 1 N 

Ant  Thi Camponotus novogranadensis Mayr, 1870 1 1 N 

Ant  Thi Camponotus westermanni Mayr, 1862 1 1 N 

Ant  Thi Cephalotes minutus Fabricius, 1804 1 1 P 

Ant  Thi Crematogaster sp1 2 2 P 

Ant  Thi Crematogaster sp2 1 1 P 

Ant  Thi Ectatomma brunneum Smith, F., 1858 4 3 P 

Ant  Thi Ectatomma tuberculatum Olivier, 1792 3 3 P 

Ant  Thi Linepithema micans Forel, 1908 34 14 N 

Bee Pol Halictidae sp1 1 1 N 

Bee Pol Paratetrapedia sp. 1 1 N 

Bee Pol Trigonopedia sp. 1 1 N 

Bee Pol Anthrenoides sp. 1 1 N 

Bee Pol Augochloropsis multiplex Vachal, 1903 3 1 N 

Bee Pol Augochlora sp2 1 1 N 



32 
 

Bee Pol Augochlora sp3 2 2 N 

Bee Pol Augochlora sp4 1 1 N 

Bee Pol Augochlora sp5 1 1 N 

Bee Pol Augochloropsis sp. 2 1 N 

Bee Pol Bombus morio Swederus, 1787 5 3 N 

Bee Pol Bombus pauloensis Friese, 1913 5 3 N 

Bee Pol Centris trigonoides Lepeletier,1841 1 1 N 

Bee Pol Ceratina (Crewela) sp1 2 2 N 

Bee Pol Ceratina (Crewela) sp3 2 2 N 

Bee Pol Coelioxys sp. 1 1 N 

Bee Pol Dicranthidium arenarium Ducke, A. 1907 1 1 N 

Bee Pol Lasioglossum sp1 2 2 N 

Bee Pol Monoeca sp. 1 1 N 

Bee Pol Pseudaugochlora graminea Fabricius, 1804 2 1 N 

Bee Pol Xylocopa hirsutissima Maidl, 1912 1 1 N 

Bee Pol-Rob Augochlora sp1 1 1 N-P 

Bee Pol-Rob Trigona spinipes Fabricius, 1793 9 4 N-P 

Bee Pol-Rob Xanthopedia sp1 2 2 N-P 

Bee Pol-Rob Apis mellifera Linnaeus, 1758 7 14 N-P 

Bee Pol-Rob Tetrapedia sp. 9 5 O-N-P 

Bee Pol-Thi Ceratalictus sp. 6 5 N-P 

Bee Pol-Thi Ceratina (Crewela) sp2 1 1 N-P 

Bee Pol-Thi Megachile sp. 3 1 N-P 

Bee Rob Xylocopa nogueirai Hurd & Moure, 1960 1 1 P 

Bee Rob Xylocopa sp. 1 1 P 
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Bee Rob Exomalopsis auropilosa Spinola, M. 1853 1 1 O-P 

Bee Rob Lasioglossum (Dialictus) sp 2 2 P 

Beetle Flo Hoplopyga albiventris Gory & Percheron, 1833 1 1 T 

Beetle Flo Coccinelidae sp18 5 1 T 

Beetle Flo Coccinelidae Sp23 1 1 T 

Beetle Flo Tenebrionidae sp24 1 1 T 

Beetle Flo Astylus sp35 2 1 T 

Beetle Flo Chrysomelidae sp1 7 6 T 

Beetle Flo Chrysomelidae sp10 1 1 T 

Beetle Flo Chrysomelidae sp11 1 1 T 

Beetle Flo Chrysomelidae sp12 2 1 T 

Beetle Flo Chrysomelidae sp13 1 1 T 

Beetle Flo Chrysomelidae sp14 6 5 T 

Beetle Flo Chrysomelidae sp15 1 1 T 

Beetle Flo Chrysomelidae sp16 11 9 T 

Beetle Flo Chrysomelidae sp17 17 10 T 

Beetle Flo Chrysomelidae sp19 1 1 T 

Beetle Flo Chrysomelidae sp20 2 2 T 

Beetle Flo Chrysomelidae sp21 1 1 T 

Beetle Flo Chrysomelidae sp22 4 3 T 

Beetle Flo Chrysomelidae sp3 4 3 T 

Beetle Flo Chrysomelidae Sp4 1 1 T 

Beetle Flo Bruchinae sp51 1 1 T 

Beetle Flo Chrysomelidae sp6 2 2 T 

Beetle Flo Chrysomelidae sp7 1 1 T 
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Beetle Flo Chrysomelidae sp8 3 3 T 

Beetle Flo Chrysomelidae sp9 4 4 T 

Beetle Flo Agrilus sp 7 3 T 

Beetle Flo Agrilus sp2 1 1 T 

Beetle Flo-Thi Conognatha compta Pery, 1830 7 6 N-T 

Beetle Thi Conognatha macleayi Donovan, 1825 1 1 P 

Beetle Thi Hyperantha sp27 1 1 P 

Beetle Thi Lampetis rudicollis Gory, 1840  1 1 P 

Beetle Thi Lasionata sp26 1 1 P 

Beetle Flo Chauliognathus tixieri Pic, 1948  1 1 T 

Beetle Flo-Thi Chauliognathus steinbachi Pic, 1930 11 8 N-T 

Blattodea Flo Blattidae sp71 1 1 T 

Crab spider Thi Xysticus sp. 1 1 P 

Cricket Flo Tettigoniidae nymph  1 3 T 

Cricket Flo Acrididae nymph 1 1 T 

Fly Thi-Rob Euxesta sp. 3 3 N 

Fly Thi Pseudodorus clavatus Fabricius, 1794 1 1 N 

Fly Thi Simulium sp. 1 1 N 

Hemipteran Rob Chariesterus sp. 1 1 N 

Hemipteran Rob Coreidae sp54 2 2 N 

Hemipteran Rob Coreidae sp55 1 1 N 

Hemipteran Rob Coreidae sp56 1 1 N 

Hemipteran Rob Alydidae sp57 1 1 N 

Hemipteran Rob Hemiptera nymph 1 1 N 

Hemipteran Rob Alydidae sp60 1 1 N 
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Hemipteran Thi Aphis sp. 1 1 N 

Lepidoptera Flo Leucanella sp.  4 4 T 

Lepidoptera Thi Danaus gilippus Cramer, 1776 1 1 N 

Lepidoptera Thi Parides bunichus Boisduval, 1836 1 1 N 

Mantid Rob Acontistidae sp. 2 2 T 

Phasmid Rob Ceroys sp. 1 1 T 

Wasp Rob Ammophila sp. 1 1 N-P 

Wasp Rob Campsomeris ianthina Bradley, 1945  1 1 N-P 

Wasp Rob Polybia ignobilis Haliday, 1836 1 1 P-T 

Wasp Rob Zeta argillaceum Linnaeus, 1758 1 1 P-T 

Wasp Thi Polybia occidentalis Olivier, 1792 1 1 N-P 

Wasp Thi Polybia sericea Olivier, 1792 1 1 N-P 

Weevil Flo Baridinae sp41 1 1 T 

Weevil Flo Baridinae sp43 2 2 T 

Weevil Flo Baridinae sp44 2 2 T 

Weevil Flo Baridinae sp45 2 2 T 

Weevil Flo Baridinae sp46 2 2 T 

Weevil Flo Entiminae sp39 3 3 T 

Weevil Flo Curculionidae sp42 1 1 T 

Weevil Flo Curculionidae sp47 3 2 T 

Weevil Flo Baridinae sp48 5 5 T 

Weevil Flo Baridinae sp49 4 3 T 

Weevil Flo Entiminae sp52 1 1 T 

Weevil Flo Baridinae sp53 14 10 T 

  

Antagonist damage type and presence of florivory 
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Florivory represented 94.5% of damages exerted by insects (3,164 out of 3,348), robbery 

5.2% (176), and thieving 0.3% (8). As expected in our hypothesis, less restrictive floral attributes 

such as open corollas, actinomorphic symmetry, solitary pollination units and diurnal anthesis 

flowers showed greater types of floral damages exerted by insects. In open corolla flowers, 

florivory accounted for 58% of damages and it was twice as much as intermediate, and 4.2 times 

greater than in close corollas. Robbery represented 51% of damages in open corolla flowers and 

was 1.5 times bigger than in intermediate and 2.8 times bigger than in close corollas (χ2=16.189, 

N= 12,340, p=0.0033) (Fig. 4a). In flowers with actinomorphic symmetry, florivory represented 

66% of damages and it was 2.5 times greater than in zygomorphic and 8.2 times greater than in 

asymmetric flowers (χ2=99.192, N= 12,340, p <0.001). Robbery accounted for 78% of damages in 

actinomorphic flowers and it was 4.7 times larger than in zygomorphic and 15.88 times larger than 

in asymmetric (Fig. 4b). In flowers arranged in solitary pollination units, 1,608 out of 3,164 

damages were made by florivores, representing 51%. Robbery in solitary flowers was 2.2 times 

greater than in flowers grouped in inflorescences (χ2=696.39, N= 12,340, p <0.001) and represented 

58% of damages. In flowers with diurnal anthesis florivory damages represented 93% (3,066 out 

of 3,164) and robbery damages 94% (173 out of 184) when compared to flowers with crepuscular 

and nocturnal anthesis (χ2=33.924, N= 12,340, p <0.001). Remarkably, pollen reward flowers 

showed more types of damages than nectariferous flowers, contrary to expected in the less 

restrictive flowers hypothesis. Pollen reward flowers showed 58% of damages by florivores and it 

was 1.8 times greater than in nectariferous flowers, and 6.8 times greater than in oil flowers. 

Robbery in pollen flowers was 1.3 larger than in nectariferous flowers and 10 times larger than in 

oil flowers (χ2=281.48, N= 12,340, p <0.001) (Fig. 4c). Lastly, plants with greater investments in 

floral advertisement showed more types of damages by florivores, as expected. We found that 43% 

of damages on large and very large flowers were exerted by florivores and it was 1.2 times greater 

than in medium flowers and 1.9 times greater than in small flowers. Large and very large flowers 

had 1.2 more robbery damages than medium flowers and 2.8 times more robbery than small flowers 

(χ2=394.62, N= 12,340, p <0.001) (Fig. 4d). Greater flowering periods favored florivory damages 

since species that flowered during up to 10 to 14 months showed 71% (2,240 out of 3,164) of 

florivory damages and 70% (129 out of 184) of robbery damages (χ2=466.57, N= 12,340, p 

<0.001). 
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Figure 4. Incidences and types of floral damages exerted by insects recorded between May/18 and August/19 in thirty 

campo rupestre vegetation plots at Serra do Cipó, Minas Gerais, Brazil. a) Corolla shape (modified from Faegri & Pijl 

1979); b) type of flower symmetry; c) type of floral reward; d) overall flower size, small (<10 mm), medium (10-20 

mm), large (20-30 mm), very large (>30 mm)). 

 

Proportion of florivory, floral attributes and floral advertisement 

The proportion of flowers attacked was greater in solitary pollination units than 

inflorescences (χ2=462.75, p <0.001, Fig.5a). Species with diurnal anthesis also showed greater 

flower attack when compared to nocturnal anthesis, but there was no difference of flower attack 

between crepuscular and diurnal species (χ2=28.763, p <0.001, Table 3). Contrary to the expected 

in the less restrictive floral attributes hypothesis, the proportion of attacked flowers showed no 

differences between open and close corollas and there were both higher than in intermediate corolla 

flowers (Fig. 5d, Table 3). Nectariferous flowers were less attacked than pollen flowers and the 

roportion of flower attack was no different between nectarifeorus and oil-producing flowers (Table 

3). Also, the actinomorphic flower symmetry showing greater flower attack prediction was not 

confirmed since the greater proportion of attack was on asymmetric flowers.  
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However, actinomorphic flowers suffered greater flower attack when compared only to 

zygomorphic symmetry (χ2=109.63, p<0.001). The greater flower attack on plants with higher 

investments in floral advertisement hypothesis was partially corroborate for flower size since large 

flowers showed greater flower attack than medium and small flowers, but very large flowers 

showed smaller attack than large flowers (χ2=469.74, p<0.001) (Table 4). Plant species with longer 

flowering period showed slightly greater flower attack proportion as expected in the flower 

investment hypothesis (Fig. 5b). Finally, the proportion of flowers attacked by florivores slightly 

diminished in individuals with greater floral numbers (Fig. 5c, Table 4). 

Flowers arranged in solitary pollination units showed greater proportion of buds attacked 

by florivores when compared to flowers grouped in inflorescences (χ2=84.541, p<0.001). Also, 

differences in the proportion of floral bud attack was not detected for species with actinomorphic 

and asymmetric; however, both showed higher attack than zygomorphic flowers (χ2=38.272, 

p<0.001, Fig. 6a). Contrary to expected in the less restrictive flowers hypothesis, a greater 

proportion of floral bud attack was found in pollen flowers when compared to nectarifeorus and 

oil-producing flowers (χ2=66.002, p<0.001, Fig. 6b). Moreover, plant species with crepuscular 

anthesis showed greater proportion of floral bud attack (Fig. 6c), and species with diurnal and 

nocturnal show no differences in floral bud attack (see comparisons in Table 3). The greater floral 

bud attack in plants with higher floral advertisement prediction was confirmed only for flower size. 

Small flowers had a lower proportion of floral bud attack (Fig. 6d). Medium and very large flowers 

showed no differences in terms of attacked floral buds, and large flowers were the most targeted 

by insect florivores (χ2=79.549, p< 0.001, see comparisons in Table 4). Contrary to expected for 

floral advertisement, greater flower numbers resulted in a slightly decrease of floral buds attacked 

(χ2=61.392, p< 0.001). Plant species flowering period was not statistically different in terms of 

floral buds attacked by insect florivores (p=0.07952, Table 4). Interestingly, proportion of early 

stage fruits attacked by florivores showed no differences for morphological attributes (pollination 

unit p=0.3367), nor floral advertisement (flowering period p=0.8126, flower number p=0.1491). 
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Figure 5. Proportion of open flowers attacked by florivore insects in campo rupestre vegetation, southeastern Brazil. 

a) Flowers arragned in solitary flowers (Flower) or inflorescences (Inflo); b) number of months each species flowered 

during sampling events; c) total number of open flowers per plant individual; d) Corollas with Close, intermediate 

(Inter) or Open shapes (modified from Faegri & Pijl 1979). The diamonds represent the mean value of each sample. 
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Table 4. Results of Generalized Linear Mixed Models showing the effect of flower morphological attributes and reward on the proportion of flowers attacked, 

proportion of pre-anthesis floral buds attacked and petal removal levels exerted by florivore insects in Serra do Cipó, between May 2018 and August 2019. 

Response 

variable 

Explanatory 

variable 
Random factors 

Error 

distribution  
χ2  AIC p-value Comparison 

Attacked flowers Corolla shape  

Plot & sampling event Binomial 

16.541 9033.9 0.000256 Close = Open > Int 

 Floral reward 175.04 8875.4 < 0.001 Pollen > Nectar = Oil 

 Flower symmetry 109.63 8940.8 < 0.001 Assy > Acti > Zigo 

 Pollination unit 462.75 8585.7 < 0.001 Flor > Inflo 

 Color 247.66 8810.8 < 0.001 

(Ro = Vio = Ora = Red = Ye) > Whi = 

Gre 

 Anthesis 28.763 9021.7 < 0.001 Crep = Diur > Noct 

  Plant family 1156.7 7979.8 < 0.001 NA 

Attacked floral 

buds Floral reward 

Plot & sampling event Binomial 

66.002 2601.3 < 0.001 P > N > O 

 Flower symmetry 38.272 2629 < 0.001 (Assy = Acti) > Zigo 

 Pollination unit 84.541 2580.7 < 0.001 Flor > Inflo 

 Anthesis 16.974 2650.3 < 0.001 Crep > (Diur = Noct) 

  Plant family 287.01 2879 < 0.001 NA 

Attacked early 

fruits Pollination unit Plot & sampling event 

  
  0.3367  

  Plant family     0.268   

Petal removal 

level Corolla shape  

Plot, sampling event & 

individual 
Binomial 

24.45 6825.2 < 0.001 Close > Open = Int 

 Floral reward 14.707 6835 < 0.001 N > P , O = P 

 Flower symmetry 30.994 6818.7 < 0.001 Zigo > Acti, Acti = Assy 

 Pollination unit   0.545  

 Color 51.37 6806.3 < 0.001 

Y > Ro > Vio > Whi / Red = Gre = Ora = 

Whi 

 Anthesis 15.046 6834.6 < 0.001 Diur > Crep = Noct 

  Plant family 227.98 6689.7 < 0.001 NA 
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Figure 6. Proportion of pre-anthesis floral buds attacked by florivore insects in campo rupestre vegetation, at Serra do 

Cipó, Brazil. a) type of flower symmetry; b) type of floral reward; c) time of anthesis; d) overall flower size, small 

(<10 mm), medium (10-20 mm), large (20-30 mm), very large (>30 mm). The diamond represents the mean value of 

each sample. 

  

Petal removal by florivores 

The prediction for greater proportion of petal removal by insects on attacked flowers in less 

restrictive flowers was confirmed for floral rewards and time of anthesis. Nectariferous flowers 

showed greatest removal levels than pollen and oil flowers (χ2=14.707, p<0.001, Table 4). Species 

with diurnal anthesis exhibited greater removal levels than crepuscular and nocturnal species 

(χ2=15.046, p<0.001). The removal levels were not influenced by the pollination unit (p=0.545). 
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Greater removal levels were found in some flower restrictive morphological attributes such as 

corolla shape and flower symmetry. Flowers with close corollas showed greater removal levels 

than open and intermediate (χ2=24.45, p<0.001, Table 4). Flowers with zygomorphic symmetry 

had greater levels of florivory than actinomorphic and asymmetric flowers (χ2=30.994, p<0.001, 

see comparisons in Table 4). Greater removal levels were found in species with higher investments 

in flowering period, since a slightly increase of removal levels was detected in species producing 

flowers for longer periods of time (Fig. 7a). The removal levels were not influenced by investments 

in flower size (p=0.484) and flower number (p=0.1641). 

Interestingly, greater petal removal levels were found in yellow corollas, followed by rose 

and violet (Fig. 7b). However, removal level was not different in the rest of corolla colors (see 

comparisons in Table 4). In general, the proportion of attack by florivores and the petal removal 

level showed no clear pattern for the prevailing corolla color. In open flowers and floral buds, 

higher attack proportion was found in rose and violet corollas, while greenish and white corollas 

showed lower attack proportion (χ2=51.37, p<0.001). 
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Table 5. Results of Generalized Linear Mixed Models showing the effect of plant investments in floral advertisement 

on the proportion of attacked flowers, pre-anthesis floral buds, and petal removal exerted by florivore insects in a 

campo rupestre plant community at Serra do Cipó (Brazil), between May 2018 and August 2019. 

 

Response 

variable 

Explanatory 

variable Random factors 

Error 

distribution Chisq AIC p-value Comparison 

Attacked 

flowers 

Size 
Plot & sampling event 

Binomial 469.74 8582.7 < 0.001 

L > L+ > M > 

S 

Flowering period Binomial 49.426 9043.5 0.0262  
Flower number Binomial 190.97 8857.5 < 0.001   

Attacked floral 

buds 

Size 
Plot & sampling event 

Binomial 79.549 2589.7 < 0.001 

L > (L+ = M) 

> S 

Flowering period    0.07952  
Flower number Binomial     < 0.001   

Petal removal 

level 

Size Plot, sampling event & 

individual 

      0.484   

Flowering period Binomial 39.315 6843.8 0.04739  
Flower number       0.1641   

 

 

 

Figure 7. Proportion of petal removal exerted by florivore insects at single flowers in a campo rupestre plant 

community, southeastern, Brazil. a) Number of months each plant species developed flowers; b) prevailing corolla 

color of each plant species (adapted from Machado & Lopes 2004). The diamond represents the mean value of each 

sample. 
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Discussion: 

This study provides the first record of damages exerted by florivore insect species in the 

campo rupestre plant community, and their relationship with floral attributes and flower 

advertisement to visitors. Floral damages comprise 26% of the total plant community recorded, 

and Melastomataceae, Lythraceae, Velloziaceae, Fabaceae, and Malpighiaceae plant families are 

the most attacked by insect florivores. The 92% of insects feeding on flower structures in campo 

rupestre plants are Coleopterans and Hymenopterans, and 43% of their visits they behave as 

florivores. We demonstrated that less restrictive floral attributes like diurnal time of anthesis and 

solitary flowers are indeed more likely to have pre-anthesis floral buds, open flowers and early 

stage fruits attacked by florivores. We detected that insect florivores are more likely to attack pollen 

flowers in this plant community, but once a flower is attacked, nectar-rewarded flowers have 

greater levels of petal removal. In addition, we detected that asymmetric flowers are more likely to 

be attacked by florivores, but again once a flower is attacked, the greater levels of petal removal 

are found in zygomorphic flowers. Also, we demonstrated that individuals with fewer numbers of 

open flowers, species with large flowers, and species which greater flowering period are more 

prone to be attacked by florivores. Our results strengthen the assumption that the combination of 

floral attributes exhibited by flowering plants is the result of simultaneous mutualistic and 

antagonistic plant-insect interactions, and that to disentangle the preferences and effects of 

antagonist floral visitors is essential to fully understand plant reproductive ecology in speciose 

ecosystems. 

In our study, three out of the five plant families attacked the most by insect florivores, 

Melastomataceae, Velloziaceae and Fabaceae, are also commonly listed among the most species-

rich families in campo rupestre plant communities (Silveira et al. 2016, Mota et al. 2018). Although 

their high abundance and species richness Asteraceae, Rubiaceae and Xyridaceae families showed 

little proportion of florivory in attacked flowers, pre-anthesis buds, early fruits or petal removal 

levels in campo rupestre plant communities. The overall greater number of flowers produced by 

these abundant plant families suggests that massive flower production is not entirely related with 

greater proportions of flower attack and petal removal levels. Simultaneously, floral resources 

associated with greater attacked by florivores showed to be commonly distributed among the most 

attacked and abundant plant families. Hence, our results suggest that greater flower quantity may 

not be the mechanism driving the florivores preferences in the campo rupestre plant community. 
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Moreover, the results also indicate that insect florivore incidence and petal removal levels are not, 

at least entirely, related with resource concentration of flower resources (Root 1973). 

Our results are, to our knowledge, the first broad report of insect florivore frequency, 

behavior and proportion of petal area removal in speciose plant communities. Synthesis on leaf 

herbivory reported a global frequency of herbivory signs in 56% of the individuals, and 7% of area 

removed of background herbivory (Kozlov et al. 2015). However, Turcotte et al. (2014) reported a 

5.2% of plant leaf tissue removal by herbivores across vascular, and more recently, Mendes et al. 

(2021) published a data set including several species from the tropics where the leaf area 

consumption averaged 5.3%. This numbers suggests that leaf herbivory may play a smaller role in 

energy and nutrient dynamics than currently thought, at least for several plant species (Turcotte et 

al 2014, Kozlov et al. 2015, but see Price 1997). Although our results are not as comprehensive or 

refined as the synthesis available for leaf herbivory, our findings represent a starting point in the 

path to unraveling how many flowers and floral tissue are insect florivores consuming in speciose 

neotropical environments. The findings reported here opens an avenue of opportunities to record 

the effects of these high rates of flower consumption in life time fitness of plants and resulting 

effects in community assembly and evolution. 

From the herbivory perspective, all the insects collected on flowers are categorized as 

polyphagous herbivores, since they exploited floral rewards and tissues from plant species 

belonging to different, even phylogenetically distant, families. In fact, our findings support the idea 

that the same herbivore species rarely feed on plants from more than four botanical families 

(Bernays & Graham, 1988, Rasmann et al. 2014), since just 9% of the florivore insects species 

interacted with several plant families. Flower beetles (Chrysomelidae) and weevils (Curculionidae) 

are very common floral visitors (Frame 2003) and were the most florivore species-rich families 

found in our study. Flower beetles preferred mostly pollen flowers, while weevils interacted with 

pollen, nectar and oil rewards. Overall, these beetles consume mainly pollen grains, stamens and 

corolla structures, and are rarely reported as pollinators (Gottsberger 1990, Corllet 2004). Flower-

feeding Chrysomelidae may feed on dipterocarpic leaves between flowering periods, which 

suggests that they are not entirely dependent on flower resources (Corllet 2004). Despite beetle 

opportunistic use of flowers resources, plant species visited by these insects showed no relationship 

with frequently beetle-pollinated flower attributes (i.e. thermogenic inflorescences or stigmatic 

secretions) (Gottsberger 1990). 
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Ants from the genus Camponotus and Cephalotes were the most frequent hymenopterans 

in nectar and oil flowers, acting mainly as nectar thieves in campo rupestre plants. Yet, 

Camponotus ants have been proven to contribute to pollination of Euphorbia heterophylla 

(Euphorbiaceae) and wind-pollinated species in the Himalayan region (Corllet 2004). Also, 

pollination of Paepalanthus lundii by Camponotus crassus was recently reported in a Brazilian 

savanna (Del-Claro et al. 2019). Hence, as campo rupestre harbors several wind-pollinated species, 

especially at higher elevations (Monteiro et al. 2021), and since Camponotus ants play crucial roles 

in ant-plant interactions in these plant communities (Costa et al. 2016), the role of ants visiting 

flowers, as robbers and pollinators, deserve more attention. Wasp records on flowers are scare but 

adults often forage for nectar, and some species may even chew the stigma surface when foraging 

for nectar, leading to a fitness reduction in some Verbenaceae species (Reddy et al. 1992). In campo 

rupestre, Vespidae species have also been recorded as nectar-robbers in the Collaea cipoensis 

endemic legume (Gélvez-Zúñiga et al. 2018b). Lastly, our records are likely to have underestimated 

small florivore insects such as thrips (Thripidae) because of the non-destructive sampling 

performed when sampling flowers. However, we are aware that thrips are commonly feeding on 

sap from flower tissues and pollen, and since they synchronize population growth periods to match 

floral resource availability along flowering periods (Corllet 2004), more attention to these small 

florivore insects should be addressed in future studies. 

The flowers from Malpighiaceae family species accounted for the 8% of the total damages 

exerted by insects and exhibited attributes associated with more restrictive morphologies such as 

oil-rewarded flowers and zygomorphic symmetry. Oil was the least frequent floral reward in the 

campo rupestre plant community, and the proportion of floral buds and open flowers attacked by 

florivores was significantly lower in zygomorphic species (except in proportion of petal removal) 

than asymmetric and actinomorphic flowers. In addition, our results show that solitary bees from 

Tetrapedia genus are the main robbers of Malpighiaceae flowers, which often behave as robbers 

when foraging for oil in Malpighiaceae systems (Cappellari et al. 2010). For instance, Tetrapedia 

species have been reported to behave as both robbers and pollinators in Peixotoa tomentosa flowers 

switching between positive and negative its impact on plant reproduction depending on its behavior 

(Barônio et al. 2020). This represent an intriguing system to disclosure the effects of simultaneous 

mutualistic and antagonist interactions in the continuum from mutualistic to antagonistic 

interactions. Furthermore, as specialized biotic interactions are expected to occur in campo rupestre 
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environments (Fernandes & Price 1991, Hopper 2009), and in flower-florivore interactions, the 

florivory in the Malpighiaceae family might be an example of specialized, or at least more specific, 

interaction within the florivory spectrum.  

Although we expected to find greater damages by insect florivores in open corollas no clear 

pattern was detected in proportion of attacked flowers and floral buds. However, close corolla 

shapes (cuculate, gullet, papilionaceus, spurred, and urceolate) showed a slight increase in the petal 

removal by insect florivores than open or intermediate corollas. Cuculate and papilionaceus are 

exclusive from the Fabaceae family, gullet from the Orchidaceae family, spurred are exclusively 

from the Vochysiaceae family, and urceolate grouped species from the Ericaceae, Phyllanthaceae 

and Polygonaceae plant families. This petal removal increase in the campo rupestre plant 

community might be related to the fact Cuculate flowers show only pollen rewards. Although, 

florivore and pollinator preferences for open corollas have shown to diminish plant reproduction 

success, due to florivore neutralization of the advantages associated to open corolla preferences by 

mutualists counterparts (Galen & Cuba 2001, Gómez 2003). Since cuculate flowers are pollinated 

by bees foraging for pollen, a conflicting selection scenario it is likely to occur in these systems.  

Remarkably, our findings showed that insect florivores attacked the most pollen rewarded 

flowers as reported here for presence of florivory, pre-anthesis floral buds and open flowers. This 

might be related to three main reasons. First, the insect species more frequently found on flowers 

are known for foraging mostly for pollen resources, such as Chrysomelidae, Buprestidae, 

Cantharidae, and some Curculionidae beetles (Frame 2003, Corllet 2004). Second, plant species 

that succeeded in the harsh environmental campo rupestre environments, exhibit specialized 

pollen-flower pollination systems like poricidal anthers (Buchmann & Hurley 1978, Vallejo-Marín 

et al. 2010) and stamen dimorphism (Buchmann 1983, Luo et al. 2008), and these species are 

largely represented in the Fabaceae and Melastomataceae families. Third, pollen grains are rich in 

fatty acids and proteins, representing high nutritional food resources for insects (Edlund et al. 

2004). Furthermore, the detrimental consequences of pollen robbing for pollen-flowers species 

reproduction may be much more severe than nectar consumption since pollen cannot be restocked 

(Lau & Galloway 2004, Solís-Montero et al. 2015). In campo rupestre environments the trade-off 

between nectar production cost and increasing attractivity to pollinators may not be as 

advantageous for plant reproduction (Gélvez-Zúñiga et al. 2018a) and since in these environments 
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plant species have developed strategies to assure pollen flow between populations (Silveira et al. 

2016), pollen-rewarded flowers seems to be a smart choice to survive in campo rupestre conditions. 

Flowers with actinomorphic symmetry were the most frequent in campo rupestre (62%) 

and this pattern match the worldwide trend (Neal et al. 1998). This means that a zygomorphic 

symmetry is less likely to suffer florivore attack, but once it is attacked, removal levels are greater 

than in other types of symmetry. Zygomorphic symmetry evolution, which restricts the approach 

and movement of floral visitors, prompts specific pollen deposition on the pollinator’s body, thus, 

increasing a potential isolation in incipient species (Sargent 2004). Also, zygomorphic lineages 

tend to be more species-rich (due to higher speciation rates) than sister actinomorphic lineages 

(Sargent 2004). As the campo rupestre environments represent areas of recent speciation (Silveira 

et al. 2016), zygomorphic flowers may represent an increasing resource opportunity for florivore 

insects. On the other hand, species with diurnal anthesis were the most frequent in campo rupestre 

(95%) and this pattern matches the findings of Souza et al. (2016) in a Brazilian palm swamp 

community. Crepuscular species were more attacked by florivores than species with diurnal and 

nocturnal anthesis. Yet, differences in florivore attack between diurnal and nocturnal flowers were 

not clearly detected. Having a crepuscular anthesis in campo rupestre may represent a disadvantage 

for the plants since high temperature and solar radiation (Silva et al. 2017, see also Fernandes & 

Price 1991) may reduce insect foraging activities during light-day hours, thus prompting an activity 

peak at dusk, when crepuscular species just offered their rewards. 

The pattern of insect florivores attacking more solitary flowers than inflorescences is 

consistent across florivory presence, attack, and levels of petal removal. This might be due to 

florivore avoiding potential competitors in dense pollination units, or inflorescences (Hassell & 

Southwood 1978). In addition, plant defense resources allocated to inflorescences may be greater 

than into solitary flowers, since inflorescences are energetically more expensive to produce and 

maintain (Galen 1999, Irwin et al. 2004). Finally, inflorescences might be more related to attract 

pollinators at long-distances than to represent visual attractivity to flower-feeding insects (Brody 

& Mitchell 1997). Our findings show that corollas with prevailing rose and violet color are most 

attacked by insect florivores in campo rupestre; however, as no clear pattern was detected among 

the florivore variables our results are not conclusive. This lack of clear pattern might be related 

with the difficulty to detect color preferences in a broad system (of plants and insects) within a 
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sensitive spectrum such as wavelengths perceived by insects. Hence, future studies shall address 

these trends in the future. 

The consequences of florivory for plant reproduction and its relationship with florivores 

and pollinators preferences for large-sized flowers and great number of open flowers have been 

broadly reported (Karban & Strauss 1993, Gómez 2000, Strauss & Whittall 2006, Parachnowitsch 

& Kessler 2010, Teixido et al. 2016). Yet, changes in petal size from bud to flower involve 

hydraulic cell expansion (Galen 1999) and may interfere with photosynthetic rates under drought 

conditions (Galen 2000). Hence, greater flower size involves a compromise between environmental 

conditions and pollinator preference for large-flowered individuals (Strauss & Whittall 2006). For 

instance, Ashman et al. (2004) found that larger flowers have been correlated with more pollinator 

visits and weevil florivore destruction in Fragaria virginica (Rosaceae) flowers. Also, greater 

number of flowers in the bat pollinated Calyptrogyne ghiesbreghtiana (Arecaeae) has shown a 

simultaneous increase in pollinator visits and damages by Tettigoniidae grasshoppers 

(Cunningham 1995). Interestingly, Souza et al. (2016) reported that individuals with greater 

number of open flowers, but small-sized, are more likely to receive antagonist visits in a Brazilian 

palm swap plant community. Furthermore, these florivore-pollinator-plant dynamics may indicate 

several multi-scale outcomes. For instance, in the obligate pollination mutualism between Yucca 

filamentosa (Agavaceae) and its moth pollinator Tegeticula cassandra, a hemipteran generalist and 

a specialist beetle florivores, have shown discrepant selective pressures overall diminishing seed 

production due to floral abscission, and simultaneously, increasing of pollinator larva mortality 

(Althoff et al. 2013). These trade-offs are yet to be fully evaluated in this speciose and year-round 

flowering mountaintop ecosystem. 

Half of the species recorded here (50.5%) produced flowers during 12-14 months and we 

detected a trend of increasing florivore insect attack in species with greater flowering periods. This 

matches the results of Madeira & Fernandes (1999), Belo et al. (2013) and Rocha et al. (2016) 

where they found species flowering throughout the year in campo rupestre plant communities. The 

flowering period is mainly triggered by environmental cues (Amasino 2005), and pollinators and 

florivores usually synchronize their life cycles to match floral resources availability using 

environmental signs (Strauss & Whittall 2006). Again, our findings contradict the predictability of 

antagonist visitation in plants with short flowering periods (less than 10 months) reported by Souza 

et al. (2016) in a palm swamp community. However, insect abundance is clearly related to rainfall 
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dynamics, to assure synchrony between plant flowering and insect abundance it is important to 

consider that birds, mostly hummingbirds, and wind-pollination also represent important 

pollination vectors in campo rupestre (Monteiro et al. 2021), and this may explain flowering 

patterns besides insect-plant synchrony. 

The lack of differences for the most floral attributes and advertisements on the proportion 

of early-stage fruits attacked by florivores is probably related to plant overcompensation to 

florivory. It is relatively well documented that when florivores consume flower structures a plant 

fitness reduction occurs through direct consumption effects or indirect interference on pollination 

quality (Mothershead & Marquis 2000, McCall & Irwin 2006, Moreira et al. 2019). Hence, 

herbivore-damaged plants may eventually allocate more resources to reproductive structures to 

mitigate the energy losses resulting from florivores activity (Irwin et al. 2008), and since flowers 

are costly structures directly related to plant fitness than leaves (McCall & Fordyce 2010, Garcia 

& Eubanks 2019), plant compensation to florivory is very likely to occur and might be more 

common than leaf herbivory compensation. For instance, partial compensation, by increasing 

secondary inflorescences ramification development, to beetle florivory in Paepalanthus speciosus 

(Eriocaulaceae) was reported in campo rupestre by Fernandes & Ribeiro (1990). Lastly, but not 

the least, we want to highlight the opposite patterns detected in the petal removal levels when 

compared with the other evaluated florivory responses.  Since, 6 out of 9 floral attributes and flower 

advertisements tested did show opposite trends when assessing petal removal levels. We believe 

that this trend divergence is related to the nature of the foraging behavior of petal chewing florivore 

insects, in which for the majority of variables less restrictive pollen-flowers represent a more 

interesting floral resource to forage for in campo rupestre environments. Nevertheless, when the 

target is specifically the petal tissue other aspects such as palatability, water content, petal biomass, 

and floral volatiles (Roddy et al. 2021) might play a significant role in flower choice by florivores. 

Therefore, other approaches, such as those proposed by Roddy et al. (2021), might engage other 

floral attributes variation to allow the detection of trade‐offs in the construction and function of 

flowers at the community level mediated by florivory. Hence, future studies shall address attributes 

like flower mass area, floral longevity and/or floral water content and its relationship with biotic 

pressures such as florivory incidence. 

Overall, our results represent a pioneer first formal quantification of incidence and levels 

of florivory damages exerted by insect species, and its relationship with floral advertisements in 
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perhaps the most diverse, endemic, and ancient vegetation in the Neotropics, the campo rupestre. 

Florivore influence ought to be relevant on the fate of fruit production and life time fitness, and 

hence community organization and assembly. However, florivory patterns remain far less unknown 

that leaf herbivory patterns. Our findings in florivore insect frequencies indicate that the set of 

floral attributes are a result of multi-scale biotic interaction combinations (Adler 2008, 

Parachnowitsch & Kessler 2010, Ruane et al. 2014, Caruso et al. 2019), and environmental 

conditions (Galen 2000, Zhao & Wang 2015). Our results also indicate that plant–antagonist 

interactions are highly context-dependent, and that insect florivore preferences are mainly related 

to plant investments to attract pollinators. The florivory dynamics and effects require detailed and 

more attention in future approaches in pollination ecology and herbivory pattern studies, since they 

do not seem to act separately one from another, and its understanding may contribute to a more 

complete perspective on both insect-flower evolution. Finally, insect florivory dynamics in the 

speciose campo rupestre ecosystem represent fertile land to test long standing hypotheses on 

flower–antagonist interactions.  
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Supplementary material 

Table S1. Plant species, attractivity and morphological attributes in campo rupestre vegetation during 14-month sampling at Serra do 

Cipó, Minas Gerais, Brazil, between May 2018 and August 2019. Mean number of open flowers (Display), flower size (S= <10 mm, 

M= 10-20 mm, L= 20-30 mm, VL= >30 mm), flowering period (Flowering), floral symmetry (Act= actinomorphic, Asy= asymmetric, 

Zyg= zygomorphic), Anthesis (D= diurnal, C= crepuscular, N= nocturnal), corolla shape, pollination unit (Flo= flower, Inf = 

inflorescence), floral reward (N= nectar, O= oil, P= pollen), prevailing corolla color (Color) and IUCN threat status (Status). 

 

  Attractivity traits Morphological traits  

  Display Size flowering Symmetry Anthesis Corolla Unit   Reward Color Status 

Acanthaceae              

Ruellia villosa 3.0 VL 6 Zyg D Bilabiate Flo  N Red NE 

Amaranthaceae              

Gomphrena incana 26.6 S 14 Act D Ligulate Inf Head N White NE 

Apocynaceae              

Mandevilla tenuifolia 1.0 M 2 Act D Rotate Flo  N Violet NE 

Minaria decussata 19.3 S 10 Act D Campanulate Inf Cymes P Yellow NE 

Odontadenia lutea 6.9 VL 5 Asy N Infundibular Inf Raceme N White NE 

Aquifoliace              

Ilex nummularia 25.4 S 5 Act D Cruciate Inf Cymes N White NE 

Asteraceae              

Acritopappus longifolius 26.6 S 4 Zyg D Brush Inf Panicle N Violet NE 

Ageratum conyzoides 14.3 S 2 Act D Brush Inf Corymb N Violet NE 

Aspilia foliosa 10.7 M 6 Zyg D Ligulate Inf Head N Yellow NE 

Aspilia jolyana 10.3 M 14 Zyg D Ligulate Inf Head N Yellow NE 

Aspilia fruticosa 18.3 M 3 Zyg D Ligulate Inf Head N Yellow NE 
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Baccharis platypoda 50.0 S 3 Act D Disk Inf Corymb N Greenish  NE 

Calea graminifolia 2.0 M 1 Zyg D Ligulate Inf Head N Yellow NE 

Chromolaena squalida 15.2 S 12 Act D Brush Inf Corymb N Violet NE 

Chrysolaena sp 20.0 S 1 Act D Brush Inf Head N Violet NA 

Cyrtocymura scorpioides 34.8 S 3 Act D Brush Inf Head N Violet NE 

Dasyphyllum reticulatum 26.3 S 7 Zyg N Ligulate Inf Head N Greenish  NT 

Eremanthus erythropappus 58.2 S 3 Zyg D Disk Inf Glomerule N Violet NE 

Eremanthus incanus 100.0 S 1 Act D Disk Inf Head N Violet NE 

Lepidaploa lilacina 17.2 S 3 Act D Brush Inf Head N Violet NE 

Lepidaploa rufogrisea 32.7 S 4 Act D Brush Inf Head N Violet NE 

Lessingianthus graminifolius 8.1 S 7 Act D Brush Inf Head N Violet NE 

Lessingianthus linearifolius 23.6 S 1 Asy D Brush Inf Head N Violet NE 

Lychnophora passerina 20.6 S 11 Act D Disk Inf Head N Violet NT 

Lychnophora salicifolia 40.3 S 7 Zyg D Disk Inf Head N Violet NE 

Lychnophora sellowii 24.2 S 4 Act D Disk Inf Head N Violet EN 

Mikania purpurascens 22.8 S 8 Act D Brush Inf Panicle N White NE 

Mikania reticulata 11.9 S 1 Act D Brush Inf Panicle N Greenish NE 

Mikania sessilifolia 26.3 S 7 Act D Brush Inf Panicle N Greenish NE 

Minasia pereirae 18.4 S 7 Act D Disk Inf Glomerule N Violet EN 

Paralychnophora bicolor 2.0 S 2 Act D Disk Inf Head N Greenish EN 

Piptolepis ericoides 11.9 S 2 Act D Disk Inf Head N Violet NT 

Porophyllum obscurum 11.9 S 7 Act D Disk Inf Head N Violet NE 

Praxelis basifolia 9.0 S 1 Zyg D Brush Inf Glomerule N White NE 

Pseudobrickellia angustissima 36.0 M 2 Act D Brush Inf Panicle N Greenish  NE 

Richterago lanata 24.3 S 11 Zyg N Ligulate Inf Head N White EN 

Richterago stenophylla 19.5 S 11 Zyg D Ligulate Inf Head N White EN 

Stenophalium chionaeum 24.8 S 4 Act D Brush Inf Head N Violet NE 
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Trichogonia hirtiflora 21.3 S 7 Act D Brush Inf Corymb N Violet NT 

Trichogonia villosa 42.0 S 8 Act D Brush Inf Corymb N Violet NE 

Trixis vauthieri 39.0 M 1 Zyg D Bilabiate Inf Corymb N Yellow NE 

Vernonanthura ferruginea 7.1 S 6 Act D Brush Inf Head N Violet NE 

Bignoneaceae              

Fridericia triplinervia 1.0 VL 1 Zyg N Bilabiate Inf Cymes N Rose NE 

Jacaranda caroba 2.8 VL 5 Zyg D Bilabiate Inf Cymes N Violet NE 

Bromeliaceae              

Bromelia antiacantha 4.0 L 1 Act D Tubular Inf Raceme N Rose NE 

Vriesea oligantha 12.1 L 4 Act D Tubular Inf Spike N Yellow NE 

Calophyllaceae              

Kielmeyera regalis 5.0 VL 5 Act D Rotate Inf Cymes P Rose NE 

Convolvulaceae              

Distimake flagellaris 5.3 VL 2 Act N Infundibular Flo  N White NE 

Evolvulus lithospermoides 2.9 L 6 Act D Infundibular Inf Spike N Violet NE 

Ipomoea procurrens 0.8 VL 4 Act D Infundibular Flo  N Rose NE 

Ipomoea rupestris 1.5 VL 1 Act D Infundibular Flo  N Rose NE 

Jacquemontia prostrata 1.9 L 13 Act D Infundibular  Flo  N Violet NE 

Droseraceae              

Drosera hirtella 0.0 M 3 Act D Rotate Inf Raceme P Rose NE 

Drosera tomentosa 1.1 M 3 Act D Rotate Inf Raceme P Rose NE 

Ericaceae              

Agarista angustissima 5.7 M 1 Act C Urceolate Inf Raceme N Greenish  NE 

Agarista duartei 22.1 M 6 Act N Urceolate Inf Raceme N Greenish  NE 

Gaylussacia oleifolia 16.1 M 6 Act D Urceolate Inf Raceme N Greenish EN 

Gaylussacia reticulata 16.8 M 1 Act D Urceolate Inf Raceme N Greenish NE 

Eriocaulaceae              
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Syngonanthus verticillatus 3.5 S 3 Zyg D Disk Inf Head P Orange NE 

Erythroxilaceae              

Erythroxylum campestre 100.0 S 1 Act N Rotate Flo  N White NE 

Euphorbiaceae              

Croton lundianus 4.2 M 1 Zyg N Rotate Inf Thyrse N White NE 

Fabaceae              

Aeschynomene paniculata 60.3 M 2 Zyg D Papilionaceous Flo  N Yellow NE 

Bowdichia virgilioides 60.0 M 1 Zyg D Papilionaceous Inf Panicle N Violet NT 

Calliandra dysantha 4.3 L 4 Act D Campanulate  Inf Raceme P Red NE 

Calliandra fasciculata 11.7 VL 4 Act D Campanulate Inf Glomerule P Rose NE 

Calliandra linearis 7.5 VL 1 Act D Campanulate Inf Glomerule P Rose VU 

Centrosema virginianum 1.0 L 1 Zyg D Papilionaceous Flo  N Violet NE 

Chamaecrista desvauxii 2.7 L 14 Asy D Cucullate Inf Raceme P Yellow NE 

Chamaecrista ochnacea 3.5 L 13 Asy D Cucullate Inf Raceme P Orange  NE 

Chamaecrista olesiphylla 2.0 L 2 Asy D Cucullate Inf Raceme P Yellow NE 

Chamaecrista ramosa 9.1 L 7 Asy D Cucullate Inf Raceme P Yellow NE 

Chamaecrista rotundifolia 1.8 L 4 Asy D Cucullate Inf Raceme P Yellow NE 

Chamaecrista vauthieri 42.7 L 7 Asy D Cucullate Inf Raceme P Yellow EN 

Clitoria guianensis 2.0 L 1 Zyg D Infundibular Flo  N Rose NE 

Leptolobium brachystachyum 2.0 S 1 Act N Campanulate Inf Raceme N White NE 

Lupinus coriaceus 6.8 M 3 Zyg D Papilionaceous Inf Raceme P Violet VU 

Mimosa macedoana 50.9 VL 6 Act D Brush Inf Glomerule P White EN 

Mimosa paucifolia 86.7 VL 6 Act D Brush Inf Glomerule P Rose VU 

Mimosa radula 40.9 VL 4 Act D Brush Inf Glomerule P Rose NE 

Periandra mediterranea 1.0 M 1 Zyg D Papilionaceous Inf Raceme N Violet NE 

Senna rugosa 8.8 VL 3 Asy D Cucullate Inf Panicle P Yellow NE 

Stylosanthes guianensis 7.1 S 7 Zyg D Papilionaceous Flo  N Yellow NE 



56 
 

Zornia reticulata 5.0 S 1 Zyg D Papilionaceous Inf Spike N Yellow NE 

Gentianaceae              

Calolisianthus pedunculatus 2.1 VL 11 Act D Infundibular  Flo  P Red NE 

Curtia diffusa 2.2 S 4 Act N Salverform Inf Cymes P White NE 

Curtia tenuifolia 2.2 M 1 Act D Infundibular  Inf Cymes N Violet LC 

Iridaceae              

Pseudotrimezia juncifolia 1.2 VL 4 Zyg D Coronate Flo  O Yellow NE 

Pseudotrimezia truncata 1.0 VL 2 Zyg D Coronate Flo  O Violet NE 

Sisyrinchium vaginatum 1.0 L 1 Act D Coronate Inf  P Yellow NE 

Trimezia fistulosa 0.2 VL 3 Zyg D Coronate Flo  O Orange  NE 

Trimezia rupestris 1.0 VL 1 Act D Coronate Flo  O Violet NE 

Lamiaceae              

Hypenia reticulata 12.7 M 12 Act D Bilabiate Inf Cymes N Red NE 

Hyptis lantanifolia 23.2 S 9 Zyg D Bilabiate Inf Thyrse N White NE 

Hyptis passerina 23.4 S 6 Zyg D Bilabiate Inf Thyrse N Violet NE 

Hyptis proteoides 10.8 S 12 Zyg D Bilabiate Inf Thyrse N White NE 

Lentibulariaceae              

Genlisea violacea 1.1 M 2 Zyg D Bilabiate Flo  N Violet LC 

Loganiaceae              

Spigelia linarioides 2.8 M 8 Act D Infundibular  Inf Raceme N Rose NE 

Spigelia sellowiana 1.9 VL 1 Act D Infundibular  Inf Raceme N Rose LC 

Loranthaceae              

Psittacanthus robustus 52.0 VL 2 Act D Tubular Inf Umbel N Yellow NE 

Lythraceae              

Cuphea diosmifolia 2.7 S 2 Zyg D Bilabiate Inf Raceme N Rose NE 

Cuphea ericoides 5.1 S 12 Zyg D Bilabiate Inf Raceme N Rose NE 

Cuphea micrantha 4.7 S 8 Zyg D Bilabiate Inf Raceme N Rose NE 



57 
 

Cuphea pseudovaccinium 5.0 S 12 Zyg D Bilabiate Inf Raceme N Rose NE 

Diplusodon lanceolatus 6.0 M 10 Zyg D Campanulate Flo  P Rose NE 

Diplusodon orbicularis 2.7 M 10 Act D Campanulate Flo  P Rose VU 

Malpighiaceae              

Banisteriopsis argyrophylla 11.2 L 8 Zyg D Unguiculate  Inf Thyrse O Yellow NE 

Banisteriopsis campestris 7.5 L 3 Zyg D Unguiculate  Inf Thyrse O Rose NE 

Banisteriopsis malifolia 5.1 M 5 Zyg D Unguiculate  Inf Thyrse O Rose NE 

Byrsonima dealbata 27.0 M 1 Zyg D Unguiculate  Inf Thyrse O Yellow NE 

Byrsonima variabilis 10.0 M 1 Zyg D Unguiculate  Inf Thyrse O White LC 

Byrsonima verbascifolia 3.5 M 1 Zyg C Unguiculate  Inf Thyrse O Yellow NE 

Heteropterys pteropetala 6.2 M 13 Zyg D Unguiculate  Inf Corymb O Yellow NE 

Peixotoa tomentosa 4.4 L 12 Zyg D Unguiculate  Inf Thyrse O Yellow NE 

Tetrapterys microphylla 5.0 M 14 Zyg D Unguiculate  Inf Thyrse O Yellow LC 

Malvaceae              

Wahlenbergia brasiliensis 20.5 S 1 Act D Campanulate Inf Panicle N Violet NE 

Melastomataceae              

Cambessedesia hilariana 1.4 S 3 Act D Rotate Flo  P Orange  LC 

Cambessedesia semidecandra 5.1 S 8 Act D Rotate Flo  P Orange VU 

Chaetostoma armatum 2.5 M 1 Act D Rotate Flo  P Violet NE 

Fritzschia stenodon 1.2 M 3 Act D Cruciate Inf Raceme P Violet NE 

Lavoisiera caryophyllea 3.8 L 11 Act D Unguiculate  Flo  P Violet EN 

Lavoisiera confertiflora 2.3 L 14 Act D Campanulate Flo  P Violet NE 

Lavoisiera cordata 3.6 VL 9 Act C Unguiculate  Flo  P White VU 

Lavoisiera firmula 1.0 L 1 Act D Unguiculate  Flo  P Rose EN 

Lavoisiera glandulifera 1.7 VL 10 Act D Rotate Flo  P Violet NE 

Lavoisiera imbricata 2.0 VL 2 Zyg D Campanulate Flo  P Rose LC 

Lavoisiera mucorifera 8.5 M 12 Act D Unguiculate  Flo  P Rose NT 
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Lavoisiera subulata 3.5 M 10 Act D Unguiculate  Flo  P Rose VU 

Leandra aurea 7.3 S 2 Act N Rotate Inf Thyrse P White NE 

Marcetia taxifolia 14.1 S 14 Act D Rotate Flo  P Rose NE 

Miconia ferruginata 50.0 S 1 Act N Campanulate Inf Spike P Greenish NE 

Miconia irwinii 18.4 S 4 Act D Campanulate Inf Cymes P White NE 

Microlicia confertiflora 13.6 M 12 Act D Rotate Flo  P Rose NE 

Microlicia tenuifolia 8.5 M 2 Act D Rotate Flo  P Violet EN 

Microlicia tomentella 4.2 M 9 Act D Rotate Flo  P Violet NE 

Pleroma heteromallum 2.3 M 2 Act D Rotate Inf Thyrse P Violet NE 

Pleroma nodosum 11.8 M 5 Act D Rotate Inf Thyrse P Violet NE 

Pleroma villosissimum 5.2 L 7 Act D Rotate Inf Thyrse P Violet NE 

Siphanthera arenaria 2.4 M 14 Act D Rotate Flo  P Rose NE 

Trembleya laniflora 17.0 VL 5 Act C Rotate Inf Cymes P White NE 

Trembleya parviflora 15.2 M 13 Act C Rotate Inf Cymes P White NE 

Myrtaceae              

Campomanesia pubescens 8.8 S 1 Act C Rotate Inf Panicle N White LC 

Myrcia hartwegiana 2.4 S 5 Act C Rotate Inf Panicle N White NE 

Myrcia lasiantha 5.6 S 4 Act C Rotate Inf Panicle N White NE 

Ochnaceae              

Luxemburgia damazioana 3.0 L 1 Act D Rotate Flo  P Yellow VU 

Luxemburgia schwackeana 5.0 L 5 Act D Rotate Flo  P Yellow NE 

Ouratea floribunda 9.1 M 3 Act D Rotate Inf Panicle P Yellow NE 

Sauvagesia glandulosa 9.5 S 3 Act D Rotate Inf Panicle P Violet NE 

Sauvagesia linearifolia 1.9 M 2 Act D Rotate Inf Panicle P Rose NE 

Onagraceae              

Ludwigia octovalvis 2.7 M 1 Act D Rotate Flo  N Yellow NE 

Orchidaceae              
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Cattleya caulescens 1.9 M 2 Zyg D Gullet Inf Raceme N Violet NE 

Cleistes paranaensis 0.7 VL 2 Zyg D Gullet Flo  N Violet LC 

Cyrtopodium parviflorum 6.6 L 6 Zyg D Gullet Inf Panicle N Yellow LC 

Epidendrum saxatile 18.9 L 2 Zyg D Gullet Inf Panicle N Violet LC 

Gomesa hydrophila 7.2 L 3 Asy D Gullet Inf Raceme N Yellow NE 

Gomesa spiloptera 6.8 VL 2 Zyg D Gullet Inf Raceme N Yellow NE 

Pseudolaelia geraensis 1.7 M 3 Zyg D Gullet Inf Raceme N Violet LC 

Orobanchaceae              

Agalinis brachyphylla 2.8 L 8 Zyg D Bilabiate Flo  N Violet VU 

Buchnera lavandulacea 8.0 S 3 Act D Tubular Inf Spike N Violet NE 

Buchnera sp 2.6 S 3 Act D Tubular Inf Spike N Violet NA 

Esterhazya nanuzae 3.2 L 1 Act D Bilabiate Flo  N Red EN 

Physocalyx aurantiacus 1.2 L 4 Act D Bilabiate Flo  N Orange  NT 

Oxalidaceae              

Oxalis hirsutissima 1.0 M 3 Act D Rotate Inf Cymes N Yellow NE 

Phyllanthaceae              

Phyllanthus klotzschianus 8.5 S 11 Act N Urceolate Flo  N Greenish NE 

Polygalaceae              

Polygala exasperata 3.2 S 6 Zyg D Tubular Inf Spike N Rose NE 

Polygala glochidata 3.7 S 7 Zyg D Tubular Inf Spike N White NE 

Polygonaceae              

Coccoloba acrostichoides 29.0 S 1 Act C Urceolate Inf Raceme N Greenish NE 

Coccoloba cereifera 10.1 S 12 Act D Urceolate Inf Thyrse N Red EN 

Rapateaceae              

Cephalostemus ridelianus 1.0 M 1 Act D Rotate Inf Glomerule P Yellow NE 

Rhamnaceae              

Crumenaria erecta 3.3 S 1 Act D Tubular Inf Thyrse P Rose NE 
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Rubiaceae              

Borreria capitata 15.8 S 3 Act D Bilabiate Inf Glomerule N White NE 

Borreria dasycephala 102.0 S 1 Act D Bilabiate Inf Glomerule N White NE 

Borreria schumannii 10.8 S 4 Zyg D Bilabiate Inf Glomerule N White NE 

Borreria warmingii 17.6 S 3 Act N Bilabiate Inf Glomerule N White NE 

Declieuxia deltoidea 5.7 S 3 Act D Tubular Inf Cymes N Violet NE 

Declieuxia diantheroides 3.5 S 1 Act N Tubular Inf Cymes N White NE 

Diodella apiculata 6.1 M 8 Act D Tubular Flo  N Rose NE 

Palicourea rigida 4.5 L 7 Act D Bilabiate Inf Cymes N Yellow NE 

Psyllocarpus laricoides 4.1 S 3 Act N Tubular Inf Cymes N White NE 

Remijia ferruginea 2.5 M 2 Act N Rotate Inf Cymes N White NE 

Tocoyena formosa 43.0 VL 2 Act D Tubular Inf Corymb N Yellow NE 

Salicaceae              

Casearia arborea 19.0 S 1 Act N Unguiculate  Inf Glomerule N Greenish  NE 

Sapindaceae              

Serjania erecta 4.6 S 1 Act N Rotate Inf Thyrse N White NE 

Serjania paradoxa 7.2 S 4 Act D Cruciate Inf Thyrse N White NE 

Solanaceae              

Solanum stenandrum 1.0 M 1 Act D Infundibular  Inf Cymes P Violet NE 

Turneraceae              

Turnera oblongifolia 18.9 M 13 Act D Rotate Inf Raceme N Yellow NE 

Velloziaceae              

Barbacenia blackii 1.2 VL 2 Zyg D Tubular Flo  N Red VU 

Barbacenia flava 1.9 L 10 Act D Tubular Flo  N Yellow NE 

Barbacenia macrantha 0.9 L 4 Act D Tubular Flo  N Red NE 

Barbacenia rubrovirens 2.0 VL 2 Act D Tubular Flo  N Greenish NE 

Vellozia caruncularis 1.3 L 10 Act D Rotate Flo  N Violet NE 
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Vellozia declinans 4.3 L 3 Act D Unguiculate  Flo  N Violet NE 

Vellozia epidendroides 2.8 L 9 Act D Rotate Flo  P Rose NE 

Vellozia lilacina 1.0 VL 2 Act D Rotate Flo  N Violet EN 

Vellozia nivea 1.5 VL 1 Act D Rotate Flo  N Violet NE 

Vellozia patens 1.9 L 3 Act D Rotate Flo  N Violet EN 

Vellozia resinosa 0.9 L 3 Act D Rotate Flo  N Violet NE 

Vellozia variabilis 2.6 VL 5 Act D Rotate Flo  N Violet LC 

Verbenaceae              

Lippia corymbosa 104.3 S 2 Act D Tubular Inf Corymb N Rose NE 

Lippia lupulina 5.1 S 10 Act D Tubular Inf Corymb N Rose NE 

Stachytarpheta reticulata 3.7 M 7 Zyg D Tubular Inf Spike N Violet NE 

Vochysiaceae              

Qualea grandiflora 14.8 M 3 Zyg D Spurred Inf Raceme N Yellow NE 

Vochysia pygmaea 6.4 M 14 Zyg D Spurred Inf Raceme N Yellow EN 

Winteraceae              

Drimys brasiliensis 9.2 S 4 Act C Rotate Inf Panicle P White LC 

Xyridaceae              

Xyris asperula 1.5 L 7 Act D Cruciate Inf Head P Yellow NE 

Xyris bialata 1.6 M 7 Act D Cruciate Inf Head P Yellow DD 

Xyris nanuzae 1.0 S 2 Act D Cruciate Inf Head P Yellow NE 

Xyris nubigena 1.3 M 14 Act D Cruciate Inf Head P Yellow NE 
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Table S2. Result of the chi-square test showing that flower morphological traits are distributed 

among the plant families sampled. Sampling between May/18 and August/19 in thirty campo 

rupestre vegetation plots at Serra do Cipó, Minas Gerais, Brazil. 

 

Response 

variable 

Explanatory 

variable 
χ2 p-value N 

Corolla shape 

Plant family 

203.33 < 0.001 12,340 

Floral reward 227.28 < 0.001 12,340 

Flower symetry 177.25 < 0.001 12,340 

Pollination unit 954.19 < 0.001 12,340 

Time of anthesis 106.26 < 0.001 12,340 

Prevailing corolla 

color 384.23 < 0.001 12,340 

Flower size  625.77 < 0.001 12,340 
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The paradox of flowers at mountain ecosystems: flower attraction to 

pollinators vs attraction of unbidden florivores 
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Introduction 

A large number of plants rely on animal-plant mutualisms for their persistence in 

evolutionary time. Interactions between plants and floral visitors are one of the main drivers of 

evolution since plants respond to selective pressures to maximize their attraction to pollinators 

to assure reproduction (Darwin 1877, Dodd et al. 1999, Fenster et al. 2004, Ollerton et al. 2019). 

The mutualisms of plants which depend on the services of pollinators have received attention 

since Darwin’s time.  Pollination is a widely documented interaction involving from generalist 

floral visitors pollinating several plant species to obligate specialists in which there exists a 

solely plant-pollinator pair of species (Waser 2006, Thompson 2005, Ollerton et al. 2007). 

World animal-pollinated species may represent 78% to 94% among the Angiosperms and 

tropical communities harbor a greater abundance of these species (Ollerton et al. 2011). 

Consequently, pollination is considered within the most important ecosystem services and its 

loss may result in catastrophic environmental, economic and social problems to humankind 

(Winfree et al. 2009, Potts et al. 2010, Novais et al. 2016, Porto et al. 2020). Therefore, shifts 

in flower visitor communities may not only have detrimental consequences for plant 

reproduction output, but also animals who depend on them are vulnerable to such changes 

(Senapathi1 et al. 2015, Körner et al. 2017).  

Angiosperm morphology and flower visitor diversification is closely related (Dodd et 

al. 1999). However, entomophilous plants experience not only mutualistic interactions with 

pollinators and other floral visitors which may exert simultaneous opposite forces to selective 

pressures on floral attraction (Ruane et al. 2014, Lobo et al. 2016). These other visitors are 

considered floral antagonists and might behave as opportunists or strict florivores and/or 

robbers when foraging for nectar, pollen or floral tissues (Inouye 1980, McCall & Irwin 2006). 
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Floral antagonists incidence might be as extended and comprehensive as herbivory interactions, 

and in natural communities the consumption of flower organs might be as spread as leaf 

herbivory (Gélvez-Zúñiga et al. submitted, reviewed by Moreira et al. 2019). Thus, florivory 

effects have mostly been reported as detrimental to plant reproduction in both female and male 

components (Eliyahu et al. 2015, Bronstein et al. 2007, Jones & Agrawal 2017, Thompson & 

Fernandez 2006). Florivory can impact plant reproduction via direct trophic effects, due to 

insect consumption of floral structures (Krupnick & Weis 1999, Canela & Sazima 2003), or via 

indirect non-trophic effects, since floral attraction to pollinators diminish with the presence of 

florivory (Mothershead & Marquis 2000). Hence, the understanding of the dynamics between 

angiosperms and their flower visitors when coping with environmental changes may assure 

plant reproduction, insect food supplies and can help to prevent severe consequences in the near 

future (Liautaud et al. 2019). 

Mountainous environments hold about a third of global plant species diversity and 

provide ecosystem services which are essential for the maintenance of human populations 

(Körner 2004, Colwell et al. 2008, Resende et al. 2013, Körner 2017, UNESCO 2017). Due to 

environmental changes over relatively short distances, mountains are excellent models to 

understand species responses in changing scenarios. Environmental variations along the 

elevation are linked to both plant and animal adaptive attributes and offer conditions to explore 

species responses in narrow geographic ranges (e.g., Fernandes & Price 1991, Fabbro & Körner 

2004, Körner 2004, Nagano 2014, Fernandes et al. 2016b). Elevation-related changes in 

temperature, ambient humidity, solar radiation and land area reduction are among the most 

important factors globally associated to detectable changes in plant-animal dynamics (e.g. 

Humboldt 1817, Fernandes & Price 1988, 1991, Körner et al. 2017, Liautaud et al. 2019). So 

far, we are aware that climate change has provoked the contraction of endemic species 

distribution, extinction, and even homogenization in several mountain ecosystems around the 

globe due to upraise of lowland species and even opening up opportunities for biological 

invasions (Gilman et al. 2010, Tingley et al. 2012, Urban 2015, Hoffman et al. 2020). Therefore, 

such changes may deeply interfere with biotic interactions in mountainous environments 

(Lefebvre et al 2018, Lynn et al. 2019) with unforeseen catastrophic impacts.  

Scenarios of environmental stress and limiting-resource habitats due to elevation 

gradients lead organisms to adjust and relocate resources to assure physiological functions and 

deal with the selective pressures in harsh environments such as campo rupestre. For instance, 

the growth and metabolic rates of insects have shown to decrease with elevation (Lefebvre et 
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al. 2018). In addition, the size, abundance and richness of floral visitors also tend to decrease 

when the elevation increases (Nagano et al. 2014). Concomitantly, plant investments in 

vegetative and reproductive tissues are commonly reduced in species at upper elevations 

(Fabbro & Körner 2004, Hautier et al. 2009). For instance, a plant reduction in floral 

advertisements such as corolla size and quantity of nectar diminished with elevation in species 

from the Himalayan region (Basnett et al. 2019). Also, floral longevity reductions and shorter 

flowering periods have also been related to higher elevations (Primack 1985, Ashman & Arceo-

Gómez 2013). Variations in flower number and size to match pollinator assemblages influenced 

by elevation have also been reported in several systems (Dohzono & Suzuki 2010, 

Parachnowitsch & Kessler 2010, Nagano et al. 2014, Zhao & Wang 2015). In tropical regions 

plants at mountainous environments may exhibit different strategies to fulfill pollination 

services when elevation increases. For instance, Arceo-Gómez et al. (2019) reported greater 

heterospecific pollen deposition performed primarily by vertebrates at upper elevations while 

insects furnish this function at lower elevations. This denotes the physiological costs of setting 

strategies to attract mutualist partners and guarantee plant reproductive success in less frequent 

pollinator contexts due to increased elevation constraints (Galen 1999, Carroll et al. 2001). 

A set of morphological floral attributes (e.g. symmetry, corolla shape, floral reward, 

time of anthesis) has been broadly used when analyzing plant-insect interaction in pollination 

ecology or flower evolution contexts. Flowers with less restrictive morphological attributes, 

which are related to generalist flowers and generalized pollination systems (Ollerton et al. 

2007), are predicted to allow a wide variety of visitors to access floral resources (e.g. pollen, 

nectar, tissue), increasing flower visitation likelihood when compared to restrictive flowers 

(Stang et al. 2006). Overall, flowers can be considered as less restrictive in morphology when 

rewards are open or exposed to be accessed by floral visitors (Frame 2003), regardless of their 

potential as pollinators or florivores. For instance, flowers with actinomorphic symmetry have 

shown to receive higher heterospecific pollen when compared to zygomorphic flowers at global 

scale (Arceo-Gómez et al. 2019). Additionally, non-pollinator visits have been related with 

floral attributes such as nectar rewards, small-sized flowers, greater number of open flowers 

and extended flowering periods in a Brazilian palm swamp plant community (Souza et al. 2016).  

The relationship between flower morphological attributes and investments in floral 

advertisement in plants that share or compete for pollinators are relatively clear, but since plants 

also set barriers against floral antagonists (Irwin et al. 2001, Gonzálvez et al. 2013) there is still 

a need for studies addressing the relationship between floral attributes and florivore insects.  
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The campo rupestre (rupestrian grassland) is a mega diverse, ancient, but highly 

threatened vegetation, which is mainly distributed in the Espinhaço Mountain Range, the 

second largest mountain chain in South America (Fernandes et al. 2020). For the first time, we 

addressed the variation of damages exerted by floral antagonist along the elevational gradient 

of campo rupestre and its relationship with floral advertisements and flower morphology. We 

hypothesized that increases in elevation will intensify plant susceptibility to floral antagonists 

since plant species are coping with harsher environmental conditions (Fernandes et al. 2016b, 

Mota et al. 2018) and because insect and plant diversity is negatively related to elevation 

increases in this mountain range (e.g., Perillo et al. 2017, Coelho et al. 2018, Nunes et al. 2018, 

Beirão et al. 2020, Castro et al. 2020). We expected: i) a decline in floral advertisement such as 

flower number, flower size, and number of flowering months as elevation increases; ii) an 

increase in the presence of florivory, proportion of attacked floral buds, open flowers, early 

fruits, and petal removal levels exerted by insects at upper elevations; and iii) a positive 

relationship between greater presence of florivory, attacked open flowers and levels of petal 

removal with both, plant investments in floral advertisement and elevation. Furthermore, we 

hypothesized that insect florivory will be triggered when flower resources are restricted in the 

community, since nectar, pollen and floral tissues represent important energetic and nutritional 

sources for insect herbivores (Nicolson 2011, Vaudo et al. 2020). We expected a greater 

proportion of attacked flowers and petal removal in months with lower production of flower 

resources in the community. Finally, we hypothesized that insect florivory in species with less 

limiting flower morphologies will exhibit greater damages by insect florivores, and that these 

damages will increase with the elevation. As less limiting flowers may enable several floral 

visitors groups to interact with floral structures and rewards, we expected a greater proportion 

of flowers attacked and petal removal levels as elevation increases in: i) nectariferous flowers; 

ii) flowers with actinomorphic symmetry; and iii) species with more than one potential 

pollinator group. 

Material and methods: 

Study site 

This study was performed along the elevation variation in Serra do Cipó, southern 

portion of the Espinhaço mountain range, in southeastern Brazil. Broadly, the Serra do Cipó 

encompasses a campo rupestre landscape with patchy rocky outcrop vegetation dominated by 

grasslands with evergreen and sclerophyllous plants (Fernandes et al. 2016a, Silveira et al. 

2016) (Fig. 1a). The region has humid subtropical climate type according to Köppen 
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classification, and according to precipitation levels there are four seasons: warm rainy long-day 

summers between November and January; post-rainy transition period from February to April; 

dry cold short-day winters from May to September; and a post-dry period during October 

(Madeira & Fernandes 1999). Overall, the soils are predominantly nutrient-impoverished and 

covered by a highly adapted vegetation type (Negreiros et al. 2014). Across this environmental 

gradient in Serra do Cipó, the mean annual temperature, mean atmospheric pressure and soil 

temperature diminish with increasing elevation (Fernandes et al. 2016b). Conversely, mean 

wind speed and air humidity increases with increasing the elevation, while mean annual 

precipitation is higher at intermediate elevations (Fernandes et al. 2016b).  

Landscape and habitats vary from Cerrado through campo rupestre, where plant species 

richness diminishes while increasing the number of individuals per species as elevation 

increases (Mota et al. 2018). Areas with lower elevation (~800 m a.s.l.) are characterized by 

sandy soils with small trees and shrubs from Cerrado vegetation, represented mainly by 

Fabaceae, Malpighyaceae, Asteraceae and Apocynaceae plant families. The species flowering 

periods in this community show some seasonality reaching a peak in the transition from dry to 

wet season (Rocha et al. 2016). As elevation increases, the landscape becomes a transition from 

Cerrado to campo rupestre vegetation (~900m) with rocky outcrops, small trees, shrubs and 

herbaceous plants represented by Verbecaceae, Rubiaceae, Nyctaginaceae, Malpighyaceae and 

Fabaceae (Mota et al. 2018). Flowering at this elevation belt is continuous over the year, making 

seasonality less explicit (Rocha et al. 2016). Habitats between 1000-1300m are predominantly 

sandy rocky grasslands, with intermittent dark clay soils and rocky outcrops, showing herbs 

and shrubs of campo rupestre stricto sensu vegetation with mainly Velloziaceae, Eriocaulaceae, 

Asteraceae, Poaceae and Melastomataceae species, and flowering and fruiting along the year 

(see Belo et al. 2013). Finally, the highest areas of the gradient (1300-1400m) are characterized 

by wet, organic clay substrate covered by sand and/or stones, and the prevailing vegetation are 

herbaceous plants from Eriocaulaceae, Asteraceae and Xyridaceae families and, a well defined 

flowering peak between February and March. Details on the flora and plant phenology can be 

found in Madeira & Fernandes (1999), Belo et al. (2013), Rocha et al. (2016) and Mota et al. 

(2018). 
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Figure 1. Study site within the Espinhaço mountain range and the elevation along the long-term ecological 

research site Serra do Cipó (LTER-CRSC), southeastern, Brazil. Data collection occurred monthly between May 

2018 and August 2019. a) Area map and details of the elevation variation among the LTER-CRSC areas where 

flower damages exerted by insects was recorded; b) location of the thirty plots along the elevation in the dominant 

vegetation types, plots were approximately 500 m apart. 

 

Data collection 

Sampling was conducted between May 2018 and August 2019 along the elevation 

variation within the Long Term Ecological Research of Serra do Cipó LTER-CRSC, 

CNPq/Fapemig (PELD in portuguese abbreviation) sites between 800 and 1400 m a.s.l. Sites 

are located in the Serra do Cipó National Park and Morro da Pedreira Environmental Protection 

Area (See Fernandes 2016b and Silveira et al. 2019 for details). To address how the presence 

of damages exerted by florivore insects differ along the elevation variation, we performed a 

plant monthly census in 30 fixed plots (15m × 15m), spaced by 500 m from each other, with 

elevation varying from 823 to 1411 m a.s.l. (Fig. 1b); hence each plot represents a specific 

elevation value along the gradient. Up to ten individuals from the same species in plots were 

recorded at every campaign event. Despite of campo rupestre being a complex vegetation 

mosaic, we avoid setting plots nearby Atlantic forest patches (capão), and gallery forests. All 

plant material sampled was preserved for later identification by using literature, specialist’s 

consultation and comparison with specimens from the Federal University of Minas Gerais 
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Herbarium (BHCB). Plant and insect material is currently in the Laboratório de Ecologia 

Evolutiva e Biodiversidade from the Federal University of Minas Gerais under the cataloging 

process.  

To test if investments in flower advertisement decrease with elevation, we recorded 

three response variables. The first was the total number of open flowers (hereafter flower 

number) per plant individual, including attacked and non-attacked flowers. Second, the flower 

size of each plant species. Flowers with less than 10 mm were categorized as small, between 

10-20 mm as medium, and with more than 20 mm were considered large flowers (adapted from 

Machado & Lopes 2004, see details in Gélvez-Zúñiga et al. submitted), and then the portion of 

each size category per plot was calculated. Third, the total number of months in which each 

plant species showed open flowers during the sampling period (hereafter flowering period). For 

all flowering individuals on plots the number of pre-anthesis floral buds, open flowers and 

early-stage fruits were recorded. Afterwards, the following response variables were quantified 

to test if florivore insect effects increase with elevation. The absence (Fig. 2a) or presence (Fig. 

2 b, c, d) of floral damages by florivore insects (hereafter presence of florivory) per plant 

individual. The proportion of each individual pre-anthesis floral buds (hereafter attacked bud), 

open flowers (hereafter attacked flower) and early-stage fruits (hereafter attacked fruit) attacked 

by florivores. An organ (bud/flower/fruit) was considered attacked if exhibited any 

morphological modification resulting from insect feeding activities on any floral structures, as 

described for florivores in McCall & Irwin (2006). In this context, we included as florivore 

insect damages: i) pollen-robbing when anthers were removed or cutted to collect pollen (Fig. 

2b), ii) any petal removal due to insect forage (Fig. 2c), and iii) nectar-robbing orifices in the 

flower calyx (Fig. 2d). Lastly, the proportion of petal area removed by insects (hereafter petal 

removal level) was estimated for every flower with signs of insect feeding in the corolla. The 

estimation of the amount of petal area removed was performed in a 0 to 100% scale at the field, 

where 0 represents flowers with intact corolla, 1 represents a 10% of, 2 represents a 20% and 

so on up to 10 which represents a completely (100%) removed corolla area by florivore insects. 

 



80 
 

 

Figure 2. Damages exerted by floral antagonists recorded in flowers from the campo rupestre in the Espinhaço 

mountain range LTER-CRSC site, Brazil. Sampling events between May/18 and August/18. A) intact flower; B) 

pollen-robbing; D) petal removal; D) nectar-robbing holes. Sampling plots were approximately 500 m apart. 

 

To assess if flowers with less limiting morphologies are more likely to show higher 

proportion of attacked flowers and petal removal levels along the elevation, we chose three 

variables commonly related with more accessible flowers to visitors (Frame 2003, Ollerton et 

al. 2007); floral reward, floral symmetry, and number of taxa reported for each plant species as 

potential pollination vectors (hereafter potential visitors). Each floral reward was classified as 

nectar, pollen, or oil according to field observations and/or literature searching for every plant 

species. The floral symmetry was categorized as actinomorphic, asymmetric, or zygomorphic 

according to Simpson (2006). Finally, the information about the potential visitors was gathered 

by linking our field observations, pollination systems and literature records for each plant 

species sampled in order to establish the number of potential visitors which visit or may be 

likely to visit the flowers of each species (Faegri & Pijl 1979, Freitas & Sazima 2006, Willmer 

2011). Potential vectors were categorized as bat, bees, beetle, bird, butterfly, moth, wasp, and 

wind (adapted from Machado & Lopes 2004). Then, the total number of potential visitors for 

each plant species was calculated, ranging from 1 to 3.  

 

Statistical analyses 
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To test if flower advertisements decrease with elevation Generalized Linear Models 

(GLMs) were performed using the elevation (m a.s.l.) as explanatory variable and flower 

number, flower size, and flowering period as response variables. The hypothesis that plant 

susceptibility to insect florivory increases with the elevation was tested using Generalized 

Linear Mixed Models (GLMMs) with elevation in m a.s.l. as unit as the explanatory variable 

and the proportion of attacked floral buds, flowers, fruits, and petal removal as response 

variables. Since plots were repeatedly measured, we considered them as random effects in all 

GLMMs, and for the models with the proportion of petal removal as response variable the plant 

individual was also added as a random effect because flowers with corolla removal from the 

same plant individual were repeatedly measured. The relationship between elevation, plant 

attractivity, and the presence of florivory was tested with GLMs using elevation (m a.s.l.), 

flower number, flowering period (months), and the interaction among them as explanatory 

variables, and the presence of florivory as response variable. GLMMs were constructed to test 

for the relationship between elevation (m a.s.l.), flower number, flowering period (months), and 

the interaction among them as explanatory variables and the proportion of attacked flowers and 

petal removal as response variables. To test for the variation in florivory by insects in months 

with greater number of species co-flowering we constructed GLMMs using the proportion of 

attacked open flowers and proportion of petal removal as response variables, and each sampling 

event (14 months) as the explanatory variable. Lastly, to test if less limiting flower 

morphologies show greater insect florivory effects at upper elevations, Generalized Linear 

Mixed Models (GLMMs) were constructed using floral reward, floral symmetry, and number 

of potential visitors and their interactions with the elevation (m a.s.l) as explanatory variables, 

and the proportion of attacked flowers and proportion of petal removal as response variables. 

When explanatory variables showed no significance in models they were removed from the 

analysis until the minimum adequate model (Crawley 2013). All GLMs and GLMMs were 

fitted for error distribution adequacy, and the ‘lme4′ package was used to construct the GLMMs. 

In addition, when the effect of the random variable was 0 it was removed from the models. All 

the statistical analyses were performed using the R software v.4.0.2 (R Development Core 

Team, 2021). 

 

Results: 

A total of 12,340 flowering individuals distributed among 207 species and 46 

angiosperm families were recorded. The plant families Asteraceae, Fabaceae, Lythraceae and 

Melastomataceae were present along the entire elevation variation and altogether represented 
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51 % (6,269 out of 12,340) of the total individuals recorded. The plant families recorded in only 

one single elevation were Euphorbiaceae (810 m), Onagraceae (819 m), Salicaceae (963 m), 

Rapataceae (1227 m), Loranthaceae (1128 m), Erythroxylaceae (1230 m), Rhamnaceae 

(1257m), Lentibulariaceae (1364 m), and Solanaceae (1405 m). Altogether they represented 29 

% (9 out of 46) of all plant families sampled. No plant species was recorded throughout the 

entire elevation variation. The plots with the greater flowering plant abundance were located at 

1118 m elevation, with 663 out of 12,340 or 5.4% of the total individuals sampled, followed by 

the 1364 m elevation with 4.5% (571) of the individuals, and the 1178 m elevation with 4.4% 

(545) of the individuals. Interestingly, the plots at lower elevation, located in the Cerrado 

vegetation, showed the lowest plant abundances of flowering individuals (Table 1). Florivory 

damages exerted by insects were distributed throughout the entire elevation areas reaching 

higher frequency at the 1118 m elevation with 194 out of 3,164 (6 %) of attacked flowers, 

followed by 1364 m elevation with 152 out of 3,164 and 1201 m elevation with 152 out of 

3,164. Damages caused by insect robbery were present along the elevation gradient with the 

exception of the 324 m and 1257 m elevations. Finally, thieving damages were present at eight 

elevations including plots located along the elevation gradient and altogether represented 0.2% 

or 8 out of 3348 of the total floral damages. Coleoptera and Hymenoptera were the most 

abundant and species rich insects found damaging flowers along the variation in elevation. 

Altogether, insect families Chrysomelidae, Curculionidae and Formicidae represented nearly 

80% of the total insect sampled in flowers.    

 

Table 1. Flowering plant abundance, species richness, and plant investments in floral advertisement (mean ± SD) 

recorded from May 2018 to August 2019 along the elevation variation in Serra do Cipó, southeastern Brazil.  
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The greater plant species richness was found in plots at 1104 m with 29% (60 out of 

207 species) of the total plant species recorded, followed by 1118 m elevation with 28.5% (59 

out of 207) and 1178 m and 1313 m elevations both with 58 out of 207 plant species each (see 

details on plant families, richness and abundance in Table 1). The most frequent plant species 

along the elevation gradient were Chromolaena squalida (Asteraceae) recorded in 90% of the 

elevations sampled (Fig. S1a). Marcetia taxifolia (Melastomataceae) and Xyris nubigena 

(Xyridaceae) were both present in 83% (25 out of 30 plots) of the elevation gradient (Fig. S1b, 

c), followed by Cuphea ericoides (Lythraceae) and Lavoisiera confertiflora (Melastomataceae) 

both present in 24 out of 30 plots or 80% of the elevation gradient (Fig. S1d, e).  

 



84 
 

Floral advertisement along the elevation 

As expected, the number of flowers produced by plant individuals diminished with 

increasing elevation (χ2= 62.498, p<0.001) (Fig. 3a). Greater flower number was found in the 

810 m elevation with mean number of open flowers of 14.989 ± 22.119 (mean ± SD) flowers 

per plant individual, followed by the 1022 m elevation with mean of 12.552 ± 21.006 flowers 

per plant, and 1242 m elevation with mean of 12.004 ± 29.959 flowers per plant. Overall, 

individuals in the 1327 m, 1329 m, and 1405 m elevation showed lower investments in flower 

numbers (Table 1). The effect of elevation on the proportion of plant species flower size varied 

depending on the size category (χ2= 16.845, p <0.001). While the small-sized flowers 

proportion decreased with the elevation, the proportion of medium and large flowers increased 

with elevation (Fig. 3b). Opposite to expected, the species flowering period at higher elevations 

were greater than in species at lower elevations (χ2=60.707, p<0.001) (Fig. 3c). 

 

 

Figure 3. Investments in floral advertisement along the 824-1411 m a.s.l elevation variation showing that a) 

number of open flowers decreases with elevation, b) proportion of species with medium and large flowers increase 

and small flowers decrease with elevation, c) number of months each species flowered increased with elevation. 

Sampling between May 2018 and August 2019 in Serra do Cipó, Southeastern Brazil.  

 

Flower damages exerted by insects along the elevation 

The plant species that showed greater signs of florivory and proportion of attacked flowers at 

higher elevation plots were Microlicia confertiflora (Fig. 4a), Lavoisiera caryophyllea and 

Pleroma villosissimum, all belonging to Melastomataceae, along with Vellozia epidendroides 

(Fig. 4b) and Barbacenia flava (Fig. 4c) both from Velloziaceae. At intermediate elevations 

the flowers attacked the most by florivores were Marcetia taxifolia (Fig. 4d), Microlicia 
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tomentella and Lavoisiera glandulifera from Melastomataceae, followed by Cuphea micrantha 

(Lythraceae) (Fig. 4e), Vellozia variabilis (Fig. 4f) and Vellozia caruncularis from 

Velloziaceae. Finally, at lower elevations, the species with greater proportion of floral damages 

were Tetrapterys microphylla (Malpighiaceae) (Fig. 4g), Chamaecrista desvauxii (Fabaceae), 

Lavoisiera glandulifera (Fig. 4h) and Fritzschia stenodon both from the Melastomataceae 

family, and Peixotoa tomentosa (Malpighiaceae) (Fig. 4i). 

 

 

Figure 4. Plant species with greater presence of damages and proportion of attacked flowers by insect florivores 

along 823 to 1411 m a.s.l. elevation in Serra do Cipó, Southeastern Brazil. Upper plots -from 1364-1411 m a.s.l.- 

a) Microlicia confertiflora, b) Vellozia epidendroides, c) Barbacenia flava. Intermediate plots -between 1151 and 

1201 m a.s.l.- d) Marcetia taxifolia, e) Cuphea micrantha, f) Vellozia variabilis. Lower plots -from 810 to 824 m 

a.s.l.- g) Tetrapterys microphylla, h) Lavoisiera glandulifera, i) Peixotoa tomentosa. 

 



86 
 

As expected by the hypothesis of greater plant susceptibility to insect florivory when 

increasing the elevation, the presence of florivory was slightly greater in plant individuals from 

upper elevations when compared to individuals at lower elevations (χ2=5.7018, p=0.01695, 

Table 3). The greatest proportion of attacked flowers was found in the 1313 m a.s.l. elevation 

with an average of 0.273 ± 0.428 (mean ± SD), followed by the 1220 elevation with an average 

of 0.212 ± 0.385, and the 1201 elevation with 0.205 ± 0.356. Additionally, the proportion of 

attacked flowers by insect florivores in plant individuals at upper elevations was also greater 

than in plants at lower elevations (χ2= 57.535, p<0.001, Fig. 5a). On the other hand, the 

elevation solely did not influence the proportion of pre-anthesis floral buds (p= 0.8141), early-

stage fruits (p= 0.8892) and petal removal levels (p= 0.1216) (Table 3). The greatest proportion 

of pre-anthesis floral buds attacked was found in the 1327 m elevation with an average of 0.064 

± 0.214, followed by the 823 m elevation with an average of 0.056 ± 0.195, and the 1201 m 

elevation with 0.054 ± 0.184 (Table 2). The greatest proportion of early-stage fruits attacked 

was found in the 823 m elevation with an average of 0.043 ± 0.195, followed by the 1327 m 

elevation with an average of 0.016 ± 0.124, and the 1364 m elevation with an average of 0.015 

± 0.113 (Table 2). Finally, the greatest proportion of petal removal was found at the 1040 m 

elevation with an average of 0.482 ± 0.277, followed by the 824 m elevation with an average 

of 0.419 ± 0.291, and the 1285 m elevation with 0.358 ± 0.216 of mean petal removal level 

(Table 2). 
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Figure 5. Florivory exerted by insect florivores along thirty plots ranging from 823 to 1411 m a.s.l. in campo 

rupestre plant community, southeastern, Brazil. Data collection occurred between May 2018 and August 2019. a) 

The proportion of attacked open flowers increases along the elevation; b) effect of the elevation in the presence of 

florivory, showing that at lower elevations in plants individuals with greater flower number. 

 

Table 2. Floral damages exerted by insects along the elevation gradient in campo rupestre plant community in 

Serra do Cipó, Brazil between May 2018 and August 2019. Main vegetation type, plot elevation (N=30), 

proportion (mean ± SD) of attacked pre-anthesis floral buds, open flowers, early-stage fruits, and proportion of 

petal removal. 
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Plant individuals with greater flower numbers exhibited greater presence of florivory at 

lower elevations, and florivory incidence decreased simultaneously in individuals with fewer 

open flowers (lower flower number) and as elevation increased (χ2= 69.061, p<0.001, Fig. 5b). 

The proportion of attacked flowers was greater in plants at upper elevations and with longer 

flowering periods and decreased gradually with decreasing elevation and in species with shorter 

flowering periods (χ2=69.17, p<0.001, Fig 6a). In addition, the proportion of attacked flowers 

in individuals with more than 100 flowers was very low regardless of the elevation, but 

gradually increased in individuals with fewer open flowers and with increasing elevation 

(χ2=208.7, p<0.001, Fig. 6b). Lastly, the proportion of petal removal was greater on individuals 
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with greater flowering periods at lower elevations and decreased with the elevation. Overall, 

petal removal levels increased with elevation regardless the species flowering period 

(χ2=0.00177, p<0.001, Fig. 6c).  

Table 3. Results of Generalized Linear Models and Generalized Linear Mixed Models showing the effect of the 

elevation on the presence of florivory, proportion of attacked flowers, pre-anthesis floral buds and early-stage-

fruits attacked and petal removal levels exerted by florivore insects in campo rupestre in Serra do Cipó, between 

May 2018 and August 2019. 

 

 

Figure 6. Influence of the elevation (823-1411 m a.s.l.) in florivory exerted by insect in a campo rupestre plant 

community, southeastern, Brazil. a) Greater proportion of attacked flowers in species with longer flowering 

periods at upper elevations; b) greater proportion of attacked flowers in individuals with larger flower numbers 

regardless of the elevation; c) greater proportion of petal removal in species with longer flowering periods at lower 

elevations. 

 

Response variable Explanatory variable Random factor p χ
2

df Error distribution

Presence of florivory Altitude 0.01695 5.701 1 Binomial

Altitude + display + altitude:display <0.001 69.061 6 Quasibinomial

Attacked flowers Altitude <0.001 57.535 1 Binomial

Altitude + Flower number <0.001 208.7 2 Binomial

Altitude + Flowering time <0.001 69.17 2 Binomial

Altitude + Flower size <0.001 528.53 3 Binomial

Attacked floral buds Altitude 0.8141

Altitude : Flower number 0.0834

Altitude + Flowering time 0.6490

Attacked early fruits Altitude 0.8892

Altitude: Flower number 0.9930

Altitude: Flowering time 0.5260

Petal removal level Altitude 0.1216

Altitude: Flower number 0.08336

Altitude: Flowering time 0.00177 15.051 3 Binomial

Altitude: Flower size 0.005584 19.994 7 Binomail

Plot

Plot

Plot

Plot & Individual
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Overall, 13% (27 out of 207) of the total plant species recorded flowered during 11 

months or more. Nine species produced flowers throughout the 14-month sampling events: 

Aspilia jolyana (Asteraceae), Chamaecrista desvauxii (Fabaceae), Gomphrena incana 

(Amaranthaceae), Tetrapterys microphylla (Malpighiaceae), Vochysia pygmaea 

(Vochysiaceae), Xyris nubigena (Xyridaceae) and form the Melastomataceae Lavoisiera 

confertiflora, Marcetia taxifolia and Siphanthera arenaria. Interestingly, 20% (N= 41) of the 

plant species flowered exclusively during one sampling event. The greatest species flowering 

abundance occurred in early February and accounted for the 10% (1,227 out of 12,340) of all 

sampled plant individuals, followed by early March with 953 out of, and November with 913 

out of flowering individuals. On the other hand, the lowest flower abundances were registered 

in July/19 with 612 individuals or 5% of flowering individuals recorded, followed by June with 

732 individuals, and October with 745 individuals, each one representing 6% of the total 

flowering individuals recorded. 

Greater number of plant individuals flowering occurred in February/18 (1227 out of 

12,340), September/18 (1110 individuals), and August/18 (1071 individuals), and altogether 

accounted for 27% of the total flowered plants sampled. On the other hand, lower numbers of 

flowering individuals were in July/19 (612 individuals), June/19 (723 individuals) and July/18 

(744 individuals), altogether accounting for the 16% of the total individuals flowering during 

the sampling events. Interestingly, the greater number of total flowers (independent of the 

abundance of individuals) occurred in August/19 (9152 flowers), followed by September/18 

(9288 flowers), and August/18 (8637 flowers). The greater proportion of open flowers attacked 

by insect florivores occurred in both sampling events corresponding to July -18 and /19- 

(χ2=215.93, p<0.001). The proportion of flowers attacked by insect florivores showed no 

differences in the months of August/18, February, March, May, June and August/19, while the 

lower attack occurred in October and April (Fig. 7a). Remarkably, the lowest proportion of 

petal removal in single flowers occurred in June/19 and August/19 (χ2=213.95, p<0.001), which 

are also the months with greater flower abundance in the plant community. The greater 

proportion of petal removal on single flowers occurred in May/19 and March while the 

proportion of petal removal by insect florivores showed no differences in the months of July/18, 

April and May (Fig. 7b). 
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Figure 7. Variation on the a) average proportion of attacked open flowers and b) and average proportion of petal 

removal exerted by florivores in campo rupestre plant community, southeastern, Brazil. Data collection between 

May 2018 (red letters in the x label axis) and August 2019 (black letters in the x label axis). Sampling event 

numbers represent: M: May/18; J: early July/18; Au: August/18; S: September/18; O: October/18; N: 

November/18; D: December/18; F: early February/19; Ma: March/19; A: April/19; M: May/19; Ju: June/19; J: 

July/19, and Au: August/19. Different letters mean statistical differences between each month average value.  

 

Flower morphology and insect florivore attack  

Individuals with nectariferous flowers were more common in the 1022 m, 1178 m, 1220 

m elevation plots and altogether represented 17% (915 individuals) of the total individuals with 

nectar producing flowers along the elevation variation. Pollen flowers were more frequent in 

the 1118 m, 1242 m and 1313 m elevation plots and altogether accounted for the 18% (1182 

individuals) of the total pollen-rewarded individuals. The greatest abundance of oil-rewarded 

flowers was in the 1127 m, 1128 m and 1015 m elevation plots, and altogether represented the 

27% (310 individuals) of the total individuals with oil flowers. Flowers with nectar and pollen 

rewards showed greater proportion of attacked flowers at higher elevations, while oil flowers 

showed no differences and (χ2= 239.79, p<0.001, Fig. 8a). Additionally, the proportion of petal 

removal exerted by insect florivores in nectariferous and oil-flower species increased with 

elevation, while the petal removal in pollen-rewarded flowers slightly decreased with elevation 

(χ2= 68.725, p<0.001, Fig. 8b). 

Flowers with actinomorphic symmetry were more frequent in the 1118 m, 1364 m, and 

1242 elevation plots, and altogether accounted for 1498 out of 7717 (20%) of the total radial 
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symmetry flowers. Zygomorphic flowers were more abundant in the 1040 m, 1230 m, and 1178 

m elevation plots and altogether represented 648 out of 3901 (16%) of the total bilateral 

symmetry flowers. Species with asymmetric flowers were more frequent in 1327 m, 823 m, and 

1285 and altogether accounted for 212 out of 722 (29%) of the total species with asymmetric 

corolla. As expected by the hypothesis of less limiting flower morphologies, the attack by insect 

florivores in different flower symmetries was affected by the elevation (χ2= 189.66, p<0.001). 

The greatest proportion of attacked flowers occurred in flowers with actinomorphic symmetry, 

followed by asymmetric and zygomorphic flowers (Fig. 8c). Interestingly, the proportion of 

petal removal on actinomorphic flowers slightly decreased with elevation, while petal removal 

in zygomorphic flowers increased with elevation and petal removal on asymmetric flowers was 

not affected by the elevation (χ2= 61.771, p<0.001, Fig. 8d). 

Species with limiting morphologies to flower visitors were more frequent in plots with 

1118 m, 1022 m, and 955 m elevation, and altogether accounted for 14% or 1,138 out of 8,091 

of the total individuals visited solely by one potential visitor. Species visited by two potential 

visitor groups were more abundant in plots at 1364 m, 1118 m and 1405 m, and altogether 

represented 20% or 655 out of 3,291 of the total plants with two groups of visitors. Finally, 

species with less limiting morphologies to visitors were more frequent in plots at 1201 m, 1227 

m, and 1124 m elevations and altogether accounted for 37% or 358 out of 958 of the total 

individuals visited by three or more groups. The proportion of attacked flowers increased along 

the elevation for species with one, two and three or more potential visitors, however species 

visited just by one visitor group showed greater attack than less limiting morphologies species 

(χ2= 371.52, p<0.001, Fig. 8e). Interestingly, the greater proportion of petal removal occurred 

in species with a single (1) potential visitor group and was negatively related with increased 

elevation (χ2=16.201, p= 0.006293). Lastly, the proportion of petal removal increased in species 

with less limiting morphologies as elevation increased, while flowers from species with two 

potential visitors were not affected by the elevation (Fig. 8f). 



93 
 

 

Figure 8. Floral damages exerted by insects along the elevation variation (800 m a.s.l. to 1400 m a.s.l) in the 

campo rupestre in Serra do Cipó, Brazil. a) The proportion of attacked flowers in nectar and pollen species 

increased with the elevation, b) Proportion of petal removal according to plant species floral reward, c) Proportion 

of attacked flowers according to plant species flower symmetry, d) Proportion of petal removal according to plant 
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species flower symmetry, e) Proportion of attacked flowers according to plant species potential visitors, f) 

Proportion of petal removal according to plant species potential visitors. In e) and f): one potential visitor: 1; two 

potential visitors: 2; and three or more potential visitors: 3+.  

Discussion: 

This study reports novel information about the spacio-temporal variation of damages 

exerted by floral antagonists along an elevation gradient in a tropical mountaintop ecosystem. 

The total number of open flowers per individual and the proportion of small-sized flowers were 

negatively affected when elevation increased. In addition, the presence of insect florivory and 

the proportion of attacked flowers were positively related with increases in elevation, and higher 

presence of florivory occurred on plants with greater flower number. The proportion of attacked 

flowers by insect florivores increases with both elevation and longer flowering periods. 

Moreover, the proportion of petal removal raises progressively when increasing elevation, and 

it was greater in species with longer flowering periods. In months with fewer flowers available 

in the community we demonstrated a greater proportion of attacked flowers by insect florivores. 

Ultimately, we report novel data in the relationship between insect florivores and less restrictive 

flower morphologies along the elevation gradient in the ancient and speciose campo rupestre 

landscape. Species with nectariferous flowers showed greater proportion of petal removal by 

florivores and it increased with elevation. Furthermore, the proportion of attacked flowers 

increased with elevation in flowers with actinomorphic symmetry, while the proportion of petal 

removal in species with several potential visitors was positively related to increased elevation.  

Asteraceae, Fabaceae, Lythraceae and Melastomataceae plant families were the most 

abundant in terms of individuals along the elevation and altogether represented 51% of the total 

plant community. These four plant families were also reported among the most species-rich in 

the floristic survey performed in this mountain range (Mota et al. 2018) and other campo 

rupestre plant communities (Conceição et al. 2016, Silveira et al. 2016). Interestingly, we found 

greater species richness in the Velloziaceae family than Mota et al. (2018), which was also 

among the most attacked by insect florivores (Gélvez-Zúñiga et al. submitted). Our results show 

the lowest abundance and species richness of flowering plants at lower elevations, in Cerrado 

vegetation areas, which differs from the findings of Rocha et al. (2016) and Mota et al. (2018) 

for overall floristic composition in the same study area. This lower plant diversity at lower 

elevations can be related with the fact that we targeted to record only plants with open flowers 

(or at least floral pre-anthesis buds floral buds) which may have caused an underestimation of 
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abundance in these areas. Also, species from Cerrado vegetation exhibit annual or even 

biannual flowering phenologies and this fluctuate greatly between flowering from one year to 

another (Batalha et al. 1997, Oliveira & Gibbs 2000, Batalha & Martins 2004). 

Floral damages exerted by insects were differently distributed along the elevation. 

Florivory and robbery damages occurred throughout the entire elevation, while thieving was 

much less frequent in the plant community but occurred along the elevation gradient. 

Chrysomelidae and Curculionidae beetles along with Hymenoptera represented nearly the 90% 

of insects damaging the flowers in campo rupestre and they behave as florivores, robbers and/or 

thieves (Gélvez-Zúñiga et al. 2018b, Gélvez-Zúñiga et al. submitted). Insect florivory along the 

elevation may be largely influenced by these two extensive groups of insect herbivores since 

flowers represent high energy nutritious sources for beetles (Nicolson 2011, Gottsberger & 

Webber 2018, Vaudo et al. 2020). Probably, the beetle abundance and its ability to tolerate 

harsh environmental   conditions at higher elevations are related to the extension of florivory 

damages along the elevation gradient. For instance, the abundance of Chrysomelidae was 

positively related to increasing elevation regardless of the season in the same study area 

(Ribeiro et al. 1994). Chrysomelidae species can occupy wide elevation ranges and there are 

species well adapted to harsh mountaintop conditions (Ribeiro et al. 1994, Bouzan et. al 2015) 

while feeding mainly in Angiosperms (Konstantinov & Vandenberg 1996). Concomitantly, 

Curculionidae beetles also occupy wide ranges of microhabitats along elevations in temperate 

regions (Williams et al. 2008) and in tropical mountains (Musthafav & Abdulla 2019). 

However, patterns of decreasing Hymenoptera abundance when increasing elevation in campo 

rupestre areas have also been reported for ants (Castro et al. 2020), Aculeata Hymenoptera 

(Perillo et al. 2017) and euglossine bees (dos Santos et al. 2020). Since insect-flower 

interactions are highly context-dependent and because each mountainous environment presents 

its particularities, the presence of species along elevation gradients is a combination between 

the regional environmental scenario and the general elevation phenomena (Körner et al. 2017). 

Hence, studies embracing the beetle-flower interactions, especially Chrysomelidae (but see 

Ribeiro et al. 1994) and Curculionidae species, may help to understand the variation of florivory 

in environmental gradients. 

Floral advertisement along the elevation 

At lower elevations plant individuals produced greater carbon investments in flower 

number when compared to individuals at higher elevations and this number diminished when 
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increasing the elevation. An overall reduction in plant size has been related to physiological 

responses due to variations in environmental conditions in elevation gradients (Hautier et al. 

2009, Parachnowitsch & Kessler 2010, Nagano et al. 2014, Zhao & Wang 2015). For instance, 

in alpine plant species the total flower area diminished when increasing elevation and this 

reduction was greater in species with inflorescences than with solitary flowers (Fabbro & 

Körner 2004). Plant investments in floral advertisement can vary according to differences in 

geographic pollinator assemblages, body size and/or abundance at different elevations (Herrera 

et al. 2006, Gomez et al. 2008, Newman et al. 2014, Nagano et al. 2014, Sun et al. 2014). 

Although single plant populations may respond rapidly to changes in the pollinator assemblage 

by adapting its flower size (Galen l996), it remains to be explored the resulting influence on 

florivory levels. 

The size of the species flower determines its variation along the elevation gradient in 

campo rupestre. Species with small-sized flowers were negatively affected by increasing the 

elevation. Interestingly, this trend for small-sized flowers matches the findings reported by 

Basnett et al. (2019) where the corolla length and the average stamen-stigma distance decreased 

with elevation in ten Rhododendron (Ericaceae) species. These changes were also correlated 

with shifts in pollinator assemblages and nectar robbing by bumblebees along the elevation 

(Delmas et al. 2014, Basnett et al. 2019). In general, a reduction in plant size when increasing 

elevation has been documented mostly in alpine ecosystems (Körner 2003, Alexander et al. 

2009, Hautier et al. 2009, Nagano 2014). Indirect biotic interactions such as florivory by insects 

may also influence plant attributes in elevation gradients (Dohzono & Suzuki 2010), however, 

florivore choices and their impacts in floral attributes at large scales are still scarce. 

On the other hand, species with medium-sized and large-sized flowers were positively 

related with elevation. The fact that species with medium-sized and large-sized flowers 

increased along the elevation might be related to: i) greater plant investments to overcome 

scenarios with less pollinators and lower flower visitation rates at higher elevations (Kelly 1998, 

Galen 1999, Kiełtyk 2021); ii) growing investments in flower advertisemnts to counteract 

increased pollen limitation at upper elevations (Larson & Barrett 2000, Knight et al. 2005, 

Arroyo et al. 2017, Black et al. 2019). Larger floral size has usually been related to favor plant 

attraction to pollinators (Barrett & Harder 1996, Aigner 2005, Fenster et al. 2004, Teixido & 

Valladares 2014); however, the benefits of being more attractive to pollinators may trigger an 

energetic trade-off between the high energetic costs of producing larger flowers and also 

increase attraction to insect florivores (Strauss & Whittall 2006). 
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Opposite to our expectations, we detected a positive relationship between the flowering 

duration (species flowering period) and increasing elevation. In average, plant species at lower 

elevations produced flowers for about nine months, while plant species at upper elevations 

produced flowers from ten to eleven months. This pattern of increased flowering periods at 

higher elevations have been also reported for other systems. For instance, plant species in alpine 

ecosystems invest three times more in biomass allocation to floral structures at upper elevations 

than species at lower elevations (Fabbro & Körner 2004). Conversely, an average trend of 

decreasing flowering period with increasing elevation in herbaceous species from southern 

Germany was reported by Bucher & Römermann (2020), but interestingly insect-pollinated 

species in this elevation gradient showed the capacity to extend their flowering periods to favor 

cross-pollination. Since nearly 60% of campo rupestre plant species are pollinated by insects 

(Monteiro et al. 2021), this could suggest a potential plasticity of plants to extend their 

flowering periods at higher elevations to assure reproduction. However, studies testing specific 

investments in flower attraction to pollinators at upper elevations in campo rupestre should be 

addressed.  

Florivory along the elevation 

The presence of florivory and the proportion of flower attack by insect florivores 

increased with elevation, however elevation did not affect the proportion of pre-anthesis floral 

buds, early-stage fruits or proportion of petal removal. The elevation variation in Serra do Cipó 

shows clear patterns of reduction in mean temperature and intensifications in air humidity from 

69 to 88 % when elevation increased (Fernades et al. 2016b). Also, species abundance, richness, 

diversity and/or ecological functions diminish with increasing elevation for floristic 

communities (Rocha et al. 2016, Mota et al. 2018), free-living herbivores in xeric habitats 

(Ribeiro et al. 1998), Aculeata hymenopterans (Perillo et al. 2017), galling insects (Fernandes 

& Price 1991, Coelho et al. 2018), dung beetles (Nunes et al. 2018), euglossine bees (dos Santos 

et al. 2020) and ants (Castro et al. 2020) in campo rupestre elevation gradients. Along the 

elevation variation in campo rupestre plant species are predominantly pollinated by biotic 

vectors and bees are considered the most important pollinators (Carstensen et al. 2016). Bee 

and wind pollination systems are not affected by elevation, while the proportion of 

hummingbird-pollinated species diminishes as elevation increases, and the proportion of fly-

pollinated species increases at higher elevations (Monteiro et al. 2021). Our results represent, 

to our knowledge, the first broadly record showing the patterns of insects feeding on floral 
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rewards and/or tissues without providing pollination services along an environmental gradient 

along. 

The most interesting scenarios considering insect florivory along the elevation in campo 

rupestre were found when the interaction between elevation and floral advertisements (flower 

number and flowering period) were considered. Remarkably, plants with less number of flowers 

at upper elevations showed little to zero presence of florivory exerted by insects. This suggests 

that the physiological cost of producing and maintaining a greater quantity of simultaneous 

open flowers (Galen et al. 1999, Roddy 2019) when elevation increases might be advantageous 

when avoiding floral herbivores. Concurring with our results, overall greater presence of insect 

florivores is also associated with fewer simultaneously open flowers (Mosleh Arany et al. 2009, 

Penet al. 2009, Ruane et al. 2014, Gélvez-Zúñiga et al. 2018). In addition, when the elevation 

increased, a greater proportion of attacked flowers by florivore insects occurred in species with 

longer flowering periods. In which species at lower elevations and flowering for less than six 

months were the least attacked by florivores. Finally, plant species with fewer number of open 

flowers were more likely to have flowers attacked by insect florivores, and this trend becomes 

stronger as the elevation increases. This suggests that at upper elevations there are fewer flowers 

available in the community and because of this the attack by insect florivores might be more 

severe. For instance, species of Bombus, which are frequently reported at higher elevations, 

usually forage for pollen on the species from the wind-pollinated genus Festuca (Poaceae) when 

floral resources are scarce in Alpine ecosystems (Rasmann et al. 2014). 

The elevation did not affect the proportion of petal removal by insect florivores in the 

campo rupestre plant community. However, when addressing the petal removal in species with 

longer flowering periods an overall increase of petal removal was detected, reaching its greater 

intensity at lower elevations. Plant species with a single flowering event (1 month) showed the 

lesser petal removal levels occurred at lower elevations. A plausible explanation for this trend 

of less petal removal in species with shorter flowering periods might be that short-bloom species 

at lower elevations end up avoiding florivory when compared to species that have longer 

flowering periods (McCall & Irwing 2006). However, there is still much to understand 

regarding the mechanisms of floral herbivory in plant community’s dynamics, especially in 

environments without a marked flowering seasonality, such as campo rupestre (Rocha et al. 

2016). The results reported here represent a framework to go further in the understanding of 

insect florivory dynamics in the speciose and threatened campo rupestre. 
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Variation of insect florivory according to flower availability   

The greater proportion of attacked flowers by insect florivores was in July-18 and July-

19 respectively, which correspond to the months with fewer flowers available in the 

community. Generally, July is characterized by low temperatures and dry weather in the region 

(Madeira & Fernandes 1999, Rocha et al. 2016). In tropical regions insects are more abundant 

during the rainy season (Wolda 1980, Novais et al. 2018) and this matches the greater 

Chrysomelidae abundances in several Brazilian ecosystems (Nogueira-de-Sá et al. 2004, Flinte 

et al. 2009, Linzmeier & Ribeiro-Costa 2013). However, Ribeiro et al. (1994) found that 

abundance of Chrysomelidae did not differ between rainy or dry seasons along the elevation 

gradient at Serra do Cipó. Overall, temperature is the most accurate predictor of temporal beetle 

abundance and species richness, while precipitation show less influence (Wardhaugh et al. 

2018) This may indicate that greater floral herbivory is occurring when there are less abundance 

of inter-specific competitors and may represent an open opportunity to use flower resources 

more extensively. Furthermore, the fact that floral herbivory peaks occurred in the dry season, 

represent an additional constraint for plant species with reproductive strategies in this time of 

the year, and may constitute a great model to test floral herbivory consequences in plant fitness 

for campo rupestre species. Yet, no clear patterns were detected for temporal variation in the 

proportion of petal removal by insect florivores since both the highest and the lowest levels of 

petal removal occurred in the dry season. Finally, these temporal patterns of variation in floral 

herbivory must be addressed by longer sampling periods since flowering dynamics may change 

rapidly from one year to another. 

Less restrictive flower morphologies along the elevation 

Our results partially confirm the hypothesis that less limiting flower morphologies are 

more attacked by insect florivores in the ancient and speciose campo rupestre. We verified that 

petal removal by insects is greater in nectariferous flowers as elevation increases. While petal 

removal levels in pollen-rewarded flowers, which are most commonly related to specialized 

pollination systems (Ollerton et al. 2007), decreased along the elevation. Nectar is an essential 

nutritional resource not only for pollinators but also for florivores (Wäckers et al. 2007), and 

bees forage more frequently on flowers associated with higher nectar concentrations (Nicolson 

2011). Since, bees are the main pollinator in campo rupestre (Carstensen et al. 2016, Monteiro 

et al. 2021), the fact that nectariferous flowers are more attacked by insect florivores may add 

an ecological constraint to plant reproduction at upper elevations. 
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Flowers with actinomorphic symmetry showed greater proportion of attacked flowers 

by insect florivores, and this attack increased with elevation. Surprisingly, flowers with 

zygomorphic symmetry showed greater petal removal as elevation increased. At global scale, 

actinomorphic flowers are related to exhibit higher floral visitors rates than to zygomorphic 

flowers (Neal et al. 1998, Arceo-Gómez et al. 2019). In Alpine ecosystems, zygomorphic 

flowers with bilabiate corollas, which are mainly pollinated by bees, are replaced by 

actinomorphic disk-like flowers as elevation increased, raising the chances of floral visitation 

at upper elevations (Rasmann et al. 2014). Accordingly, in our study species with zygomorphic 

corollas were more frequent at lower elevations reaching the maximum values at intermediate 

elevations, while actinomorphic flowers were more frequent at higher elevations, but also 

reached a peak in-between elevation. Lastly, greater petal removal levels occurred in less 

restrictive flowers in terms of potential flower visitors at upper elevations. Petal removal in 

species with less limiting flower morphologies increased along the elevation, while petal 

removal in species with just one potential visitor group were greater at lower areas and 

negatively related with the elevation. 

This study shows novel records on the variation of florivory exerted by insects in a 

whole plant community along an environmental gradient. Also, it is the first formal 

quantification of overall plant investments in floral advertisement and how these are related to 

variations in insect florivory, floral reward and flower morphology in the speciose campo 

rupestre. The trends and mechanisms underlying insect florivory at a community level are of 

great importance since florivory may ultimately impact, via direct or indirect effects, plant 

reproduction output and overall plant fitness over time. In this regard, the findings of this study 

constitute a first step in the understanding of overall insect florivory in ancient habitats, where 

plant species are highly adapted to impoverished soils with low water retention, dispersal 

constraints, harsh environmental conditions and with predominantly insect pollinated species 

(Silveira et al. 2019, Fernandes et al. 2020, Monteiro et al. 2021). Our results strengthen the 

idea that biotic insect-plant interactions are strongly dependent on the context and that 

simultaneous selective pressures imposed by both biotic and abiotic components, are ultimately 

tracing floral attributes (Parachnowitsch & Kessler 2010, Ruane et al. 2014, Zhao & Wang 

2015, Caruso et al. 2019). Collective efforts to address broader studies on insect florivory are 

highly needed and future studies should explore deeper the mechanisms underlying 

environmental fluctuations of insect florivory dynamics since plants share and compete for 

pollinators while setting barriers against floral enemies (Irwin et al. 2001, Gonzálvez et al. 
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2013). Insect florivory represents an avenue of opportunities to access plant-pollinator-florivore 

interactions in landscapes facing environmental degradation, excessive natural resources 

exploitation and changing scenarios such as tropical mountains and its speciose habitats.  
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Supplementary material 

Figure S2. Most frequent campo rupestre flowering species along thirty plots ranging from 823 

to 1411 m a.s.l. between May 2018 and August 2019 at Serra do Cipó, Brazil. a) Chromolaena 

squalida (Asteraceae), b) Marcetia taxifolia (Melastomataceae), c) Xyris nubigena 

(Xyridaceae), d) Cuphea ericoides (Lythraceae), e) Lavoisiera confertiflora 

(Melastomataceae). 
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Final remarks and future perspectives 

This was a formal study on the florivory exerted by insects on a variety of flowers in a 

speciose campo rupestre plant community. This study began with a simple observation of a 

Velloziaceae flower and from that day on, several questions emerged gradually. Eventually, 

that list of inquiries turned into a project proposal and, inevitably, in a long-term research 

initiative. The first inquiries included a natural history approach; to repeatedly observe and 

write down. That is how the results summarized in Table S1 and Table 2 from the Chapter 1 

were obtained. Here we presented a list of 207 plant species with detailed information about 

floral rewards, flower morphology, shape of the corolla and pollination unit, among others. 

Also, three commonly measured floral advertisements were quantified for each plant species: 

flower number, category of floral size and the species flowering period along 14-motnh 

samplings. Simultaneously, in Chapter 1 were reported the 120 insect morphospecies which 

interacted with the observed flowers, its behavior as flower visitors (potential pollinator, robber, 

thieve, florivore or a combination of those categories), number of plant species visited and the 

floral rewards they targeted. 

After gathering this basic information about florivores and flowers, the natural incidence 

of this insect-plant interaction were measured leading to some interesting results; i) 26% of the 

plants from campo rupestre in Serra do Cipó present signs of damages by florivore insects, ii) 

strict florivory, understood as damages resulted from insect chewing of floral structures, is far 

more frequent than nectar-robbing or thieving in this plant community. However, nectar-

robbing have received much more attention on scientific studies than florivory (Irwin et al. 

2010), may be due to its direct, and in some cases diffuse, relationship with pollination. 

Another, valuable information gathered in the present study is that 7% of the total flowers 
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produced in this plant community (nearly 99,000 flowers recorded) has showed levels of petal 

removal by insect florivores during the 14-month sampling events. The information gathered 

in this study open research opportunities for future hypothesis testing in pollination ecology, 

plant reproduction, insect behavior, functional ecology, among others.  

Details on the relationship between floral attributes and the proportion of attack by 

insect florivores (Chapter 1), and the variation of attacks by florivore insects in an 

environmental gradient (Chapter 2) have answered many other inquiries about insect florivores 

and its flower preferences. Yet, as part of the science method dynamics, there are always other 

inquiries to address, or pathways to go further. One of them is the relation between phylogeny 

and florivory, this highly context-depend biotic interaction. In the Figure 1 is presented the 

phylogeny of the plants recorded in this study, with the plant families attacked the most by 

insect florivores (from left to right: Fabaceae, Malpighiaceae, Melastomataceae and 

Lythraceae) highlighted with green lines. Plant species with greater average flowers attacked 

by insect florivores are denoted with light orange boxes, and plant species with greater 

frequency of attack by insect florivores are denoted in light blue boxes. These trends suggest 

that greater susceptibility to insect florivory may not necessarily be occurring in close related 

plant families, but there may by some characteristics inside plant genus, e.g. Vellozia 

(Vellozciaceae) and Lavoisiera (Melastomataceae), which favor insect feeding on flowers in 

this plant community. However, this is a purely exploratory analysis and formal testes should 

be addressed in the future to unravel the relations between phylogeny and florivory by insects 

in this campo rupestre plant community. 

As the general trends found for the proportion of petal removal by florivores differed 

from the rest of the variables measured for some of the floral attributes analyzed. We explored 

the average petal removal by plant species (light orange boxes) and the plant species where 

proportion of petal removal was more frequent for this subset of the data (light blue boxes) in 

the Figure 2. In this case, we found that Vochysia pygmaea from the Vochysiaceae family 

showed both high average petal removal proportion and frequency, and interestingly this 

species is not grouped within the most attacked plant families. Overall petal removal average 

and frequencies are not densely distributed in certain plant genera, as occurred for the plant 

level attack and frequencies. Hence, phylogeny represents a promising approach to better 

understand florivory by insects in the ancient campo rupestre plant community in Serra do 

Cipó. However, future formal analyses should be addressed to detect reliable and statistically 

robust patterns. Furthermore, the presence of phylogenetic signal in the florivory variables 
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quantified in this study will allow a better understanding of the legacy of evolution in this biotic 

interaction. Hence, to test if there is a phylogenetic signal in the incidence and intensity of insect 

florivory represents the next step in the task of unveiling florivory by insect in tropical speciose 

communities. Synthesizing, I specifically intend to finish this document with an inquiry since 

as in the scientific method, and in nature itself, the end of a cycle represents as well a new 

window of opportunities. 

  

 

 

Figure 1. Angiosperm phylogeny of the plants species recorded to address damages by insect florivores in a campo 

rupestre plant communty in Serra do Cipó, Southeastern, Brazil. Samplings occurred between May/18 and 

August/19. Plant level approach showing: the five plant families most attacked by insect florivores (from left to 

right: Fabaceae, Malpighiaceae, Melastomataceae and Lythraceae) in gren solid lines. Plant species with greater 

mean flowers attacked by insect florivores in light orange boxes. Plant species with greater frequency of attack by 

insect florivores in light blue boxes.    
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Figure 2. Angiosperm phylogeny of the plant species recorded to address damages by insect florivores in a campo 

rupestre plant communty in Serra do Cipó, Southeastern, Brazil. Samplings occurred between May/18 and 

August/19. Flower level approach showing: the five plant families most attacked by insect florivores (from left to 

right: Fabaceae, Malpighiaceae, Melastomataceae and Lythraceae) in gren solid lines. Plant species with greater 

mean flowers attacked by insect florivores in light orange boxes. Plant species with greater frequency of attack by 

insect florivores in light blue boxes.    
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