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APRESENTACAO

A dissertagdo encontra-se composta por uma Introducéo geral, dois capitulos referentes
aos artigos a serem publicados e Concluses gerais.

Capitulo I:

- Temporal segregation of flowering time and plant-pollinator interactions in a
grassland community of Southern Brazil.

Capitulo I1:

- Does grazing intensity influence interactions patterns of a plant-pollinator
network in a subtropical grassland?

O capitulo I estd formatado conforme as normas de submissédo exigidas pela
revista Plant Biology, para qual o artigo foi submetido. O artigo foi aceito para
publicacdo como “minor revision” e encontra-se em vias de ser publicado.

O capitulo 1l esta formatado conforme as normas de submissdo exigidas pela
revista Journal of Ecology.



INTRODUCAO GERAL

Foto: Apis mellifera em flor de Richardia grandiflora



INTRODUCAO GERAL

Ecossistemas campestres: panorama geral

Os ecossistemas campestres cobrem em torno de 40% da superficie terrestre e sdo
caracterizados pela alta diversidade de ervas e gramineas. Estes ecossistemas séo
mantidos por distdrbios, como pastejo e fogo bem como por climas secos e/ou frios
(White et al. 2000). Os ecossistemas campestres desempenham importante papel no
estoque de carbono atmosférico, na manutengdo do ciclo hidroldgico, na ciclagem de
nutrientes do solo, na oferta de alimentos e na oferta de forragens o que evidencia a
importancia mundial deste tipo de vegetacdo na manutencdo de funcdes ecossistémicas
e em termos econdmicos (CCSP 2008).

No Brasil, a paisagem campestre distribui-se nas savanas que compdem o0 bioma
Cerrado, nos campos de altitude da Mata Atlantica nas campinaranas e campinas
Amazonicas e nas savanas inundaveis do Pantanal (Batalha et al. 2001; Alho et al.
2008; Campos et al. 2012). Poréem, € na regido sul do pais que temos a maior
representatividade da vegetacdo essencialmente campestre. Os denominados campos
sulinos estdo distribuidos nos estados do Parana, Santa Catarina e Rio Grande do Sul e
sd0 componentes importantes na paisagem e na economia destes estados (Overbeck et
al. 2007).

No Rio Grande do Sul, os Campos Sulinos dividem-se em duas principais
formagdes: os campos de altitude (bioma Mata Atlantica) e os campos da metade sul
(bioma Pampa) (Wagner et. al. 2013). Segundo Burkart (1975), os Campos Sulinos
constituem uma das regides mais ricas em gramineas no mundo e levantamentos
contabilizam cerca de 2.200 espécies campestres para o Estado do Rio Grande do Sul
(Boldrini et al. 2010). Estas paisagens campestres altamente ricas garantem servicos
ambientais importantes, como a conservacao de recursos hidricos, disponibilidade de
polinizadores e 0 provimento de recursos genéticos. Além disso, estes campos atuam
como principal fonte forrageira para a pecuaria e possuem alto potencial turistico e
cultural (Pillar et al.2009).

O bioma Pampa, que se estende desde a metade sul do estado do Rio Grande do
Sul até Uruguai e Argentina, € bastante complexo e heterogéneo, contendo diferentes
tipos de solo, relevo e fitofisionomias (Santos & Trevisan 2009; Boldrini, et al. 2010).
Esta heterogeneidade da paisagem resulta em uma grande diversidade de flora e fauna,

cuja associacdes ecoldgicas com fisionomias especificas ainda carecem de maiores



informacBes (Bencke 2009).A atividade pastoril manejada é considerada a principal
atividade para a conservacao sustentavel da biodiversidade destes campos nativos, tendo
em vista a crescente degradacdo e descaracterizacdo das pastagens naturais através da
expansdo das atividades agricolas e silviculturais (Overbeck et al. 2007; Santos &
Trevisan 2009; Berreta 2009; Baldissera et al. 2010; Wagner et al. 2013). A dinamica
dos campos esta historicamente associada a ocorréncia de distdrbios. Deste modo, o
pastejo e o fogo, quando adequadamente manejados,tém um papel fundamental, pois
atuam no processo de sucessao, impedindo que espécies competitivamente superiores
dominem a comunidade. Sendo assim, podemos afirmar que o disturbio maximiza a
diversidade de espécies, promovendo uma maior heterogeneidade na comunidade. Este
fato demonstra que as estratégias para conservacdo da vegetacao campestre devem estar
associadas ao manejo das atividades pastoris e do fogo e ndo a sua conservacao através
da supressdo total destes disturbios (Overbeck et al. 2007; Pillar & Vélez 2010).

Os efeitos do manejo das atividades pastoris e do fogo sobre os campos do Rio
Grande do Sul estdo sendo amplamente estudados (Quadros & Pillar 2002; Overbeck et
al.2006, Fidelis et al. 2010, Fidelis et al. 2012, Podgaiski et al. 2013), porém ainda nédo
sabemos como estas atividades influenciam nas interacGes estabelecidas entre plantas e
polinizadores. A pressédo de pastejo que 0s animais exercem sobre as plantas reflete em
modificagdes na abundancia das espécies e na composicéo floristica do campo. Estudos
vém demonstrando que sob uma oferta de forragem (disponibilidade de forragem seca
por kg animal) intermediaria (12%) ha maiores ganhos tanto para os animais como para
as plantas, onde os resultados comprovam uma maior diversidade floristica e riqueza
especifica (Nabinger et al. 2009). Porém, necessitamos compreender como essas
modifica¢bes na composicao floristica dos campos manejados podem estar relacionadas

a mudancas nas interacdes estabelecidas com polinizadores.

Interacdes mutualisticas entre plantas e polinizadores

Dentre as diversas interacfes ecoldgicas registradas entre animal-planta, a
polinizacdo pode ser considerada uma das mais importantes. Isto, porque possui um
papel fundamental tanto na reproducdo das plantas, sendo essencial para a producéo de
frutos e sementes, como na oferta de recursos aos polinizadores, sendo muitas vezes o
néctar e/ou polen sua principal fonte energética (Kearns et al.1998; Ollerton 2011).
Desta forma, a relacdo entre plantas e seus polinizadores pode ser considerada

importante na estruturacdo de comunidades vegetais e ecossistemas, pois atua na



manutencdo da biodiversidade e da composicdo floristica (Constanza et al. 1997;
Kearns 1998 et al; Potts 2010), podendo influenciar, por exemplo, a distribuicdo
espacial, a riqueza, a abundancia e a fenologia das plantas (Copland & Whelan 1989;
Morellato 2004; Moeller et al. 2012; Benadi et al. 2013).

Estudos ressaltam que mudancas provenientes da acdo humana podem
influenciar direta ou indiretamente as relacdes entre plantas e polinizadores. Vazquez e
Simberloff (2004) demonstraram que a introdugdo de herbivoros exdticos em
ecossistemas campestres afeta a dinamica das interacdes planta-polinizador através de
modificacbes na densidade populacional das plantas. Estas mudancas no nimero ou
abundancias das espécies vegetais podem influenciar na organizacdo das redes de
interacdes. Diversos estudos tem evidenciado o quanto as redes de interacdes planta-
polinizador podem ser afetadas por modificacdes na paisagem, como perda de habitat,
fragmentacdo e insercdo de espécies exdticas (Memmot & Waser 2002), assim como
mudancas climéticas (Thébault & Fontaine 2010, Aizen et al. 2012, Spiesman & Inouye
2013), variag0es altitudinais e de precipitacdo (Devoto et al. 2005).

A descricdo e analise das interacdes através da abordagem de redes complexas e
suas estatisticas agregadas permite o entendimento da topologia ou arquitetura das
interacBes no nivel das comunidades. Isto possibilita ganhos em relagdo as percepcbes
sobre sistemas que englobam multiplas espécies que seriam inviaveis analisando cada
especie isoladamente (Jordano et al. 2006; Nielsen & Totland 2013) Além disso, a
estrutura das redes de interacdes pode variar em resposta a alteragcGes na paisagem sem
que haja mudanca na composicdo das espécies (Fortuna e Bascompte2006, Aizen et al.
2013). Estudos sobre restauracdo de ecossistemas abordam as redes de interagdes como
importantes ferramentas para avaliacdo da estrutura das comunidades durante processos
de restauracdo, fornecendo dados sobre um dos mais preocupantes tipos de perda, a
perda de interacdes ecoldgicas (Hegland et al. 2009; Forup et al. 2008).

Para compreender a estrutura e o funcionamento das redes de interacOes
utilizamos as chamadas métricas de redes. A conectancia das redes, por exemplo, é
calculada através do numero de interacdes realizadas (N) em relagdo ao numero de
interacGes possiveis. Neste caso, altos valores de conectancia (préximo a 100%)
indicam maior generalizacdo e redundancia nas interagdes (Nielsen & Totland 2013). O
aninhamento, padrdo de organizacdo geralmente encontrado em redes mutualisticas,
indica que um grupo de espécies especialistas (que interagem com uma ou duas
espécies) associam-se preferencialmente aquelas que interagem com um maior nimero

de espécies. Este padrdo pode ser explicado por diferencas na abundancia dos

9



individuos ou dependéncias assimétricas (uma alta porcentagem de visitas do
polinizador ocorre em uma planta particular (Almeida-Neto et al. 2008; Ulrich et al.
2009). Outras métricas como a modularidade e especializacdo, podem indicar o quéo
especializadas sdo as interacdes estabelecidas na rede como um todo (Dormann e
Strauss 2013).

O entendimento dos processos ecoldgicos como a polinizacdo tem importante
papel no estabelecimento de estratégias e acbes efetivas para conservacdo e manutengdo
das comunidades e ecossistemas (Hegland 2010; Menz et al. 2011; Geslin 2013). Sendo
assim, compreender como esta relacdo responde ao manejo em comunidades campestres
pode fornecer uma importante contribuicdo para o entendimento de processos que sao
importantes na estruturacdo destas redes. Desta forma, esta abordagem nos permite
compreender como os padrdes de redes observados podem estar sendo influenciados
pelo distlrbio e quais processos estdo por tras dos padrbes observados (Kaiser-Bundury
& Bluthgen 2015). Além disso, ainda é desconhecido como 0s mecanismos que
organizam redes - tais como desacoplamentos nas morfologias e na distribuicao espaco-
temporal de plantas e polinizadores ou suas abundancias - contribuem para os padrbes
de interacdo entre espécies ao longo de gradientes de perturbacdo em comunidades

campestres do Sul do Brasil.

Padrdes fenoldgicos determinados por interagdes bioticas

Muito embora esforgos venham sendo feitos na tentativa de melhor conhecer e
compreender a diversidade vegetal do Pampa pouco sabemos sobre os padrdes
fenoldgicos e aspectos reprodutivos das espécies vegetais que compdem 0S campos,
sendo estes importantes fatores na estruturacdo das intera¢fes bidticas e manutencdo das
comunidades (Elzinga et al. 2007). Sabemos que o tempo desempenha um papel
fundamental na reproducéo das plantas, tanto para dispersdao quanto para processo de
polinizacdo (Encinas-Viso et al. 2012).Sendo assim, a fenologia reprodutiva das
espécies é considerada um importante fator na estruturagdo e evolucdo das interagdes
bidticas (Olesen et al. 2008). Grande parte das espécies de plantas depende
completamente ou parcialmente de vetores de polinizagcdo para sua reproducdo. Deste
modo, o periodo em que a plantas expdem suas estruturas reprodutivas é de
fundamental importancia na determinagéo dos potenciais polinizadores o que em muitos
casos esté relacionado com o sucesso reprodutivo das espécies (Faegri & van der Pijl

1979). Muito embora varios estudos tenham focado no papel de fatores abioticos e
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filogenéticos (Kochmer & Handell 1986) na determinacdo dos padrbes fenoldgicos,
outros demonstram que em determinadas comunidades as interacdes bioticas atuam na
determinacdo do padrdo fenolégico observado (Stiles 1977; Newstron 1994; Elzinga et
al. 2007). Estudo realizado por Feinsinger et al. (1986) demonstrou que 72% das
comunidades estudadas apresentam padrdo fenolégico altamente distribuido ao longo do
tempo com sobreposicao minima dos eventos de floragdo, corroborando a “Hipotese da
Competi¢do por Polinizadores”. Deste modo, 0 padrdo fenoldgico segregado pode ser
resultado de forcas seletivas que visem diminuir a competicdo das espécies por
polinizadores (Elzinga et al. 2007). Por outro lado, as espécies podem concentrar seus
eventos reprodutivos de forma agregada no tempo e esta sobreposicdo pode ser um
indicio de ocorréncia de facilitagdo na comunidade, otimizando a atracdo de
polinizadores (Feldman 2004).

A alta sazonalidade encontrada nos campos do sul do Brasil e em areas tropicais
sazonais pode reduzir o periodo de floracdo (Freitas & Sazima 2006; Pinheiro et al.
2008). No entanto, em comunidades sazonais as espécies podem ser mais suscetiveis a
forcas seletivas que determinam o padréo fenoldgico, uma vez que o pico dos eventos
reprodutivos ocorre em um determinado periodo do ano e em um curto intervalo de
tempo (Freitas & Sazima 2006). Embora Diaz et al. (1994), ndo tenha encontrado
evidéncias de forcas bidticas atuantes no padrdo fenoldgico de uma comunidade
campestre na Argentina, mais estudos precisam ser conduzidos em comunidades
campestres sazonais. E preciso também avaliar como a fenologia pode influenciar em
outros aspectos importantes das interacbes planta-polinizador, como no
compartilhamento de polinizadores.

Objetivo geral

O objetivo geral deste trabalho é fornecer dados sobre como o pastejo atua nos
padrdes e processos estruturadores das redes de interacGes planta-polinizador em uma
comunidade campestre do Sul do Brasil, bem como avaliar o padrdo fenoldgico das

especies vegetais da comunidade campestre como um todo.
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Objetivos especificos

O trabalho teve como objetivos responder as seguintes questdes:

1)

2)

3)

4)

5)

6)

Qual o padrdao fenoldgico apresentado pelas espécies de plantas de uma

comunidade campestre do Rio Grande do Sul?

Espécies de plantas que apresentam maior sobreposicdo em suas fases de

floracdo apresentam maior numero ou similaridade de visitantes florais?

Plantas com flores que apresentam diferentes coloragfes apresentam um um

padrédo fenoldgico em particular?

O padrdo de organizacdo das redes de interagbes planta-polinizador €

influenciado por diferentes intensidades de pastejo?

Como se relacionam aspectos ligados a intensidade de disturbio com as

principais métricas agregadas de redes que descrevem os padrdes de interacao?

Ha& diferencas na importancia relativa dos processos (abundancia, fenologia ou
morfologia) que estruturam as redes de interacBGes de acordo com a intensidade

do disturbio?

O capitulo | é enderegado a responder as questfes referentes ao aspecto
fenoldgico das espécies de plantas da comunidade (1-3), ja o capitulo Il busca
responder as questes referentes a influencia do pastejo sobre as redes de

interacdes planta-polinizador.
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CAPITULO I: Temporal segregation in flowering time and plant-pollinator
interactions in a grassland community of Southern Brazil

Foto: Bombus sp. em flor de Senecio heterotrichius
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Abstract Synchrony of phenological events at the community level is a critical aspect
for plants. Distinct phenological patterns, such as aggregated and segregated, act in the
establishment of plant-pollinator interactions and can play a fundamental role in plant
community structure. Working in grazed subtropical grasslands in southern Brazil, our
goals were to (1) describe the plant-pollinators interactions in the grassland community,
(2) investigate the phenological patterns, (3) evaluate the possible association between
flowering synchrony of each plant species with pollinator richness and in the pollinator
sharing, and (4) analyze the phenological pattern of species with distinct flower color.
All 82 flowering species present in 12 study plots were observed monthly along six
months. We used the Co-occurrence index and the Synchrony index to evaluate the
phenological community pattern. Both indexes showed that the community presented
segregated flowering, which a factor that may reduce pollinator competition. We found
no significant relationship between flowering synchrony and similarity of pollinators,
that is, plant species that flower for a long time or together with many species did not
share more pollinators than plants that flower for short time and alone. Some guilds of
flowers visitors preferred flowers with a particular color, which indicated the important
role of visual traits in plant-pollinator interactions. This study is the first to report that
flowering phenology could be structured by biotic components more than by random
processes in these species-rich grasslands. In addition, we show that both the
segregation of flowering time and morphological constraints are important to avoid

pollinator competition between flowering plants.

Keywords: Plant-pollinator interactions, flowering phenology, grasslands, competition
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Introduction

Time plays a fundamental role in plant reproduction, both for the dispersion of
propagules and in the pollination process (Encinas-Viso et al. 2012). The reproductive
phenology of plant species is an important factor for structuring biotic interactions with
pollinators and, ultimately, for shaping evolutionary processes (Olesen et al. 2008).
Even though many studies have focused on the role of abiotic factors, such as
temperature, rainfall or light availability, and of phylogenetic constraints on
phenological patterns (Kochmer & Handell 1986), biotic interactions have considerable

importance for phenological features (Stiles 1977; Newstrom 1994; Elzinga et al. 2007).

Most plant species depend completely or partially on pollinators for
reproduction (Faegri & van der Pijl 1979). The timing of the exposition of a plant’s
reproductive structures is of fundamental importance for the respective group of
potential pollinators which, in turn, are directly associated with reproductive success of
the plant. Plants can present many flowering individuals over a short period of time
(“big-bang”) or can flower for a long period in low intensities (“steady-state”) (Sensu
Gentry 1974). These patterns are extremes of a gradient of flowering strategies defined
by flowering intensity and flowering synchrony among individual plants at the
population level or among plant species at the community level. This leads to different
phenological patterns in the plant community. Concentration of flowering individuals in
time results in an aggregated phenological pattern. Long and steady flowering of
smaller numbers of individuals results in a scenario where species change their
reproductive phases and present low flowering synchrony with others, resulting in

segregated phenological pattern. If we consider pollinators to be a resource ‘used’ by
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plants and essential elements for their reproductive success, the patterns in the plant
community should be expressed and at the same time determined by plant-pollinator
interactions. However, interspecific interactions such as competition (e.g. Stiles 1977)
or facilitation (e.g. Ratchke & Lacey 1985; Feldman 2004) among plant species may
also contribute in shaping phenological patterns. Non-overlapping flowering periods
could be advantageous as they decrease the competition effects. However, a high
flowering time overlap not always indicates a competitive scenario. Ratchke & Lacey
(1985) and Feldman (2004) suggested that facilitation interactions could be observed in
some aggregated pattern of flowering time, resulting in an optimization of pollinator
attraction by higher display of flowers at a given time. This kind of facilitation could
lead to the convergence of phenological time in plant communities (Elzinga et al. 2007).
Diaz et al. (1994), working in mountain grassland of Argentina, found no evidence that
suggested the existence of systematic ecological forces leading to divergence in
phenologies. However, most studies conducted on the community level (72%) found
that flowering periods were distributed over time with a minimum interspecific overlap

support the competition-pollinator hypothesis (Feinsinger et al. 1986).

Distinct phenological patterns of plants with different flower colors (Warren &
Billington 2005) are indicators of the importance of specific interactions between
pollinators and plants, and it is well established that pollinator diversity or the number
of interactions established by a plant species are defined by different characteristics of
the plant that act together, such as resource availability (quantity of nectar, pollen or
oil), morphological traits (color, size and shape of flowers) and flowering time (Bosch
et al. 1997). Robertson (1924) showed that species with greenish flower colors bloom
before others along the year. Similarly, Warren & Billington (2005) found a significant
association between flower color and flowering phenology. Besides, according to the

concept of pollination syndromes, plants have characteristics that reflect their primary
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pollinators and flower color is a determinant trait in the range of pollinators groups

(Faergri & Van der Pijl 1979).

Because of their high species richness (Overbeck et al. 2007), subtropical
grasslands in southern Brazil are interesting systems for the understanding of
phenological patterns and their relation to pollination. The goal of our study was to
answer the following questions: i) Does a grassland community under seasonal
subtropical climate present a clear phenological pattern in time? Our hypothesis is that
the high seasonality found in South Brazilian grassland favours a temporal displacement
in flowering events to avoiding pollinator competition in the short period of flowering
of individual species. ii) Do plant species with longer flowering times and higher
flowering intensities have greater pollinator richness? We expected that species with
longer exposure periods could attract more pollinator species along the flowering
season. iii) Does overlapping of flowering phases among plant species lead to higher
similarity of their flower visitors? We hypothesized that flowering species overlap could
lead to sharing flower visitors. iv) Do plants with different flower colors exhibit
particular flowering phenological pattern? We expected that the species’ phenology did
not depend on flower color and that species with distinct flowers colors presented the

same pattern at the community as a whole.

Material and Methods

Study area

The study was performed at the UFRGS Experimental Agronomic Station (EEA) in
Eldorado do Sul, Rio Grande do Sul state, Brazil (30° 06” 08.68 S, 51° 40” 54.92° W),
from September 2014 to February 2015. The area is part of the Brazilian Pampa biome
and the specific site presented typical grasslands under cattle grazing (with different

grazing intensities). We concentrated our study on the spring and summer months when
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flowering are much more intense than during the other half of the year (Pinheiro et al.

2008).

Flowering phenology and floral visitors monitoring

In 12 sample plots (100 m2 each) all flowering plant species with visually attractive
flowers (i.e., species from the Poaceae, Cyperaceae and Juncaceae were not considered)
were recorded monthly during the period of six months. For each plant species, we
noted abundance (number of individual blooming), flowering period (flower presence or
absence) and flower visitors for each plant species. Per plot, each flowering species was
observed for 15 minutes during three periods of day (9-12h, 12-14h and 15-17h). In
addition to identification of all plants, specimen of all pollinators (when flower visitors
contacted the flower reproductive structures) were collected and identified by help of

the literature or by specialists on the group in question.

Statistical analysis

We evaluated the existence of community flowering phenology patterns by help of Co-
occurrence Analysis (C-Score) using the Software EcoSim 7.0 (Gotelli & Entsminger
2005). The data was organized in a matrix where each plant species represented a row
and each month a column and in which occurrence of flowering events was marked.
The C-score is the number of checkerboard units for all unique pairs of species. In a
community with any phenology pattern, the result should be significantly different than
expected by chance. The observed C-score value was compared with the mean of C-
score values simulated through 10.000 randomizations. When observed values were
lower that the generated values, aggregated phenology pattern occur, and higher
observed values indicate segregated phenology pattern (Gotelli & Graves 1996). In
order to evaluate the importance of flowering intensity, i.e number of individual plants
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with open flowers along time, we calculated the Synchrony index (used as “S” at the
community level and “di” in species level) (Freitas & Bolmgren 2008). The Sgrensen
index was calculated in order to compare the pollinator compositional similarity with
the synchrony of the plant species. We used simple regression analysis to test the
association between the variables flowering synchrony and pollinators similarity and
flowering synchrony and pollinator richness (Zar 1989). In order to evaluate the flower
visitors’ preference for plant species of certain color, we performed a Chi-square

analysis.

Results

During the six months of the study, we found 82 flowering plants species from 26
families (Fig. 2). The families with higher number of species were: Asteraceae (22
spp.), Fabaceae (8 spp.), Rubiaceae (7 spp.), Iridaceae, Malvaceae and Verbenaceae (4
spp.). Of all species observed, 64 (78%) presented at least one interaction with flower
visitors. We observed 165 morphospecies of flower visitors: Hymenoptera (bees: 22
morphospecies; wasps: 17 spp. and ants: 11 spp.), Diptera (61 morphospecies),
Coleoptera (26 morphospecies), Lepidoptera (26 spp.), Blatodea (1 sp.) and Orthoptera
(1 sp.). Insects with higher number of plant interaction were: Hymenoptera (35.76%),
Diptera (25.8%), Lepidoptera (22.1%) and Coleoptera (15.9%). The plant species with
the largest pollinator richness were Vernonanthura nudiflora (Less) H. Rob (38),
Aspilia montevidensis (Spreng.) Kuntze (35), Senecio leptolobus DC. (34), Baccharis
crispa Spreng. (33) and Baccharis articulata (Lam.) Pers. (30), all belonging to the

Asteraceae (Fig.1).

There was a significant segregation in the peak of flowering phases. October was
the month with the highest peak (highest number of species flowering intensively), with

26 species peaking in their phenology events (Fig.2). Both the C-Score and the
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Synchrony index indicated a segregated phenology pattern for the plant community (C-
Scoregps= 1.47 < C-Scoresim= 1.39, p < 0.001 e S = 0.068) (Fig. 3). The synchrony index
calculated for each color group showed that plants with the same flower color also
showed segregate patterns (Yellow group: 0.068, White group: 0.066, Pink group: S=
0.067 and Purple group= 0.068). We found that guilds of flower visitors had preference

for plant species of certain color (Chi-square= 37.50, gl= 15, p=0.001) (Fig.4).

There was a significant, although very low, association between pollinator
richness and synchrony (di) of each species in community (R2=0.08, F=5.49, p =
0.02) (Fig. 5), while the association between similarity (Sgrensen) and synchrony (di)

was not significant (R?2 = 0.02, F = 1.82, p = 0.18) (Fig. 6).

Discussion

The high diversity of flower visitors found in this study corroborates the role of distinct
taxonomic groups in pollination of flowering plants in grassland communities (Pinheiro
et al.2008). Asteraceae was the family with higher flower visitor richness, which
underlines the fact that many species of these groups are generalists regarding

pollinators (Pinheiro et al. 2008; Torres & Galleto 2002).

The staggering of flowering phenology observed in our study increases the
existence of a significant temporal segregation of flowering. We know that flowering
time and period are fundamental parameters for the reproductive success of plant
species (Ratchke & Lacey 1985). The plant species found in our community overlapped
minimally concerning their peaks of phenology, and the pattern differed significantly
from the null model. This result corroborates our hypothesis that the seasonality of the
South Brazilian grassland favours a temporal displacement in flowering events to avoid
pollinator competition in the short period of flowering of individual species. This

nonrandom pattern may be selected by interspecific interactions, such as competition

26



and sharing pollinators, and favour this temporal displacement in flowering events.
Although other factors could be important in the determination of flowering time
(Ratchke & Lacey 1985; Kochmer & Handell 1986; Aizen & Vazquez 2006), previous
studies have demonstrated that competitive interactions are determinant and

fundamental factors in some communities (Stiles 1977; Vazquez et al.2006).

Plants can reduce pollinator competition through a lot of strategies, among them,
temporal segregation of phenological events, spatial segregation and evolution of
distinct floral morphologies. Among various floral traits, flower color is a trait that
promotes an easy visual recognition by pollinators and could maximize the chance of
plant species receive conspecific pollen (Heinrich 1975; Waser 1978; Arnold et al.
2009). Analyses using pseudo-community simulation based on the observed data, as
applied here, improve our understanding which biological process are important in
structuring phenological patterns (Gotelli & Graves 1996). Here, the approach
evidenced that the studied community presented a phenological structure as result of

ecological interactions, possibly plant competition for pollinators.

The seasonality found in South Brazil grasslands and even more so in seasonal
tropical areas (Croat 1975; Pinheiro et al. 2008) could reduce the length of the
flowering period. Therefore, grasslands remain susceptible to selective forces related to
flower visitors (Freitas & Sazima 2006; Pinheiro et al. 2008). In addition, in seasonal
communities, species could be more susceptible to variation and to selective forces in
the peaks of their reproductive events (Freitas & Sazima 2006). Our results did not
support the hypothesis that higher reproductive effort and long flowering time had a
positive association with more flower visitors. Although positive and significant, the
low value of association between di and richness indicates that species with long and
intense flowering phenology (higher di values) have no advantages in relation to species

with short and weak one (low di values). This result could be explained by existence of
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other plant-pollinator restrictions, such as morphology and resource mismatches, only
two of the many factors that govern the establishment of plant-pollinator interactions
(Véasquez et al. 2009). The synchrony values associated to flowering intensity are good
indicators of temporal niche overlap in communities (Freitas & Bolmgren 2008). Our
prediction was that high synchrony values were associated with greatest pollinator
similarity, which, however was not true and leads us to the question why species with
high phenology overlap do not share flower visitors. Our results indicate that preference
of flower visitors to color could be one important explanation, as found in other studies
(Heinrich 1975; Arnold et al. 2009). Color is one of the diverse floral traits that could
be related to occurrence or not of plant-pollinator interactions (Briscoe &Chittka 2001;
Internicola et al. 2008). The results indicated a significant preference of some flower
visitors in determined color group (Fig.4). Heinrich (1975) and Arnold et al. (2009) also
found no association between color and phenology. These studies support the
hypothesis that selective forces could favour flower with distinct colors in several
periods of year (Heinrich 1975, Arnold et al. 2009). Furthermore foraging behavior
could be associated with the resource offer at any given moment of time rather than an
innate preference for certain color. However, flower traits such as color or other visual
traits could contribute to plant-pollinator interactions in studied community. This is
corroborated by our results that showed non-association between flowering synchrony
(di) and pollinator similarity (ps) in community. Therefore, both temporal segregation
of phenological events as well as morphological restrictions seem to be important
strategies for plants to avoid pollinator competition in our system (Raguso & Willis
2002). In addition, we showed that color could play an important role for plant-
pollinator interaction. Although some groups of pollinators showed a preference for a

certain flower color, most plants species, with different colors, were visited by a great
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range of pollinator guilds that could be associated with a generalization of plant

pollinator interactions in this community.

This study is the first to report that flowering phenology could be structured
more by biotic components than by random processes in southern Brazilian grasslands.
Studies with a network approach seem promising to explore distinctive ecological
process, such as morphological matching or mismatching between plant and pollinators,
and abundance in the relation of phenological structure of plant communities and of

flower visitors in Brazilian Pampa grasslands.
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Figures legends

Figure 1. Number of flower visitors (pollinator richness) observed for each plant species
during months of study. The plants species is abbreviated with first letters of genus and

epithet.

Figure 2. Phenogram with number of individuals blooming for each species found
during six months of observations (September, October, November, December and
February). The thick lines represent the flowering peak and dashed lines months where

occur flowering decrease.

Figure 3. C-Score indexes calculated through the randomizations and C-Score observed
(arrow). C-Score index observed is different and higher than C-Scores calculated

indicating significant result (p < 0.001).

Figure 4. Graphic indicate the preference of some flowers visitor for species plants with

certain flower colors.

Figure 5.Simple regression between variables pollinator richness (log N +1) and
flowering synchrony (di). There was a significant, but low relation between analyzed

variables.

Figure 6. Simple regression between pollinator similarity (Sorensen index) and
flowering synchrony (di).The results indicate that no association between these

variables.
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Figure 2.
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Trifolium polymorphum
Linaria texana
Nothoscordum montevidense
Helianthemum brasiliense
Cyperaceae sp.
Glandularia morrubioides
Nothoscordum bonariense
Oxalis eriocarpa
Cerastium sp.

Polygala pulchella

Oxalis lasiopetala

Oxalis conorrhiza
Senecio heterotrichius
Pomaria pilosa
Sisyrinchium sellowianum
Hypoxis decumbens
Hypochaeris megapotamica
Herbertia lahue
Mecardonia tenella
Evolvulus sericeus
Sisyrinchium micrantum
Aspilia montevidensis
Senecio madasgariensis
Desmodium incanum
Chaptalia integerrima
Wahlenbergia linarioides
Aeschynomene falcata
Baccharis articulata
Hypochaeris chillensis
Sisyrinchium paimifolium
Senecio leptolobus
Crotalaria tweediana
Baccharis dracunculifolia
Justicia axillaris
Stenachaenium megapotamicum
Eryngium ciliatum
Borreria capitata
Peltodon longipes
Zephyranthes sp.
Chrysolaena flexuosa
Waltheria douradinha
Borreria eryngioides
Richardia grandiflora
Euphorbia selloi
Eryngium horridum
Stenocephalum megapotamicum
Sida sp.
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Figure 3.
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Figure 4.
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Figure 5.
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CAPITULO II: Does grazing intensity influence interactions patterns of a plant-

pollinator network in a subtropical grassland?

Foto: Curculionidae em Eryngium horridum
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Summary

a.i.l. Here we studied the structure of plant—pollinator networks along a
gradient of cattle grazing intensities in a South Brazil grassland. We hypothesized that
networks should be more complex at both ends of the disturbance gradient due to the
high dominance of ruderal, unpalatable and generalist species of Asteraceae that attract
a wide range of pollinators.

a.i.2. We tested how network metrics changes along the disturbance gradient
and the relative importance of processes such as morphological traits, phenology and
abundance to predict network structure and interactions.

a.i.3. Of the six metrics evaluated, only connectance and interaction eveness
responded significantly. This indicates that most network attributes were preserved
along the disturbance gradient in our system and that generalist species were of high
importance. Our study provides evidence that abundance plays a fundamental role in
network organization in Southern Brazil grassland. Finally, we clarify the role of some
dominant Asteraceae plant species that are avoided by cattle, attract a wide range of
pollinators and thereby help structure and add resilience to plant-pollinator interactions
in these grazing communities.

Synthesis: Plant-pollinator networks changed little along the gradient of grazing
intensity, and these interactions thus show high resilience in response to grazing
activity. In grassland communities of Southern Brazil, plant-pollinator interactions
apparently do not serve as indicator for grassland conservation or degradation. Key-
words: Grazing management - land use - intermediated disturbance -network

interactions — ruderal species
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Introduction

Pollination is an important process in the assembly of plant communities. It
contributes to maintenance of diversity of both plants and pollinators and influences the
species spatial distribution, richness, abundance and phenology (Costanza et al. 1997,
Potts et al. 2010; Moeller et al. 2012). At the community level, the variation in diversity
or specificity of mutualistic interactions emerges as a complex network, specifying who
pollinates whom, and who provides resources for whom (Olito & Fox 2015). The
analysis of networks between flowering plants and their pollinators has been widely
used to understand plant-pollinator relationships at community level and to detect
changes in pollination processes along ecological gradients (Basilio et al. 2006;
Bascompte & Jordano 2007; Nielsen & Bascompte 2007). Pollination interaction
networks often exhibit highly conserved structural properties such as nestedness,
skewed degree distribution and asymmetry in the strength of interactions (Jordano et al.
2003; Vazquez et al. 2009; Olito & Fox 2015). These patterns may be driven by neutral
(abundance) and niche-based (i.e. morphology and phenology traits) processes.
However, in any given network, these processes are not exclusive, and factors such as
abundance, species traits, phenology and phylogeny may act mutually on the structure

of ecological networks (Verdu & Valiente-Banuet 2011; Vizentin-Bugoni et al. 2014).

Several structural properties, i.e.,properties that can be described by network
metrics, are known to confer stability to plant-pollinator networks (Tscharntke &
Tylianakis 2010; Thébault & Fontaine 2010). For instance, connectance indicates higher
generalization levels and redundancy of connections in network (Bascompte et al. 2003)
while nestedness, i.e. pattern emerging when specialists interact only with generalists,
and generalists interact also among themselves, may be linked to higher resilience

(Okuyama & Holland 2008). Assessment of these and other metrics, such as interaction
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evenness, complementary specialization and web asymmetry (Kaiser-Bunbury &
Bluthgen 2015), are useful to describe pattern of interactions among assemblages and
are especially relevant in a conservation context, because some of these prevalent
patterns may be linked to responses to landscape use or habitat fragmentation (Nielsen

& Totland 2014; Klein et al. 2007; Spieman 2013).

Disturbances are important processes in many natural systems, and particularly
in tropical and subtropical grasslands that evolved under fire and grazing pressures
(Cingolani et al. 2005; Veldman et al. 2015). Grazing and fire at intermediate levels
often increases plant community diversity and complexity, i.e species richness,
composition and vegetation heterogeneity (Overbeck et al. 2005), and both processes
also affect plant phenology, abundance, composition and diversity of species (Grant et
al. 1996; Jones, Lawton 1989; Pykala 2004). Indirectly, these disturbances may affect
other trophic levels, such as soil organisms (Neilson et al. 2002), spiders (Podgaiski et
al. 2013) and birds (Baker & Guthery 1990; Develey et al. 2008), but also pivotal
ecological processes such as pollination (Vazquez & Simberloff 2004; Lazaro et al.

2015).

The specific effects of grazing on plant—pollinator interactions should depend on
grazing intensity, however this hypothesis remains poorly investigated. A recent study
in Mediterranean garrigue supported the idea that at intermediate levels of grazing,
generalization, diversity, number of links and evenness of interactions are highest,
which can be interpreted as indicative of high community stability (Lazaro et al. 2015).
However, this relationship may not be true in other grazed systems. Contrasting to these
findings, for instance, lower diversity and generalization at intermediate grazing levels
have been found in a pollination network in Mongolian steppes (Yoshihara et al. 2008).
A potential explanation may be differences in species richness between both networks

as well as distinct effects of different grazing animals, depending also on their role in
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the evolution of the system (Lazaro et al. 2015). Likely, differences in productivity
should also be important, as they have been shown to be important drivers of the

response of the plant community to disturbances (Lezama et al. 2013).

Here, we investigated how and in which extent grazing intensity by cattle
influences plant-pollination networks in Pampa grasslands in southern Brazil. In this
region, high grazing levels leads to vegetation dominated by low growing grasses,
which form a short sward, ruderal species and an increase in abundance of unpalatable
Asteraceae species (e.g. from the genera Vernonanthura H. Rob. and Senecio L.),
besides favoring small flowering forbs (e.g. Mercadonia Ruiz & Pav., Oxalis L. and
Euphorbia L.) (Boldrini & Eggers 1996). On the other hand, low grazing causes
dominance of tussock grasses and shrubs, such as of the genus Baccharis L. (Overbeck
et al. 2007). Some studies have shown that plant species richness is highest at
intermediate levels of grazing in this region, where we can observe co-occurrence of
species from different functional groups and a decrease in number of dominant and
ruderal species (Boldrini & Eggers 1996; Pillar & Focht 2010). This increase in plant
diversity at intermediate grazing levels also is beneficial for livestock cattle
performance, hence the management strategies focused in maintenance of intermediated
grazing levels (Milchunas et al. 1988; Soares et al. 2005). However, a considerable
portion of the increase in plant diversity is related to the grass component (i.e
coexistence of tussock grasses and rhizomateous species), non-pollinator dependent
species, and the real effect of intermediate grazing on plant pollinator interactions

remains unknown.

Based on previous findings of the effect of disturbances on the structural
properties of plant-pollinator networks in different ecosystems around the world, we
hypothesized that networks should be more complex at both ends of the disturbance

gradient (in our case, grazing) because: 1) the high dominance of ruderal, unpalatable

46



species of Asteraceae together with the occurrence of small pollinator dependent herbs
enhance the complexity of plant-pollinator network at high grazing levels and 2) the
high dominance of abundant and generalist Baccharis species promote higher network
generalization and pollinator diversity at low grazing levels. In our case, network
complexity should be related to larger networks that are more connected, show higher

nestedness, higher modularity and are more generalized.

Secondly, we investigate if there were any changes in the dominant processes
that structure the networks across the gradient. We hypothesized that species
abundances should be the most important factor determining plant-pollinator
interactions at low grazing intensity or grazing exclusion. This should be true to the
high dominance of some abundant and generalist Asteraceae species, mainly shrubs,
that attract a wide range of pollinators at low or no grazing, and due to the increases in
the abundance of ruderal Asteraceae species and small insect-pollinated herbs at high
grazing intensities. At intermediate grazing levels, on the other hand, processes such as
morphology match are expected to play an important role due increase functional
diversity (floral traits) promoted by higher plant diversity (Fontaine et al. 2006).
Finally, we hypothesized that flower phenology of this community could also influence
response to grazing, together with other processes. Although the grassland we worked
in presents a segregated flowering pattern, plants that flowered for a long time did not
have more interactions than shorter flowering ones (Oleques et al. accepted). This
suggests that other factors, such as abundance or morphology could determine the plant-

pollinator interactions in the studied community.

Material and Methods

Study area and grazing intensities
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The study was performed at the Agricultural Experimental Station (EEA) of the
Universidade Federal do Rio Grande do Sul, Eldorado do Sul, Rio Grande do Sul state,
Brazil, from beginning of September to end of February of 2014 (spring and summer
season). This region of southern Brazil presents a subtropical climate and is
characterized by dominance of grassland vegetation (Overbeck et al. 2007). Livestock is
one of the main economic activities in the region and has an important role for
conservation and maintenance of grasslands and their biodiversity (Nabinger et al.
2000). The EEA historically has native grassland managed under different herbage

allowance (availability of dry forage per kg animals) and grazing intensities.

We allocated twelve sampling plots with 100 m? (minimum distance between
plots: 100m) situated grazing gradient ranging from overgrazed sites to sites in an
ungrazed area that has not been grazed by livestock for at last 10 years. Sites with
leafcutter ants were avoided. For our gradients, we made use of a long-term experiment
of different grazing intensities (Nabinger et al. 2009). Location of each plot along the
gradient was determined by evaluation of mean value of vegetation height in each
sample area. This variable is known to be highly correlated to grazing intensity and
plant diversity: increase in mean height is a consequence of decreasing grazing pressure
that results in higher plot-scale plant richness and functional diversity (Ferreira-Abreu
2014). After a visual pre-selection of sites, we measured vegetation height at 25 points
within each, ordered them according to mean height and then selected twelve plots

better scattered along the grazing intensity gradient.

Sampling of Plant-pollinator interactions

In the 12 sampling plots, all flowering plant species with visually attractive

flowers (i.e., species from the Poaceae, Cyperaceae and Juncaceae were not considered)
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were recorded monthly during a period of six months. For each plant species, we
measured flower abundances (total number of flowers), flowering phenology (flower
presence or absence) and flower visitors for each plant species. Per plot, each flowering
species was observed for 15 minutes during three periods of day (9-12h, 12-14h e 15-
17h). In addition to identification of all plants, specimen of all potential pollinators (i.e.
flower visitors who contacted the reproductive structures of the flowers) were collected

and identified with specific literature or by specialists of each group.

Phenology, abundance and morphology of plants and pollinators

Sampling was conducted monthly for six months, summing up to six sampling
days per plot. In each plot, we assigned presence/absence of flowers to each plant
species as phenology and estimated the number of individuals per flowering species as
the number of open inflorescences (single flower or capitulum). The total number of
inflorescences was considered as the abundance of each plant species, as the total
number of flowers produced and the number of individuals are correlated strongly and
linearly and because flower abundance (not abundance of plants per se) matter from a
pollinator perspective (Vazquez et al. 2009; Vizentin-Bugoni et al. 2014; Olito & Fox
2015). Pollinator phenology was assessed by presence/absence of each morphotype
during each month and abundance as the frequency of species occurrence in each plot

along the study.

In order to construct a morphology coupling matrix, we measured corolla tube
length for plants and potential pollinator's tongue length for insects, using two to 10
individuals per species. We classified species from both groups into three length
classes, respectively (Olito & Fox 2015): Plants - 1) open corolla (up to 1 mm), 2) small

(1 to 5 mm) and 3) large corolla tube length (more than 5 mm). For pollinators - 1)
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without long mouth apparatus (up to 1 mm), 2) small mouth apparatus (1 to 5 mm) and
3) large mouth apparatus (more than 5 mm). Based on this, we classified interactions
into the following morphology match categories: 1) possible, but improbable (plants
with large corolla and pollinator without proboscis or tongue), 2) possible (plants with
small corolla and pollinator without proboscis or tongue, or plants with large corolla
and pollinator with small proboscis or tongue), and 3) adequate match (plants and

pollinator of corresponding classes).

Analyses of the plant-pollinator network structure and structuring processes

All the statistical analyses reported here were conducted in R 2.15.3 (R
Development Core Team 2008). In order to test if grazing changes the structure
propriety of the networks, we calculated: nestedness, connectance (C), modularity
(QuabiMo), specialization (H'2), interaction evenness (IE), besides the number of
species and links (See more details in Vazquez et al. 2009; Vizentin-Bugoni et al.
2014). At the species level, we calculated species strength (s strength) to identify the
keystone species within each networks. The observed metric values were related to
vegetation height which we used as a proxy for ‘grazing intensities’, in order to test
their distributions along to disturbance gradient. We used Akaike criteria to test linear
and quadratic curve fitting models (AlICc, corrected AIC for small sample sizes),

selecting models with the lowest AlCc values.

For each sample plot, we created a quantitative matrix containing all observed
pair-wise insect—plant interactions, containing potential pollinator species in lines (i),
plants species in columns (j) and number of visits in cells (ij). Also, three probabilistic
matrices were created: a matrix where the abundance of each plant species was
multiplied by the abundance of each flower visitor (A), another matrix based on

phenological overlap, where the cell was filled by the number of months that each plant
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and pollinator co-occurred along the study (P) and another matrix based on the
morphological match, considering the three coupling categories cited (M). All matrices
were created for each sample plot representing different grazing intensity along the

vegetation height gradient.

In order to evaluate whether abundances, phenological overlap or morphological
match were able to predict the observed frequencies of interactions change along the
grazing gradient, we used the framework proposed by Vazquez et al. (2009) and
adapted by Vizentin-Bugoni et al. (2014). First, the probabilistic matrices based on
abundances (A), phenological overlap (P) and morphology coupling (M) and all
possible combinations among them (AM, AP, PM and APM) were produced and then
normalized, i.e. division of cells values by the matrix sum (total number of observed
interactions). Then, we used a likelihood approach to relate the observed matrix of each
plot with each model, i.e. probability matrices. Finally, we used the Akaike information
criteria (AIC) to evaluate the prediction ability of each model and then AAIC to find the

model with the best prediction ability in each plot along the gradient.

Results
Plants and pollinator diversity

A total of 3443 links were observed among 165 morphospecies of potential
pollinators and 64 flowering plant species (Fig.1 and supplements): Hymenoptera (bees:
22 morphospecies; wasps: 17 spp. and ants: 11 spp.), Diptera (61 morphospecies),
Coleoptera (26 morphospecies), Lepidoptera (26 spp.), Blatodea and (1 sp.) Orthoptera
(1 sp.). The plant families with highest numbers of species were: Asteraceae (22 spp.),
Fabaceae (7 spp.), Rubiaceae (6 spp.) and Verbenaceae (4 spp.). The plant species with

the largest pollinator richness were Vernonanthura nudiflora (38 spp.), Aspilia
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montevidensis (35 spp.), Senecio leptolobus (34 spp.), Baccharis crispa (33 spp.) and
Baccharis articulata (30 spp.), all belonging to Asteraceae family. A. montevidensis was
the most important species, based on the s strength values, for seven plots (Table I) and
B. crispa, B. articulata and V. nudiflora were the most important in the other five plots.
With exception of Eryngium horridum (Apiaceae), all the key-species recorded

belonged to Asteraceae family.

Flowering period was relatively similar for the majority of plants (x 2.0 months),
with only six species (9%) flowering for more than three months and 10 species
(15.6%) flowering only one month. Flower abundance varied among species with 23
species (35.9%) produced more than 100 flowers, and only three species (4.68%)
produced more than 1000 flowers (B. articulata- 1100 flowers, B. crispa -1824 flowers,
V. nudiflora -1117 flowers). From the 165 pollinators recorded, only 25 (14.8%) had
more than 10 individuals and 12 had more than 50 individuals in total. The most
abundant insects were Apis mellifera (224 individuals) and Camponotus blandus (172
individuals). The most abundant plant species and pollinators changed along the
gradient of disturbance (Table I1). Most pollinators were rare with occurrence in only
one month and only 30 morphospecies (17.85%) occurred more than two months. With
regards to flower morphology, 27 plant species (42%) did not present a corolla tube.
Only few plant species had a mean corolla length longer than 10 mm (Ruellia
hypericoides - 20 mm, Ruellia morongii - 14 mm, Stenachaenium megapotamicum -
12.15 mm, Glandularia morrubioides- 11.9 mm, Senecio heterotrichius - 10.43 mm,
Richardia grandiflora - 10.25 mm). Among pollinators, only seven species had
proboscis greater than 10 mm: Heraclides austrialis — Nymphalidae (20 mm), Euryades
coretrhus - Papilionidae(16.5 mm), Agraulis vanillae - Nymphalidae (15 mm),

Hylephyla phyteus - Hesperiidae (15 mm), Polistes vibex catilina - Hesperiidae (13.6
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mm), Urbanus sp. — Hesperiidae (12 mm) e Vanessa braziliensis- Nymphalidae (11

mm).

Grazing gradient and networks structure

In general, networks showed low values of connectance (0.10 £ 0.01; mean £
standard error, respectively), specialization (0.62 = 0.03) and interaction evenness (0.52
+ 0.05). The nestedness values present a larger variation (from 6.3 to 17.4) than
modularity (from 0.14 to 0.59). The largest networks had 88 species (26 plant species
and 61 pollinators) and the smallest had 36 species (12 plant species and 26 pollinators).
The largest numbers of links were found in a network at an intermediate position along
the grazing gradient (565 links) and in a network with absence of grazing (404 links;

Table 111).

Most networks attributes, such as number of links and species, modularity,
specialization (H’2) and nestedness did not change in response to the grazing gradient.
However, connectance was highest at the extremes of the gradient (R=0.42, p=0.03,
Fig.2) and interaction evenness decreased at low grazing intensities (R=0.41, p= 0.02;

Fig. 3) (Table IV).

Processes affecting network proprieties

Regardless grazing intensity, species abundance was the best predictor (lower
values of Aic) of the frequency of interaction among plants and pollinators, with all
models including abundance alone performing better than the ones including
phenological overlap and morphological matching (Table V). Indeed, there was a

significant association between the probability of interaction within the abundance
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matrix and the frequency of observed interactions (Fig.4), indicating that abundance

was also a good predictor of the interaction frequency between plants and pollinators.

Discussion

According to our predictions, some network attributes changed in response to grazing
intensities indicating more complexity at the extremes of gradient. However, only
connectance and nestedness, but not specialization, modularity, interaction evenness,
number of links and species were significantly affected. This indicates that most
network attributes were preserved along the disturbance gradient in our system and
could indicate the high resilience of plant-pollinator interactions related to grazing
disturbance. We also showed that the most important determinants of the network
structure remains unaffected by grazing and that species abundances played a
fundamental structuring role in these plant-pollinator networks. Finally, we clarify the
role of some plant groups that are avoided by cattle and thereby contribute to the

maintenance and structure of plant pollinator interactions in grazing communities.

A steraceae was the richest plant family in our grassland, corresponding to the
importance of this family in South Brazilian grasslands in general. Asteraceaen species
were visited by a wide range of pollinators, and, additionally, most of the species with
high ‘s strength values’ belonged to the Asteraceae. Several studies have shown the
importance of Asteracaeae for resource availability to pollinators, and consequently
with the highest number of interactions (Torres & Galleto 2002; Antonini & Martins
2003; Pinheiro et al. 2008). Therefore, Asteraceae, besides being one of most abundant
families of angiosperms in grassland communities (Boldrini 1997; Matzenbacher 2003),
represent an important group regarding resource availability for pollinators in South

Brazilian grassland. Attractiveness of Asteraceaen flowers for floral visitors are well
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known: they have inflorescences with a large number of flowers, small floral tube size
and presentation of secondary pollen, i.e., they allow free access to the resources (nectar
and pollen) to a wide range of floral visitors (Proctor et al. 1996; Torres & Galleto

2002; Pinheiro et al. 2008).

Considering the potential pollinators, Apis mellifera (non-native honeybee) and
Camponotus blandus (ant) were the most abundant species in the community.
Honeybees are known for their high abundance because they form extremely long lived-
societies with activity along all seasons (Westernkamp 1991). They also present a very
generalist foraging and extremely competitive behavior that could lead to the
displacement of native bee populations (Aizen & Feisinger 1994); the fact that they here
were the most abundant species of pollinators is emblematic for the risks posed by this
exotic species. Ants were, in addition to bees and wasps, another important group of
animals. There is a high number of plant species whose flowers are visited by ants
(Garcia et al. 1996), including in grassland communities (Herreta et al. 1984). The role
of ants as effective pollinators is contradictory and poorly understudied. Some studies
have showed that ants present antibiotics which may be detrimental to pollen and that
they also could steal nectar from flowers, causing damage and reducing the likelihood
of later pollinators' visits (Dutton & Frederickson 2012). On the other hand, ants could
act with effective pollinators of some ant-pollinated species and contribute to increase
fruit set and enhance the reproductive success (Gomez 2000; Ashman & King, 2005;
Blancafort & Gomez 2005). In our study system, ant species were related mainly to
Baccharis species and further studies should be conducted in order to test the
effectiveness of them as pollinator. Altogether, the most important pollinator species,
based on their ‘s strength’ values, varied along the gradient of disturbance, but all

species are associated with Asteraceae species.
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Grazing gradient and network structure

n general, the studied grassland showed intermediated values of nestedness and
specialization and low values of modularity and connectance. Interaction evenness
reflects the homogeneity of interaction frequencies across all links in the network. Then,
the highest interaction evenness values found at high grazing areas reflected more
uniform spread of interaction among the species in the community. (Kaiser-Bunbury &
Bluthgen 2015). At the other extremes of the gradient, a small number of dominant
species concentrate a high number of interactions while the other species are less
abundant and visited decreasing the interaction evenness values. The intermediated
values of specialization associated with low modularity and connectance suggests a high
generalization within the network, where the species are less dependent of a particular
pollinator. This makes the network less vulnerable to species losses (Kaiser-Bunbury &

Bluthgen 2015).

The higher values of connectance at the extremes of the gradient suggest that the
high dominance of ruderal, unpalatable species of the Asteraceae, such as Senecio and
Vernonanthura, both genera that are rejected by cattle even at high grazing intensities
(Mabry et al. 1977), together with the occurrence of small pollinated dependent herbs
from other plant families enhance the plant pollinator network at high grazing levels.
Additionally, high dominance of Baccharis species that are highly abundant, generalist
and also rejected by cattle (Pillar and Focht 2003), promotes higher network

generalization and pollinator diversity at low grazing levels.

Thus, in our study, intermediate livestock grazing by cattle does not increase the
generalization and complexity of plant-pollinator network, contrasting the IDH
(Intermediated Disturbance Hypothesis - Connel, 1978) and the findings by Lazaro et

al. (2015). Instead, we observed a decrease of network connectance at intermediated
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grazing levels and an increase in interaction evenness at higher grazing intensities. The
lower values of interaction evenness found at lower grazing intensities are an indicative
that most plant species had a small number of interactions and that a small core of
species and their links dominate the community (Nielsen & Bascompte 2007). This is
because the lower grazing areas are dominated by unpalatable shrubs, such as Baccharis
species that are among the most abundant species within the community, producing a
large number of flowers and thereby concentrating most network interaction present at
these sites promoting a decrease in interaction evenness. Therefore we corroborate the
hypothesis that the dominance of unpalatable, abundant and generalist shrubs species of
Asteraceae could define the principal network proprieties in these grazing areas. The
role of shrubs for plant pollinator interactions in grassland community was evidenced
by Lara-Romero et al. (2015) that showed highest flower visitors and visits in grassland
encroached by shrubs, besides their clear contribution to higher linkage and strength of

networks.

Several studies have showed an increase of plant diversity in intermediated
levels of disturbance in our study region (Boldrini & Eggers, 1996; Isselstein, Jeangros,
& Pavlu, 2005; Nabinger, Moraes & Maraschin, 2000), but our findings suggest that
this does not translate into a greater complexity of pollination networks. The increase in
plant diversity related to higher structural heterogeneity in consequence of the co-
existance of grasses related to different disturbance intensities results in an increase of
spider and other arthropods functional diversity that are more susceptible and dependent
to changes in structure of vegetation (Podgaiski et al. 2013; Ferreira-Abreu 2014).
However, changes in structure of vegetation did not substantially affect plant-pollinator
interactions, as those plant species that respond mostly clearly to the grazing intensities

— grasses — are of no importance for potential pollinators.
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There are plausible reasons why our results differ from that of Lazaro et al.
(2015) whose study supported the IDH. First, there are pronounced differences in
functional groups of plants in studied system: robust flowering shrubs dominate the
Mediteranean garrigue vegetation (Hadar et al. 2009), and this functional group of
plants has an important role for pollination interaction. In South Brazilian grasslands, in
contrast, we find distinct groups of flowering plants — albeit predominantly from the
same plant family, Asteraceae — in high abundance at both ends of the gradient, while
flower abundances were lower at intermediate grazing intensities, where we observed a
high richness of typical grasses species (Boldrini & Eggers 1996; Pillar & Focht 2003).
Second, goats and sheeps present forb-biased foraging and reduce the floral diversity of
insect-pollinated species at high grazing levels. On the contrary, cattle present grass-
biased foraging and are more selective (Rutter 2006; Vavra et al. 2007); nonetheless,
they avoid especially the unpalatable insect-pollinated plants from the Asteraceae

(Mabry et al. 1977; Cruz et al. 2010).

Only two of six network metrics measured changed in response to grazing
intensities. Two factors could be responsible for this: First, species of Asteraceae were
the key-species, based on s strength values, of networks along the entire disturbance
gradient. The constant presence of Asteraceae species along the gradient demonstrates
that this group of plants plays an important role in structuring network. The differences
in connectance and interaction evenness result from the increase in some Asteraceae
species dominance in extremes levels of gradient, yet this does not bring about changes
in other measured network attributes. Second, as mentioned previously, our data suggest
that the differences in grazing intensities — with exception of the extremes of the
gradient, as already discussed — are more important for the structural diversity of the
grass component than that of the other species. Grazing acts directly on the balance of

rhizomateous and tussock grasses, with the latter increasing in cover at lower grazing
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pressures (Boldrini & Eggers 1996). However, these changes, associated to increases of
diversity of grasses at intermediate disturbance levels, do not have effects on the

pollination network, as these species are not pollinator dependent.

Ferreira-Abreu (2014), working in the same region as we on the effect of
different grazing management, found a positive relationship between plant functional
diversity and arthropod diversity orders, with highest plant functional and arthropod
diversity at higher grazing level. However, only spiders and beetles responded to
grazing intensity and plant functional diversity, because these groups are more
susceptible to changes in structure of grasses species promote by livestock grazing (i.e
cover of tussock and prostate grasses). As Ferreira-Abreu (2014) worked with order
diversity and structural characters of vegetation, we can expect different results in our
study that investigated specific insect guilds and reproductive aspects of plants.
Therefore, we observed that plant-pollinator interactions are very resilient to grazing

disturbance in our studied system.

Process affecting network proprieties

Abundance was the best predictor of the interaction frequency between plants
and pollinators, independent of grazing intensities. Previous studies have showed that
neutral processes, such as abundance have an important role in determining network
interactions structure (Véazquez et al. 2007; Vazquez et al. 2009; Verdu & Valiente-
Banuet 2011). This means that individuals interact randomly, independent of
morphological traits or specializations. Thus, the most abundant species interact with a
great number of partners and with larger frequency than other. In our study system,
Asteraceae species was the most abundant; as mentioned above, they are also known for

their generalist floral traits that attract a large number of pollinators. Hence, changes in
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abundance of this species along the grazing gradient could affect directly the abundance
of pollinators within the plots. The gazing activity affects plant population density and
abundance and consequently pollinator abundance, strengthening the role of abundance
for plant-pollinator network in the community studied (Vazquez & Simberloff 2004).
Although the differences in abundance of species were not be enough to change most of
the metrics measured, we can appoint abundance as determining process for network

pollination in the grazing grasslands communities.

Processes such as morphology traits and phenology can have important role in
plant-pollination network as evidenced by Vizentin-Bugoni et al. (2014), but these
processes could be more determinant for specialized system, such as plant-hummingbird
interactions where morphological traits could restrict plant-pollinator interactions or
when the community presents a flowering pattern along the year. The community
studied here presented very generalist traits with little variation of measured attributes.
This indicates that morphology does not have an effect on plant-pollinator interaction in
the studied system. Although the studied community present flowering seasonality
(Pinheiro et al. 2008) and a segregated flowering pattern (Oleques et. al 2016) the

model that include phenology was no good predictor of observed interactions.

In summary, this study reports that the high structural diversity of the plant
community at intermediated grazing levels did not lead to changes or more complex
plant-pollinator networks in subtropical grassland communities. We provide evidences
that abundance play a fundamental role in network organization in our study system.
Intermediate grazing has been pointed out to be compatible with the conservation of
plant diversity (Boldrini & Eggers 1996; Pillar & Focht 2003) and also promotes habitat
heterogeneity that increases diversity of some groups of animals, such as spiders and
beetles (Ferreira-Abreu 2014). Pollinator richness and diversity, in contrast, is not

enhanced at intermediate grazing levels, because the most generalist plants have
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especially high abundances at the opposite extremes of the gradient, promoting large
and complex networks. Altogether, in our system, plant-pollinator networks change
little along the gradient of grazing intensity, and thus — demonstrated an important
attribute of these plant-pollinator communities: the high resilience to grazing

disturbance.
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Tables

Table I - The two most important plants and pollinators according the S strenght index calculated.

Vegetation heigth Plant species S strenght Pollinators S streng
High 9.56 A. montevidensis - S. leptolobus 88-66 Collectidae sp. - Sarcophagidae sp. 15-13
grazing 11 V. nudiflora - A. montevidensis 83-48 Apis mellifera - Bombilidae sp. 23-12

E 14.08 B. crispa - V. nudiflora 10.0-77 Acalyma sp- - Camponotus sp- 34-14
i 17.08 A. montevidensis- V.nudiflora 7.1-6.7 Acalyma sp. - Camponotus blandus 7.2-2.5
; 21.6 A montevidensis - E. horridum 80-76 A mellifera - Halictidae sp2. 21-20
: 23.45 A.montevidensis - V. flexuosa 68-59 Coleoptera sp. - Pepsis sp. 49-28
i 26.5 A montevidensis - B. crispa 13-35 Urbamus sp. - Acalyma sp. 32-30
:. 213 A. montevidensis - S. leptolobus 13-89% Acalyma sp. - A. mellifera 90-106
\i/ 37.09 A. montevidensis - E. horridum 82-52 Halictidae spl. - Hylephyla phyteus 24-19
Low 5216 B. crispa - 8. heterotrichius 12-59 Megachile sp2. - Acalyma sp. 26-19
arazing 55.6 B. articulata - V. litoralis 13-4.7 Halictidae sp2. - Xviocopa sp. 23-18
S 73.44 B. articulata - V. ephedroides 16.4-84 Micoscytarus drewsenii - A. mellifera  1.8-16

Table II. The two most abundant species of plants and pollnator along the grazing gradient.

Vegetation height (cm) Plant species Pollinators
High 9.56 V. nudiflora - Senecio madagascariensis Sarcophagidae sp. - Urbanus sp.
grazing 11 V. nudiflora - Senecio madagascariensis  A. mellifera - Palpada rufipedes
! 14.08 S. madasgascariensis - V. nudiflora Coleoptera sp - Acalyma sp.
] 17.08 A. montevidensis - E. horridum Urbanus sp. - Camponotus blandus
] 21.6 S. madagascariensis - E. horridum Urbanus sp. - Camponotus blandus
] 23.45 E. selloi - A. montevidensis Coleoptero sp2 - Euryades corethus
E 26.5 A. montevidensis - B. eryngioides Euptoieta hortensia - A. mellifera
i 273 B. crispa - S. micrantum Xylocoa sp. - Acalyma sp.
\E/ 37.09 O. lasiopetala - P. tuberosa Palpada rufipedes - Stegosatyrus periphas
52.16 B. crispa - S. heterotrichius A. mellifera - Camponotus blandus
Lo 55.6 B. crispa - Richardia grandiflora Sarcophagidae sp. - Micoscytharus drewsenii
73.44 B. articulata - R. grandiflora Sarcophagidae sp - A. mellifera
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Table III - Transformed metrics calculated from each network mteraction along the grazing gradient.

Vegelation height (cm) C* H2' NE M IE W.NODF NS NL
e 9.56 0.115 0.121 3.283 0.103 0.000 -2.280 51 175
erazing 11 0.107 0266 6.974 20.017 -0.002 -9.070 55 241

; 14.08 0.106 0286 3.086 20.016 -0.006 -9.461 55 304
; 17.08 0.106 0.102  -4.494 0.014 0.033 -3.551 54 130
; 216 0.100 0269 5.363 -0.006 0.031 -14.838 68 363
; 23.45 0.080 0284 3.897 -0.009 0.001 -11.887 57 253
; 265 0.076 0.398 2.561 0.000 0.025 -15.487 60 318
; 273 0.068 0329 1.506 0.008 0.016 6872 88 565
; 37.09 0.090 -0.311 4.010 0.002 0.010 -4.775 56 170
v 52.16 0.118 0362 2281 0.028 0.017 -9.389 38 262
Low. 55.6 0.116 0.353 3.193 10.019 -0.024 -15.736 46 258
grazing 73.44 0.125 0.405 5.703 0.014 -0.045 212135 55 404

* Connectance (C), Specialization (H2"), Nestedness (NE), Modularity (M), Number of links (NL), Interaction eveness(IE), Number of species(NS).

Table I'V - Regression analisys and test of linear models from each null model correccted network metric and mean of plant height.

? network metric

Specialization (H2") Intercept (a) Coeficient (b1,b2) R square F statistics p valoe Aiec ? Aiee
Linear (Y’ = a + bX) 0.058 0.621 0.448 -11.661 13021
Quadratic (Y'=a + (b1)X + (b2)X"2) 0226 1.314 0315 -24.682 0
Modularity
Linear (Y’ =a + bX) 0.021 0.000 0.080 0.900 0.363 -15.980 0.000
Quadratic (Y'=a + (bDX + (b2)X"2) 0.039 0.001,0 0.110 0.575 0.585 -15.830 0.150
Nestedness
Linear (Y’ =a + bX) 2370 0.024 0.028 0.296 0.598 14.324 0.000
Quadratic (Y'=a + (b1)X + (b2)X"2) 4.680 0.139, 0.002 0.095 0.475 0.636 15952 1.628
Weighted NODF
Linear (Y’ = a + bX) -6.863 -0.089 0.158 1.804 0.208 20.585 0.170
Quadratic (Y' =a + (b1)X + (b2)X*2) -4.489 0.257, 0.002 0.180 0.987 0.409 20415 0
Interaction eveness
Linear (Y’ = a + bX) 0.007 0.000 0.422 7.304 0.022* 4022 o*
Quadratic (Y' =a + (b1)X +(b2)X"2) 5806¢03 4945¢04,-1847e¢04 0423 3.302 0.084 -38.232 1.988
Connectance
Linear (Y’ = a + bX) 0.090 0.000 0.080 0.880 0.360 -69.750 5000
Quadratic (Y'=a + (b1)X + (b2)X"2) 0.120 0002, 0 0.420 5.050 0.030* -74.7750 0.000
Number of species
Linear (Y’ =a + bX) 62150 0.170 0.070 0.850 0370 87.780 0.460
Quadratic (Y'=a + (b1)X + (b2)X"2) 55.100 032, -0.00 0.110 0.570 0.580 87320 0.000
Number of links
Linear (Y’ =a+bX) 249800 0930 0.020 0.230 0.630 144144 0.001
Quadratic (Y'=a + (b1)X + (b2)X"2) 247900 1.06, - 0.001 0.020 0.100 0.900 144143 0.000

* Significant results (p<0.05) are indiccating in bold.
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Tabela V - Results from Akaike information criteria analysis..

?AIC calculated from each model

Vegetation height (cm) Null A F M AF AM M AFM
Hich 9.56 393.18 0* 358.15 516.15 12452 100.13 4719 25532
grazing 11 813.55 0* 5949 914.06 175.19 76.5 680.63 266.03

! 14.08 633.86 0* 394.6 813.06 327.75 3143 56802 647.04
i 17.08 241.89 0* 159.74 341.05 169.77 1584  263.62 332
i 216 1152.37 0* 83945 135495 171.55 2139 1032.17 373.62
i 23.45 1154.9 0* 849.25 15239 164.5 109.8 951.2 276.2
i 26.5 1889.19 0* 125591 191492 181.56 6946 130098 24882
i 273 2907.58 0* 1884.48 2857.68 412.02 3259 180633 484.82
i 37.09 618.97 0* 419.5 756.18 124.85 135 555.3 259.51
v 52.16 1316.12 0* 1108.79 134746 11241 13647 1171.55 25398
Eg;ng 55.6 1127.11 0* 997.17 122781 1534 22882 10936 366.44
N N 73.44 1947.44 0* 194744 2173.06 165.04 300.7 17049 4092

* Best predictor model - 7 = delta symbol
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Figures

Figure 1 — Plant-pollinators interactions registred: A) Xylocopa sp. visiting Senecio
heterotrichius. B) Curculionidae sp. in Eryngium horridum. C) Apis mellifera visiting Richardia
grandiflora flower and D) Campsomeris sp. in S. heterotrichius.
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Figure 2 — Quadratic regression between the variables vegetation height (grazing intensities)
and vonnectance. The highest values of connectance were registred in the extremes of
grazing gradient.
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Figure 3 — Linear regression between vegetation height (grazing intensities) and interaction
eveness. The interaction eveness decreaseat low grazing intensities.
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Figure 4 — Linear and positive association between number of observed interactions and number of
interactions predict by abundance matrix. This relationship between variables showed that
abundance of species is a good predictor of number of interactions observed.
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Foto: Pepsis sp. em Pterocaulon polypterum
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CONCLUSOES GERAIS

Este trabalho foi o primeiro a avaliar aspectos da fenologia reprodutiva e redes
de interacdes planta-polinizador de comunidades campestres do Rio Grande do Sul. Em
relacdo aos aspectos fenoldgicos a comunidade campestre apresentou um padrdo de
floracdo segregado no tempo, com baixa sobreposicdo dos picos de floracdo entre as
especies. Padrbes fenoldgicos segregados podem estar associados a estratégias
evolutivas das plantas para minimizar 0s possiveis negativos da competicdo
interespecifica por polinizadores. Desta forma, este estudo aponta, pela primeira vez a
relevancia das interacGes planta-polinizador na estruturacdo do padrdo fenoldgico
reprodutivo em nivel de uma comunidade vegetal. Além disso, este estudo demonstrou
que ndo ha vantagem para espécies que florescem intensivamente e por longos periodos,
pois as mesmas ndo apresentaram maior numero de polinizadores ou maior similaridade
de polinizadores com o restante da comunidade. Da mesma forma, demonstramos que
especies com flores de distintas cores ndo diferem quanto ao padrdo fenoldgico, sendo
aleatoriamente distribuidas ao longo do periodo de floracdo na comunidade. Nosso
estudo evidencia que embora a comunidade apresente um padrdo fenoldgico que possa
ter sido gerado por eventos de competicdo, atualmente outros fatores, como a cor,

podem determinar as intera¢0es planta-polinizador na comunidade estudada.

Em relacdo as redes de interagbes e o gradiente de distdrbio este estudo
evidenciou que a alta diversidade estrutural de plantas em niveis intermediarios de
pastejo ndo resulta em redes de interagcdes planta-polinizador mais complexas. Aqui,
provemos evidéncias de que a abundancia das espécies desempenha um papel
fundamental na organizacdo das interagcbes em nosso sistema de estudo mais do que
restricbes morfoldgicas e aspectos fenoldgicos. Niveis intermediarios de pastejo tém
sido associados com maior diversidade de plantas e maior heterogeneidade de habitat,
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resultando em aumento da diversidade alguns grupos de animais, como aranhas e
besouros. No entanto, isto ndo é aplicavel para interacGes planta-polinizador, pois as
espéecies mais generalistas e que atraem um maior numero de polinizadores sdo mais
dominantes nos extremos do gradiente, como por exemplo, espécies impalataveis para o
gado como Senecio e Baccharis. Sendo assim, areas altamente pastejas e abandonadas
promovem redes mais conectadas e genetalistas em nosso sistema de estudo muito
embora a maioria dos atributos de rede ndo tenham respondido as diferentes
intensidades de pastejo. As espécies da familia Asteraceae, conforme ja evidenciado por
outros estudos, compdem uma importante fonte de recursos aos polinizadores. Além
disso, por serem espécies altamente generalistas e atrairem uma ampla diversidade de
polinizadores as espécies de Asteraceae influenciaram a estrutura das redes,
principalmente nos extremos do gradiente. De forma geral, as redes planta-polinizador
variaram pouco ao longo do gradiente de pastejo, uma vez que o pastejo influencia
principalmente na diversidade estrutural e composicdo de espécies de gramineas que
ndo dependem de polinizadores. Desta forma, embora a polinizacdo tenha um papel
fundamental para as comunidades de plantas, ndo apresenta um potencial para ser
utilizado como processo indicador para reforcar a idéia de niveis intermediarios de
pastejo como manejo adequado aos campos. Isto porque as interacbes planta-
polinizador sdo altamente resilientes a intensidade de pastejo. Sendo assim, a ideia de
que niveis intermediarios de distirbio garantem altos niveis de diversidade (Hipotese do
Distarbio Intermediario Connel, 1978), podem n&o ser aplicAvel em relacdo as

interagGes planta-polinizador em nosso sistema de estudo.

Este trabalho reforca a necessidade de mais estudos sobre a influéncia do manejo
sobre as interagdes animal-planta. Além disso, estudos sobre redes de interacdo planta-

polinizador fornecem suporte para futuros trabalhos sobre aspectos reprodutivos de
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alguns grupos de espécies que compdem a comunidade campestre do Rio Grande do

Sul, uma vez que poucos estudos vém sendo realizados neste contexto.

Apéndices

List of plant species from Eldorado do Sul, Brazil, 2015.

Acanthaceae
Ruellia hypericoides
Ruellia morongii
Alliaceae
Nothoscordum bonariense
Nothoscordum montevidense
Amaranthaceae
Pfaffia tuberosa
Apiaceae
Eryngium horridum
Eryngium ciliatum
Asteraceae
Achyrocline satureioides
Aspilia montevidensis
Baccharis articulata
Baccharis crispa
Baccharis dracunculifolia
Chaptalia integerrima
Elephantopus mollis
Chromolaena squarrulosa
Eupatorium subhastatum
Hieracium commersonii
Hypochaeris chillensis
Hypochaeris megapotamica
Orthopappus angustifolius
Pterocaulon polypterum
Senecio heterotrichius
Senecio leptolobus
Senecio madagascariensis
Stenachaenium megapotamicum
Verbena ephedroides
Chrysolaena flexuosa
Stenocephalum megapotamicum
Vernonanthura nudiflora
Cistaceae

(Nees) Lindau
Britton

Beauverd
(Pers.) Beauverd

(Spreng.) Hicken
(Spreng.) Hicken
Malme

Cham. & Schltdl.

(Lam.) DC.
(Spreng.) Kuntze
(Lam.) Pers.
Spreng.

DC.

(Vell.) Burk.
Kunth.

(Hook. & Arn.) R.M.King & H.Rob
Hook. & Arn.
Monnier
(H.B.K.) Hieron
Cabr.

Gleason

(DC.) Cabrera
DC.

DC.

Poir.

(Spreng.) Baker
Cham.

(Sims) H. Rob.
(Spreng.) Sch. Bip
(Less.) H.Rob.
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Helianthemum brasiliense
Convovulaceae
Evolvulus sericeus
Euphorbiaceae
Croton gnaphalii

Euphorbia selloi
Fabaceae
Aeschynomene falcata
Chamaecrista repens
Crotalaria twediana
Desmodium incanum
Macroptilium prostatum
Stylosanthes leiocarpa
Stylosanthes montevidensis
Hypoxidaceae
Hypoxis decumbens
Iridaceae
Herbertia lahue
Sisyrinchium micrantum
Sisyrinchium sellowianum
Lamiaceae
Peltodon longipes
Lythraceae
Cuphea glutinosa
Malvaceae
Waltheria douradinha
Oxalidaceae
Oxalis conorrhiza
Oxalis eriocarpa
Oxalis lasiopetala
Plantaginaceae
Mecardonia tenella
Polygalaceae
Polygala pulchela
Rubiaceae
Borreria capitata
Borreria eryngioides
Borreria tenella
Borreria verticillata
Galianthe fastigiata
Richardia grandiflora
Scrophulariaceae
Linaria texana
Verbenaceae
Glandularia morrubioides

(Lam.) Pers.
Sw.

Baill.
(Klotzsch & Garcke) Boiss.

(Poir.) DC.

(Vogel) H.S. Irwin & Barneby
Benth.

DC.

(Benth.) Urb.

Vogel

Vogel

L.

(Molina) Goldblatt

Cav.

Klatt

Kunth. ex Benth.

Cham. & Schitdl.

A. St.-Hil.

Jacq.

DC.

Zuccarini

(Cham. & Schitdl.) Pennell
A. St.-Hil.

(Ruiz & Pav.) DC.

Cham. & Schitdl.

(Kunth) Cham. & Schltdl.
L.

Griseb.

(Cham. & Schitdl.) Steud.

Scheele

(Cham.) Tronc.
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Lippia turnerifolia Cham.

Verbena ephedroides Cham.
Verbena litoralis Kunth
Violaceae
Hybanthus bicolor (Saint-Hilaire) Baill.

List of Pollinators collected from Eldorado do Sul, Brazil, 2015.

HYMENOPTERA
Apidae
Apinae
Apis mellifera (Linnaeus, 1758)
Bombus sp.
Adreninae
Psaenythia sp.1
Psaenythia sp.2
Anthophorinae
Xylocopa sp.
Colletinae
Colletinae sp.1
Colletinae sp.2
Colletinae sp.3
Colletinae sp.4
Megachiliinae
Hypanthidium sp.
Megachile sp.1
Megachile sp.2
Halictinae
Halictinae sp.1
Halictinae sp.2
Halictinae sp.3
Halictinae sp.4
Halictinae sp.5
Halictinae sp.6
Halictinae sp.7
Halictinae sp.8
Halictinae sp.9
Halictinae sp.10
Formicidae
Camponotus sp.
Camponotus crassus
Camponotus blandus
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Pheidole sp.1
Acromyrmex sp.
Pheidole sp.2
Gnamptogenys sp.
Tapinoma sp.1
Tapinoma sp.2
Neivamyrmex sp.
Pseudomyrmex sp.

Cabronidae
Cerceris sp.
Pompilidae
Pepsis sp.
Scoliidae

Campsomeris sp. 1
Campsomeris sp.2
Campsomeris sp.3
Campsomeris sp.4

Tiphiidae
Myzinum sp.
Vespidae
Brachygastra augusti (Saussure, 1854)
Mischocyttarus drewseni (Saussure, 1857)
Montezumia nigriceps (Spinosa 1841)
Pachodynerus sp.

Polistes billardieri (Saussure, 1853)
Polistes cinerascens (Saussure, 1854)
Polybia ignobilis (Haliday, 1836)
Polybia scutellaris (White, 1841)
Polybia sericea (Oliver, 1922)

Vespidae sp.
DIPTERA
Diptera sp.1
Diptera sp.2
Diptera sp.3
Diptera sp.4
Bombilidae

Bombilidae sp.1

Bombilidae sp.2

Bombilidae sp.3
Bibionidae

Bibionidae sp.1

Bibionidae sp.2
Chloropidae

Chloropidae sp.1

Chloropidae sp.2



Chloropidae sp.3
Ephydridae
Ephydridae sp.
Muscidae
Stomopogon argentina (Snyder, 1957)
Muscidae sp.1
Muscidae sp.2
Muscidae sp.3
Muscidae sp.4
Muscidae sp.5
Muscidae sp.6
Michilidae
Michilidae sp.

Syrphidae

Allograpta exética (Wiedemann, 1830)
Ocyptamus sp.1
Palpada sp.

Palpada distinguenda (Wiedemann, 1830)
Palpada furcata (Wiedemann, 1819)
Palpada rufipedes (Thompson, 1976)

Pseudodoros clavatus (Fabricius, 1794)

Syrphidae sp.1

Syrphidae sp.2

Syrphidae sp.3

Syrphidae sp.4

Syrphidae sp.5

Syrphidae sp.6

Toxomerus sp.1

Toxomerus sp.2

Toxomerus sp.3

Toxomerus duplicatus (Wiedemann, 1830)
Toxomerus politus (Say, 1823)
Toxomerus lacrymosus (Bigot, 1884)
Toxomerus norma (Curran, 1930)
Toxomerus productus (Curran, 1930)
Sarcophagidae

Sarcophagidae sp.1
Sarcophagidae sp.2
Sarcophagidae sp.3
Sarcophagidae sp.4
Sarcophagidae sp.5
Sarcophagidae sp.6

Sepsidae

Sepsidae sp.
Tachinidae



Tachinidae sp.1
Tachinidae sp.2
Tachinidae sp.3
Tachinidae sp.4
Tephritidae
Tephritidae sp.1
Tephritidae sp.2
Tephritidae sp.3
Tephritidae sp.4
Tephritidae sp.5
Tabanidae
Dichelacera sp.
COLEOPTERA
Buprestidae
Buprestidae sp.1
Cantharidae
Cantharidae sp. 1
Cantharidae sp. 2
Chrysomelidae
Gastrophysa sp.
Oulema sp.
Acalyma sp.
Chrysomelidae sp. 1
Chrysomelidae sp. 2
Chrysomelidae sp. 3
Chrysomelidae sp. 4
Chrysomelidae sp. 5
6
7
8
9

Chrysomelidae sp.
Chrysomelidae sp.
Chrysomelidae sp.
Chrysomelidae sp.
Chrysomelidae sp. 10
Chrysomelidae sp. 11
Chrysomelidae sp. 12
Chrysomelidae sp. 13
Chrysomelidae sp. 14
Chrysomelidae sp. 15
Curculionidae
Curculionidae sp. 1
Curculionidae sp.2
Curculionidae sp. 3
Elateridae

Elateridae sp. 1
Elateridae sp. 2
LEPIDOPTERA
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Nymphalidae
Agraulis vanillae (Linnaeus, 1758)

Vanessa braziliensis (Moore, 1883)
Tegosa orobia (Hewitson, 1864)
Jwnonia evarete (Cramer, 1779)

Euptoieta hortensia (Blanchard, 1852)
Stegosatyrus periphas (Godart, 1824)
Anartia amathea (Linnaeus, 1758)

Heliconius erato phyllis (Fabricius, 1775)

Lycaenidae
Strymon rana (Schaus, 1902)

Strymon bazochii (Hibner, 1818)
Hesperidae
Hylephila phyleus (Drury, 1773)
Polites vibex catilina (Pl6tz, 1886)
Heliopetes omrina (A. Butler, 1870)
Urbanus sp.
Urbanus evenus (Ménétriés, 1855)
Hesperidae sp.1
Hesperidae sp.2

Hesperidae sp.3

Hesperidae sp.4

Hesperidae sp.5
Papilionidae

Heraclides astyalus (Godart, 1819)
Euryades corethrus (Boisduval, 1836)
Pieridae
Phoebis sennae (Linnaeus, 1758)
Eurema elathea (Cramer, 1777)
Pieridae sp.1
Pieridae sp.2
ORTHOPTERA
Proscopidae sp.
BLATODEA
Blatidae sp.
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