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RESUMO 

 

PEDROSO, Pedro Mauricio. Secas causam mudanças na fenologia reprodutiva de Syagrus 

romanzoffiana, mas não alteram a predação de suas sementes. 2021. Trabalho de Conclusão de 

Curso – Universidade Federal de São Carlos, campus Sorocaba, Sorocaba, 2021. 

 

A Mata Atlântica é um hotspot para biodiversidade e atualmente ocupa uma pequena fração de 

sua área original. Além dos efeitos de borda causados pela fragmentação do habitat, suas 

espécies vegetais e animais enfrentam ainda os efeitos das mudanças climáticas. Tais mudanças 

podem afetar variantes do clima e ocasionar eventos extremos com maior frequência, como as 

secas. Plantas e animais respondem às variáveis abióticas e tais respostas são importantes para 

compreender os efeitos das mudanças do clima sob os organismos e em suas interações. As 

palmeiras são um importante elemento dentro da Mata Atlântica, principalmente porque 

produzem frutos durante a estação seca do ano quando há menor oferta de recursos para os 

animais frugívoros. As interações planta-animal podem ser benéficas para as plantas, como a 

dispersão de sementes, ou negativas, como na predação de sementes. Assim, compreender os 

fatores que impactam de alguma forma a reprodução de plantas que fornecem recursos para 

outros organismos é essencial, uma vez que mudanças em características reprodutivas de um 

organismo podem ser refletidas para outras espécies, como seus predadores. Neste trabalho 

avaliamos se as secas alteram a fenologia reprodutiva de Syagrus romanzoffiana, uma espécie-

chave na Mata Atlântica, e se as possíveis alterações têm consequências em cascata para os 

animais que consomem suas sementes. Os resultados principais indicam que as secas aumentam 

a quantidade de cachos de frutos imaturos, mas reduz o número de cachos de flores e frutos 

maduros. As secas também podem atrasar ou adiantar a época de ocorrência destas estruturas. 

No entanto, tais mudanças não refletem em diferenças nas taxas de predação de Syagrus 

romanzoffiana, cujo principal predador (besouro) não é saciado pelo aumento da produção de 

sementes, ao contrário do predador vertebrado, os esquilos. Assim, apesar das alterações 

causadas pela seca na fenologia reprodutiva de S. romanzoffiana não são refletidas em seus 

predadores de sementes. 

Palavras-chave: Mata Atlântica. Alterações Climáticas. Seca. ENSO. Saciação do predador. 

Syagrus romanzoffiana. 



ABSTRACT 

 

The Atlantic Forest is a biodiversity hotspot and currently occupies a small fraction of its 

original area. In addition to the edge effects caused by habitat fragmentation, its plant and 

animal species also face the effects of climate change. Such changes can affect climate 

variations and cause more frequent extreme events, such as droughts. Plants and animals 

respond to abiotic variables and such responses are important to understand the effects of 

climate change on organisms and their interactions. Palm trees are an important element within 

the Atlantic Forest, mainly because they produce fruit during the dry season of the year when 

there is less supply of resources for fruit-eating animals. Plant-animal interactions can be 

beneficial to plants, such as seed dispersal, or negative, such as seed predation. Thus, 

understanding the factors that somehow impact the reproduction of plants that provide resources 

for other organisms is essential, since changes in reproductive characteristics of an organism 

can be reflected for other species, such as its predators. In this work we evaluated whether 

droughts alter the reproductive phenology of Syagrus romanzoffiana, a key species in the 

Atlantic Forest, and whether the possible alterations have cascading consequences for animals 

that consume its seeds. The main results indicate that drought increases the number of bunches 

of immature fruits, but reduces the number of bunches of flowers and ripe fruits. Droughts can 

also delay or advance the time of occurrence of these structures. However, such changes do not 

reflect differences in predation rates of Syagrus romanzoffiana, whose main predator (beetle) 

is not satiated by increased seed production, unlike the vertebrate predator, squirrels. Thus, 

despite the changes caused by drought in the reproductive phenology of S. romanzoffiana, seed 

predators are not affected.  

Keywords: Atlantic Forest. Climate change. Drought. ENSO. predator satiation. Syagrus 

romanzoffiana. 
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1 INTRODUÇÃO 
 

A Mata Atlântica brasileira, considerada um dos hotspots globais de biodiversidade 

(Myers et al. 2000), hoje ocupa cerca de 28% de seu 1 milhão de km2 original, composto 

principalmente por fragmentos desconectados de vegetação secundária (Rezende et al. 2018). 

Palmeiras são constituintes típicos da vegetação da Mata Atlântica, onde ocorrem cerca de 45 

espécies de palmeiras, muitas delas endêmicas (veja Galetti et al. 2006). No entanto, várias 

dessas palmeiras na Mata Atlântica sofreram os efeitos da fragmentação da floresta, corte 

seletivo e perda de dispersores de sementes (Galetti e Aleixo 1998, Galetti et al. 2006). 

Estas plantas são sugeridas como espécies-chave na manutenção da fauna de 

vertebrados frugívoros pela presença de seus frutos em períodos de escassez de outros recursos 

e são consumidos por uma grande variedade de animais (Galetti e Aleixo, 1998). Entre essas 

espécies estão besouros e esquilos (Guerlinguetus), predadores de sementes que parecem 

aumentar em abundância em áreas fragmentadas (Wright, 2003). 

Como entre 70% e 90% das espécies de árvores e arbustos tropicais frequentemente 

dependem de animais para dispersar suas sementes e a maioria dessas espécies não se 

reproduzem vegetativamente (Jordano, 2000), a importância das interações planta-animal para 

a regeneração das espécies vegetais é clara. Por outro lado, certas interações com animais 

também podem ser negativas para o valor adaptativo das plantas, como no caso da predação de 

sementes. De acordo com a frequência e intensidade dessas interações, os animais herbívoros 

podem comprometer a regeneração das plantas (Hulme, 1998). 

Devido à dependência dos seres vivos em relação ao ambiente abiótico e biótico, suas 

respostas às variáveis climáticas são importantes para entender os efeitos das mudanças 

climáticas na biologia e ecologia desses organismos (Morelatto et al. 2016). Os efeitos das 

mudanças climáticas que estão em curso têm influência sob fatores climáticos e é esperado que 

eventos extremos como secas e inundações se tornem mais comuns (IPCC, 2019). Além disso, 

os efeitos de borda em fragmentos de florestas tropicais causam mudanças na temperatura, luz, 

umidade, densidade das plantas, entre outros aspectos (Murcia, 1995). Assim, alterações nestes 

componentes abióticos podem ser refletidos em mudanças na fenologia de espécies vegetais 

(Morelatto et al. 2016). 

Modificações nos fatores abióticos têm o potencial de alterar, restringir ou mesmo inibir o 

desenvolvimento de plantas, como a palmeira Syagrus romanzoffiana, uma palmeira 

considerada um importante recurso na Mata Atlântica devido a suas interações com diversos 
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organismos no bioma (Bernacci et al. 2008; Mendes et al. 2015). Pouco se sabe sobre a 

capacidade de regeneração e persistência dessas plantas em áreas fragmentadas e que estão sob 

os efeitos das mudanças climáticas. Assim, o objetivo deste trabalho foi retratar a fenologia 

reprodutiva de Syagrus romanzoffiana e tentar estimar os possíveis efeitos das mudanças 

climáticas em sua reprodução e na predação de suas sementes ao se comparar estas variáveis 

entre anos sujeitos a secas ou não. 

 

 

Figura 1. Indivíduo adulto de Syagrus romanzoffiana. Localizado no campus Sorocaba da 

Universidade Federal de São Carlos. 
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2 ARTIGO  

 

SECAS CAUSAM MUDANÇAS NA FENOLOGIA REPRODUTIVA DE SYAGRUS 

ROMANZOFFIANA, MAS NÃO ALTERAM A PREDAÇÃO DE SUAS SEMENTES 

DROUGHT CHANGES FRUITING PHENOLOGY, BUT DOES NOT AFFECT SEED 

PREDATION OF A KEYSTONE PALM 

 

Resumo 

Modelos de mudanças climáticas preveem um aumento na frequência, intensidade e duração de 

eventos climáticos extremos, como o El Niño (ENSO), que provocam secas severas no sudeste 

do Brasil. Essas mudanças podem influenciar a fenologia reprodutiva de plantas, com potenciais 

consequências posteriores para a regeneração das espécies. No entanto, as respostas das plantas 

às secas e as consequências em cascata para os animais ainda são mal descritas para as espécies 

tropicais. Aqui foi avaliado se a fenologia e a predação de sementes de uma espécie-chave 

(Syagrus romanzoffiana) são influenciadas por secas na Mata Atlântica no sudeste do Brasil. 

Registramos a fenologia reprodutiva e a predação de sementes da palmeira em fragmentos 

florestais por 4 anos, parte deles impactados por fortes secas do ENSO. Os padrões de floração 

e frutificação foram correlacionados com as variáveis climáticas, especialmente temperatura e 

precipitação. O número de cachos com flores ou frutos maduros diminuiu nos períodos de seca. 

A seca também alterou os padrões sazonais da fenologia reprodutiva quando comparada com 

os períodos regulares de chuva, antecipando o surgimento das flores e retardando a ocorrência 

de frutos verdes. A saciedade do predador foi observada para roedores, mas não para besouros. 

Nossos resultados indicam que a seca afeta a fenologia reprodutiva dessa palmeira, mas não há 

efeitos em cascata claros sobre a predação de sementes.  

 

Palavras-chave: Mata Atlântica. Palmeira. Alterações Climáticas. ENSO. Saciação do 

predador. 
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Abstract 

Climate change models predict an increase in frequency, intensity, and duration of extreme 

climatic events, such as El Niño Southern Oscillation (ENSO) that provoke severe droughts in 

southeastern Brazil. These changes can influence plant reproductive phenology, with potential 

delayed consequences for plant regeneration. However, plant responses to droughts, and the 

cascading consequences for animals, are still poorly described for tropical species. Here we 

evaluated whether phenology and seed predation of a keystone palm (Syagrus romanzoffiana) 

are influenced by droughts in the Atlantic Forest in southeastern Brazil. We recorded the 

reproductive phenology and seed predation of the palm in forest fragments for 4 years, part of 

them impacted by severe droughts from ENSO. Flowering and fruiting patterns were correlated 

with climatic variables, especially temperature and precipitation. The number of bunches with 

flowers or ripe fruits decreased in periods of drought. Drought also changed the seasonal 

patterns of reproductive phenology when compared with regular rainfall periods, anticipating 

flower set and delaying unripe fruit occurrence. Predator satiation was observed for rodents, 

but not for weevils. Our results indicate that drought affects reproductive phenology of this 

keystone palm, but there are no clear cascading effects on seed predation. 

 

Keywords: Atlantic Forest. Palm-tree. Climate change. Drought. ENSO. predator satiation.  

  

2.1 INTRODUCTION 

 

Climate change will probably lead to an increased duration, frequency, and intensity of 

extreme events, such as droughts, floods, and storms (IPCC, 2019). Climate change could lead 

to an extension of the dry season in some tropical areas, and consequently to the shortening of 

the wet season with implications for plant phenology (Morellato et al. 2016). There is an 

expectancy of increases in the frequency of El Niño Southern Oscillation (ENSO), which has 

important implications for the climate in certain areas of the tropics (Yeh et al. 2009). Species 

phenology, i.e., the periodic events in the life of living beings and their correlations with climate 

variations, has been considered an important tool to interpret the effects of climate change on 

animals and plants, as well as in predictive models of future scenarios with higher temperatures 

(Memmott et al. 2007; Parmesan, 2006). However, information about tropical and subtropical 

plant phenology and studies investigating changes in plant phenology due to climate change, 
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and their consequences for animals that interact with these species, are still rare (Mendoza et 

al. 2017; Morellato et al. 2016; Hegland et al. 2009; Memmott et al. 2007). 

It is common that the availability of fleshy fruits decreases in the dry season in the 

Atlantic forest (Genini et al. 2009; Morellato et al. 2000). Severe droughts in Central America 

caused by ENSO can decrease fruit availability to vertebrates and leading to an increased 

mortality of frugivores (Wright et al. 1999). Scarcity of food resources may turn frugivores that 

feed on fruit pulp and behave as seed dispersers into seed predators, leading to a disruption of 

mutualistic interactions (Jorge and Howe, 2009). The impacts of climate change on long-term 

species persistence will probably depend on how the species will manage such changes, as well 

as the effects on interspecific interactions (Morellato et al. 2016; Bogdziewicz et al. 2020). For 

example, an increase in temperature caused by climate change induces greater regularity in seed 

production of the mast seeding Fagus sylvatica over the years in Europe, which could be 

interpreted as beneficial to plant recruitment (Bogdziewicz et al. 2020). However, the regular 

supply of F. sylvatica seed resources year after year increased rodent abundance permanently, 

resulting in much higher and regular seed predation rates, which is capable to limit plant 

recruitment (Bogdziewicz et al. 2020). The once successful predator satiation strategy of F. 

sylvatica is no longer working in a scenario of climate change (Bogdziewicz et al. 2020). 

Palms are considered keystone species to frugivores due to a high fruit production that 

supports a broad range of animals that consume their fruits and seeds (e.g., frugivorous 

vertebrates) specially in periods of fruit scarcity (Genini et al. 2009; Terborgh, 1986). In the 

Atlantic Forest, the palm Syagrus romanzoffiana provides fruits for at least 60 vertebrate 

species from different taxonomic groups, as well as weevils whose larvae develop inside seeds 

(Mendes et al. 2015). This palm produces fruits during all year and is crucial for the local fauna, 

especially during the dry season (Mendes et al. 2015; Genini et al. 2009). Understanding the 

responses of the phenology of S. romanzoffiana to climate change can help us to predict 

potential implications for many interacting species. Thus, the main aims of this paper were: (i) 

to investigate the response of Syagrus romanzoffiana reproductive phenology to changes in 

climatic variables, including periods of drought; (ii) to assess the effect of drought on seed 

predation rates and test if a higher seed production leads to satiation of seed predators. 
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2.3 MATERIAL AND METHODS 

 

2.3.1 Study site  

This study was conducted in 4 remnants of Atlantic Forest (0.22, 1.46, 4.1 and 9.72 ha) 

located at Federal University of São Carlos (UFSCar) in Sorocaba, southeastern Brazil 

(47º31'28” E; 23º34'53” S). Average annual temperature is 20.8 ºC and the average annual 

rainfall is 1356 mm (INMET, 2020), with its rainy season from October to March with 166.20 

± 55,85 mm mean precipitation and mean temperature of 23.3º ± 1 °C, the dry season is from 

April to September, with 59,53 ± 16,90 mm mean precipitation and 18,72 ± 1,72 °C (INMET, 

2020). Vegetation is characterized as Seasonal Semideciduous Forest, where part of the trees 

defoliates during the dry season, in secondary successional stage, with Myrtaceae and Fabaceae 

being the most common tree families (Corrêa et al. 2014; Kortz et al. 2014). The remnants are 

surrounded by pastures dominated by alien African grasses, Brachiaria decumbens Stapf and 

Melinis minutifolia P. Beauv. Due to their small size, the forest fragments are certainly 

subjected to edge effects. These remnants are representative of most Atlantic forest fragments, 

which are usually irregularly shaped and smaller than 50 ha (Ribeiro et al. 2009).  

There is a scarcity of large bodied birds and mammals in the study sites. Some species 

that potentially interact with Syagrus romanzoffiana are occasionally spotted in the area, such 

as brown brocket deer Mazama gouazoubira, crab-eating fox Cerdocyon thous, pampas fox 

Lycalopex gymnocercus and argentine black and white tegu Salvator merianae, as well as birds 

such as rusty-margined guan Penelope superciliaris and the white-eyed parakeet Psittacara 

leucophtalmus. Squirrels (Guerlinguetus brasiliensis) are commonly seen in the area, and 

frequently prey on the seeds of S. romanzoffiana, being also able to disperse some of these 

seeds (Da Silva et al. 2011). 

 

2.3.2 Study species 

 Syagrus romanzoffiana (Cham.) Glassman (Arecaceae) is a single trunk palm that 

reaches between 8 and 20 m high and up to 64 cm basal diameter (Bernacci et al. 2007). The 

species has a wide distribution in Brazil, occurring in the Atlantic Forest and portions of the 

Cerrado savanna (Leitman et al. 2012). The ripe fruit is an orange-colored drupe, measuring 

from 18 to 26 mm long, with a fibrous mesocarp, rigid endocarp and containing one seed 

(Goudel et al. 2013). A palm may produce several reproductive bunches a year, each bunch 
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bearing on average ca. 800 fruits (Galetti et al. 1992). Fruits are available throughout the year, 

with peak production during the rainy season (Freire et al. 2013, but see below). 

 The fruits and seeds of this species are consumed by insects and small to large 

vertebrates (Mendes et al. 2015), such as ring-tailed coati Nasua nasua and South America tapir 

Tapirus terrestris (Varela and Bucher, 2006). However, some species are able to penetrate the 

thick endocarp and consume its endosperm, making seed germination unfeasible. Its main 

predators at the site are rodents (Guerlinguetus brasiliensis, Sciuridae) and weevils (mainly 

Revena rubiginosa, Curculionidae; Mariano and Christianini, 2016), with the latter using the 

seed endosperm for larval development (Galetti et al. 1992; Da Silva et al. 2012). 

 

2.3.3 Reproductive phenology 

To evaluate the reproductive phenology of S. romanzoffiana, we marked 16 adults in 

the forest fragments (DBH = 29.17 ± 5.97 cm, height = 7.53 ± 1.31 m; mean ± SD). All plants 

were at least 20 meters away from the nearest conspecific adult. Between August 2017 to 

December 2019, we recorded the presence and the number of bunches with inflorescences 

(including floral buds), unripe fruits and ripe fruits. In addition, we considered phenology data 

from the same plants recorded during September 2010 to September 2011 (Mariano and 

Christianini, 2016) and between July 2015 and September 2016. To avoid bias in the analysis 

due to different sampling periods in each year, we used the same periods of time (starting in 

September and ending in August of the following year) for the intervals of 2010-2011, 2015-

2016, 2017-2018 and 2018-2019, totaling 57 months of sampling. Climate data were extracted 

from the Meteorological Database for Education and Research (BDMEP) of the Brazilian 

National Institute of Meteorology (INMET) measured at the Sorocaba - SP station 

(approximately 20 km away from the study site). To obtain the monthly number of days with 

rainfall, we selected data for minimum precipitation obtained from the Rainfall Climate 

Hazards Group IR Precipitation with Stations (CHIRPS; ClimateSERV, 2020). Temperature 

and precipitation data were then correlated with the following phenological variables: (a), 

number of palms with reproductive bunches; and (b) number of reproductive bunches per palm. 

To distinguish periods of regular rainfall precipitation from those experiencing 

droughts, we considered the monthly average precipitation from 2000 to 2019 (107.69 ± 5.69 

mm, mean ± SE) as the historical average. If the precipitation in a sampling period (2010-2011, 

2015-2016, 2017-2018 and 2018-2019) was above the historical average, we considered the 
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period as regular (wet), and if below the average, as dry. Regular rainfall periods were 2010-

2011 (117.42 ± 4.65 mm monthly rainfall) and 2015-2016 (134.91 ± 3.11 mm) and the dry 

periods were 2017-2018 (80.92 ± 3.16 mm) and 2018-2019 (84.42 ± 2.82 mm). 

 

2.3.4 Seed predation 

To evaluate the amount of seed predation and the impact by different agents, we 

estimated the sources of S. romanzoffiana seed predation by inspecting seeds fallen beneath 

palm canopy. We established a 0.5 x 1 m plot beneath the canopy of five palm trees in July 

2011, July 2015, August 2017 and August 2019. We sampled all seeds in the surface of each 

plot. The source of predation was attributed to a particular agent according to distinctive marks 

left on the seed endocarp. For example, triangular openings indicated predation by the squirrel 

Guerlinguetus brasiliensis, while circular holes are typical of the emergence of an adult weevil 

that destroy seed during larvae stage (Bordignon et al. 1996; Alves-Costa and Knogge, 2005). 

Seeds were further classified as: preyed on by other rodents, when the openings on the endocarp 

were different from those reported by Bordignon et al. (1996); intact, when they showed no 

signs of predation or apparent damage; rotten when the seed broke after applying pressure with 

the fingers; aborted, when the fruit was less than half the size of ripe fruits. This last “aborted” 

category was only included in the classification of seeds in 2017 and the seeds classified in this 

category were not collected in previous years. In total, we inspected 8,267 seeds over the years. 

 

2.3.5 Data analysis 

 To analyze seasonality on reproductive phenology, we used circular statistics using the 

“circular” package (Agostinelli and Lund, 2017) in R (R Development Core Team, 2014). The 

frequencies of flowers and fruit bunches were grouped into months, separated by 30º from each 

other, with January being the month represented by 0º. To investigate whether the flowering 

and fruiting phenology of the palm is seasonal, we used the circular statistics using the Rao 

spacing test. To test whether the flowering and fruiting season differed between dry and regular 

periods, we used the non-parametric Watson-Wheeler test. The average period of flower and 

fruit occurrence were identified using the circular average, given in radians, and converted into 

degrees to associate it with the corresponding month. To investigate possible relationships 

between climate variables and flowering and fruiting of S. romanzoffiana, we built multiple 

linear models. We separately used the number of flowers and fruits bunches and the number of 
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individuals showing some reproductive bunch as dependent variables. Average, minimum and 

maximum monthly temperature, monthly daylight hours, monthly precipitation, number of 

rainy days during the month, monthly rainfall 1-year before, precipitation of the previous 6 

months (ca. the time needed from emission of a bunch to fruit maturation) and rainfall of the 

previous month, were used as explanatory variables. First, correlation tests were performed 

between all the explanatory variables and in cases where two of these variables had a high 

correlation (> 0.70), one was eliminated at random from the model. From the complete models, 

variables without significant correlations (p > 0.05) were excluded one by one until only 

significant variables remained in the model, using the “bbmle” package (Bolker, 2020) in R (R 

Development Core Team, 2014). 

To test if seed predation varied over time and the influence of drought and predation 

agents, we performed two separate analyses. First, we compared seed predation by different 

predation agents and periods (both fixed), ignoring the differentiation between drought and 

regular periods. A separate analysis incorporating the differentiation between drought and 

regular rainfall periods as another factor (instead of year) was performed. For both analyses we 

used generalized linear mixed models (GLMM) using the maximum likelihood method, with 

the number of seeds preyed on (converted to log) as response variable, palm tree as a random 

effect factor and predation agent and period (year or drought status) as fixed effect factors. 

To test whether the number of bunches produced by individuals and the population 

differed between the regular and dry periods, we used ANOVA. To test the predator's satiation 

hypothesis, we used linear regressions and paired t-test of the number of seeds preyed on against 

the number of seeds sampled beneath palms (an estimate of palm seed crop). The number of 

seeds preyed on by weevils or squirrels, as well as the total number of sampled seeds (i.e. 

estimated crop size), were log-transformed (log + 1) to perform a log-log regression following 

the function log (y + 1) = a + b.log (x + 1), where x is the total number of seeds sampled per 

palm and y the number of seeds preyed on by weevils or squirrels; b is the slope of the line 

representing the proportion of seeds preyed on versus the total number of seeds and a is the 

constant. Predator satiation occurs if the proportion of preyed seeds decreases with an increase 

in the total amount of seeds, i.e., when b <1. If b = 1, seed predation is proportional to seed 

production, whereas if b> 1, the proportion of seeds preyed on increases with increasing seed 

production (Harms et al. 2000). The observed seed predation was compared with expected 

values if the proportion of seeds preyed on would be a simple function of the number of seeds 

produced (i.e. if b = 1) using a paired t-test. 
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2.4 RESULTS 

 

2.4.1 Plant phenology 

Flowering was not evenly distributed throughout the year for periods of drought (U = 

309.873, p <0.001) and regular rainfall (U = 327.270, p <0.001). However, there was a 

difference in flower seasonality between drought and regular rainfall periods (W = 24.05, df = 

2, p <0.001): during periods of drought, the average month of flower occurrence was January 

(ā = 24.77º ± 62.88º; mean angle ± SD), while in periods of regular rainfall, the average vector 

for flower production was May (ā = 135.29º ± 76.64º). The number of bunches with flowers 

was higher in the regular rainfall periods (F1,38 = 6.07, p = 0.018, Fig. 2).  

 

 

Figure 2. Differences in the number of individuals of Syagrus romanzoffiana showing some 

reproductive structure (left) and number of bunches (right) during droughts and regular rainfall. 

Vertical bars represent 95% CI. N = 57 months. 
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March was the average month for unripe fruit production during drought (ā = 66.91º ± 

57.85º), whereas in regular rainfall periods the average vector was January (ā = 27.96º ± 69.27º), 

confirming a change in seasonality also for unripe fruit bunches (W = 30,339, df = 2, p <0.001). 

However, droughts presented a higher number of bunches with unripe fruits, when compared 

to periods of regular rainfall (F1,38 = 5.57, p = 0.023). The monthly distribution of unripe 

bunches was not homogeneous during drought (U = 350.09, p <0.001) or regular rainfall periods 

(U = 344.12, p <0.001, Fig. 3). 

 

 

Figure 3. Temporal distribution of reproductive structures in 16 S. romanzoffiana palms and 

variation in rainfall and temperature in southeastern Brazil (September 2010 to May 2019). 

Number of individuals carrying bunches (A); total number of flowers (dashed line with empty 

circles), unripe fruits (solid line with black squares) and ripe fruits (solid line with empty 

triangles) (B); average temperatures in ºC (gray bars) and accumulated monthly precipitation 

in mm (solid line with black circles) (C). * Periods of regular rainfall. 

 

There was no difference in ripe fruit seasonality between regular and dry periods (W = 

0.092, df = 2, p = 0.95). The peak of ripe fruits, on average, occurred in April in drought 

conditions (ā = 112.91º ± 61.27º) and March for regular rainfall periods (ā = 89.11º ± 53.79º). 
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However, the number of ripe bunches was higher for periods with regular precipitation (F1,38 

= 12,464, p = 0.001, Fig. 4). Fruits were not homogeneously distributed throughout the year 

during drought (U = 180, p <0.05) and regular rainfall periods (U = 291.43, p <0.001).  

 

 

Figure 4. Distribution of the frequency of reproductive structures of S. romanzoffiana 

individuals associated with the months of the year (n = 57) in small fragments of Atlantic Forest 

in southeastern Brazil. A) Frequency of flowers (bunches with flower buds and flowers 

combined). B) Unripe fruits. C) Ripe fruits. Solid lines indicate the flowers and fruits frequency 

in periods with regular rainfall. Dashed lines indicate the frequency of reproductive structures 

in droughts. The black arrow refers to the average vector (ā) for dry periods and the gray arrow 

refers to regular periods. 

 

2.4.2 Phenology and climatic variables 

The proportion of individuals with flowers in the population responded positively to the 

precipitation of the previous year (F1,1 = 4.09, p = 0.048) and current year (F1,1 = 4,859, p = 

0.031). The number of bunches with flowers was positively related to the precipitation of the 

current year (t = 2.240, p = 0.029). 

The number of palm trees with unripe fruits was influenced by the number of rainy days 

in the month (F1,1 = 20.783, p <0.001). The number of unripe fruits bunches was influenced by 

the average maximum temperatures (F1,1 = 6,018, p = 0.012) and also by the number of rainy 

days in the month (F1,1 = 8,788, p = 0.005). 

The number of individuals with ripe fruits was correlated with the average temperature 

(F1,1 = 4.736, p = 0.035, Tab. 1), average maximum temperature (F1,1 = 6.307, p = 0.016) and 

monthly daylight hours (F1,1 = 5.996, p = 0.018). The number of ripe fruit bunches was 
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correlated with the rainfall of the previous month (F1,1 = 8.609, p = 0.005), current rainfall (F1,1 

= 7.629, p = 0.008), average maximum temperature (F1,1 = 8.065, p = 0.006) and monthly 

daylight hours F1,1 = 7.027, p = 0.011, Table 1). 
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Table 1. Results of linear models of the effect of climatic variables on the number of individuals in the population showing bunches of flowers or 

fruits (on the left) and number of reproductive structures (on the right). Only variables retained in the models are shown. 

    Individuals Reproductive structures 

Dependent 

Variables 

Independent 

Variables Sum of sq. F-value RSS AIC D.F p Sum of sq. F-value RSS AIC D.F p 

Flowers              

 

Previous 1-year 

rainfall 
38.13 4.09 541.49 132.32 1 0.05       

 Current Rain 45.30 4.86 548.66 133.07 1 0.03 50,808 50,196 607,51 136.88 1 0.03 

Unripe fruits              

 

Rainy days in the 

month 
258.92 20.78 944.14 162.01 1 0.00 675.22 8.79 4593 243.95 1 0.01 

 Average Max. Temp.       462.38 6.02 4381 241.39 1 0.02 

Ripe fruits        
      

 Average Temp. 6.07 4.74 63.7 18.86 1 0.03       

 Average Max. Temp. 8.08 6.31 65.72 20.38 1 0.02 13.88 8.06 89.62 37.58 1 0.01 

 Daylight hours 7.68 6.00 54.32 20.08 1 0.02 12.10 7.03 87.83 36.60 1 0.01 

 

Previous month 

rainfall       
14.82 8.61 90.56 38.09 1 0.01 

  Current Rain             13.13 7.63 88.87 37.17 1 0.01 
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2.4.3 Seed predation and predator satiation 

Seed predation by weevils corresponded to 30% ± 9% (mean ± SD, Fig. 4) of the seeds 

produced per plant per year. Squirrels destroyed 21% ± 12% of the seeds. No seeds were preyed 

on by both agents (squirrels plus weevils). Predation by other rodents was recorded for 7% ± 

9% of the seeds per palm. Rotten seeds accounted for 7% ± 8% and aborted seeds 15% ± 25%. 

Intact seeds represented 20% ± 12% of the sampled seeds. 

Seed predation rates did not differ between years (t = -1.410, df = 1, p = 0.393), but 

there was a difference between predation agent (t = -3.619, df = 13, p = 0.003) and in the 

interaction between predator and year (t = 3.616, df = 13, p = 0.003). When analyzing the effect 

of drought on seed predation, there was no significant difference on predation rates between 

drought and regular periods (t = 0.635, df = 20, p = 0.532). Predation agent (t = 0.481, df = 20, 

p = 0.635) and the interaction between predation agent and drought (t = -1.598, df = 20, p = 

0.125) also did not differ between regular rainfall and drought periods. Therefore, drought does 

not seem to affect seed predation rates, as well as seed predation by different agents (Fig. 5). 

 

 

Figure 5. Predation of Syagrus romanzoffiana seeds by weevils and squirrels over time and the 

sum of predation by weevils and squirrels (total predation). Black triangles and long dashed 

line represent seed predation by weevils (Revena rubiginosa); black squares and continuous 

lines represent predation by squirrels (Guerlinguetus brasiliensis) and empty circles with short 

dashed lines represent total predation. Vertical bars represent 95% CI. 
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Table 2.  Syagrus romanzoffiana seed predation by weevils and rodents in small Atlantic Forest 

during 2011, 2015, 2017 and 2019. 

 

Sources of mortality 2011 2015 2017 2019 

Preyed on by weevils     
         Mean 0.626 0.222 0.156 0.179 

         Standard deviation 0.167 0.090 0.090 0.102 

Preyed on by squirrels     

         Mean 0.106 0.447 0.182 0.130 

         Standard deviation 0.167 0.260 0.162 0.070 

Preyed on by other rodents     

         Mean 0.031 0.000 0.009 0.140 

         Standard deviation 0.033 0.000 0.006 0.092 

Rotten     

         Mean 0.110 0.000 0.078 0.167 

         Standard deviation 0.083 0.000 0.040 0.086 

Intact     

         Mean 0.122 0.332 0.069 0.128 

         Standard deviation 0.048 0.251 0.064 0.161 

Aborted      

         Mean   0.506 0.254 

         Standard deviation   0.256 0.187 

 

 

The influence of palm crop size on seed predation differed for weevils and squirrels 

(Fig. 5). Seed predation by weevils was related to seed production per palm (y = -1.324 + 

1.264x, r² = 0.56, t = 4.79, df = 18, p <0.001), increasing in palms with higher seed production 

(paired-t test: t = 5.546, df = 19, p <0.001). Seed predation by squirrels was also influenced by 

seed production (y = -0.549 + 0.833x, r² = 0.21, t = 2.20, p = 0.040), but increases in predation 

did not follow the slope of increase in crop size (paired-t = -2.753, df = 19, p = 0.012). 

Therefore, predator satiation seems to work for squirrels, but not for weevils (Fig. 6). 
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Figure 6. Syagrus romanzoffiana seeds preyed on by weevils (above) and squirrels (below) in 

relation to the number of seeds collected annually under the canopy of 5 palm trees in an area 

of 0.5 m² for 4 years (2010, 2016, 2017 and 2019). Dashed line represents the expected seed 

predation if it is exactly proportional to seed production. 

 

2.5 DISCUSSION 

Our analyses suggest that periods of drought can present a negative impact on S. 

romanzoffiana flower and ripe fruit production, as well as changes in the palm reproductive 

phenology seasonal patterns. However, contrary to expectations, bunches with unripe fruit are 

more common during periods of drought. Despite the impact of different seed predators (i.e., 

weevil or squirrel), which varies temporally, there was no significant difference in S. 

romanzoffiana seed predation between dry and regular rainfall periods. The persistent fruit 

production indicates that these fruits might be important resources for the maintenance of the 
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local fauna, especially in winter, when the community experiences a lower availability of fruits 

and seeds (Genini et al. 2009). However, since S. romanzoffiana phenology responds to climatic 

variables, the long-term persistence of this palm's resources, and its effects on other species, 

become uncertain when considering climate change scenarios. 

We found that droughts induce changes in seasonality and the number of bunches with 

flowers in S. romanzoffiana. Under regular rainfall conditions, flowering peaks occur in the dry 

season, but during periods subject to drought, flowering is anticipated by about 4 months. In 

addition, fewer flower bunches are produced during periods of drought. Flowering anticipation 

is often a response to water stress in plants (Kazan and Lyons, 2016). This anticipation may 

also lead to a decrease in reproductive success if it produces a mismatch between the timing of 

flower production and pollinator activity (Parmesan, 2006). The most frequent pollinators of 

palms are beetles and bees with a wide variation in the mechanisms of such interaction. Some 

pollinating beetles can also act like predators of reproductive tissues and use developing fruits 

for oviposition (de Medeiros et al. 2019) and its importance as pollinators can be considerable, 

especially in less healthy environments (Barfod et al. 2011). There is no detailed data for 

pollination of this palm, which makes it difficult to link the impacts of changes in palm 

phenology with pollinators. Anyway, frugivorous and granivorous animals that depend on S. 

romanzoffiana unripe and ripe fruits and also seeds may face the effects on changes in 

seasonality in food resources due to the effects of droughts on palm phenology and production 

of reproductive bunches (Wright et al. 1999).  

Contrary to expectations, drought increases the production of bunches of S. 

romanzoffiana with unripe fruits, but at the same time reduces the number of bunches with ripe 

fruits. This palm can tolerate treefall gaps, forest edges and small forest fragments, where there 

is greater light availability, lower humidity and higher temperatures, indicating that the species 

is tolerant to great microclimatic variations (Matos and Alves, 2008). Droughts can increase 

fruiting in some plants from tropical regions, as has already been seen in periods of moderate 

droughts induced by ENSO (El Niño Southern Oscillation), which decreases rainfall while 

increases average temperatures (Detto et al. 2018). Furthermore, during droughts, flowers life 

span can be shorter, thus, resulting in a faster transition to unripe fruits (within a month). 

Consequently, due to the periodicity of data collection, unripe fruit bunches are more observed 

than flowers (author’s personal observation). Higher temperatures can anticipate fruit ripening 

of cultivated and wild species (Menzel et al. 2006). For S. romanzoffiana, production of 

bunches with ripe fruits increases with high monthly temperatures and monthly daylight hours. 
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In addition, the number of ripe bunches is reduced during droughts, which might be influenced 

by a decrease in soil water availability (Vogado, et al. 2020). Thus, it is of great relevance to 

understand how plant populations and communities will respond to drought events, and their 

potential cascading effects on other trophic levels (Morellato et al. 2016). 

Changes in the seasonality of palm phenology can have positive or negative effects on 

frugivorous seed dispersers and seed predators (Memmott et al. 2007; Post et al. 2008). Our 

results indicate that seed predation rates are not consistently affected by droughts. However, 

the relative importance of each predation agent, i.e., seed predation by weevils or squirrels, 

varies between periods, indicating that different predatory agents might respond differently to 

climate variables. Weevils are not satiated by an increased seed production, unlike squirrels. 

Since the weevil Revena rubiginosa larvae depend on S. romanzoffiana seeds to complete the 

life cycle, during years of small crops the weevils’ population may be reduced (Alves-Costa 

and Knogge, 2005). Thus, during the next breeding event there will be fewer adult weevils and 

a lower rate of seed predation, allowing squirrels to explore more S. romanzoffiana seeds in 

these years following low crop sizes. On the other hand, during years of large crop sizes, weevils 

would be able to prey on more palm seeds, reducing the number of seeds available to squirrels. 

Squirrels can also exploit other food sources in their diet (Miranda, 2005). Hence, the 

interannual variation in seed damage made by a specific predator agent is compensated, at least 

partially, by the other predator, and the total rate of seed predation remains reasonably constant 

over time. In this way, the increase in predation by an agent does not result in greater total 

predation, but in a reduction in predation by other predators (see also Wright, 2003). 

Variation on fruit and seed sizes between years or following droughts, and its 

consequences on resource availability, were not considered here, but may also have affected 

our results (Moegenburg, 1996). As droughts anticipate the flowering of S. romanzoffiana, the 

ripening of the fruits, which requires around 5 to 6 months (author’s personal observation), 

occurs during the driest season of the year, in contrast to the periods of regular rainfall, when 

the greatest presence of ripe fruits occurs during the rainy season. During the dry season there 

is usually less fleshy fruit available at plant community level (Genini et al. 2009) and it is likely 

to expect a further reduction in resources during periods of droughts. Thus, ripe fruits, which 

have a different chemical composition from unripe fruits (such as a higher amount of lipids, 

Barbi et al. 2020), can be more attractive to animals in periods of famine (Wright et al. 1999). 

The decrease in records of bunches with ripe fruits may be a consequence of a faster 

consumption of the fruits available during periods of fruit scarcity (i.e., during droughts). Given 
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the time interval of our observations (once a month) we cannot properly evaluate this 

possibility. However, unripe palm fruits seem to be targeted by squirrels specially during 

periods of drought (author’s personal observation). A decrease in records of bunches with ripe 

fruits during droughts may also be the result of a higher rate of failure (e.g. abortion) during 

seed development. However, great variations in the numbers of seeds aborted where also 

observed between years of regular rainfall (Table 2).  

Successful plant recruitment, specially of large-seeded species, often relies on seed 

numbers and adequate conditions for establishment (Moles and Westoby, 2002). When 

considering the predicted increases in the frequency, intensity and duration of droughts, already 

observed Brazil and other tropical regions (Spinoni et al. 2019), the long-term maintenance of 

S. romanzoffiana in remnants of Atlantic forest may be uncertain. Although changes in palm 

phenology not seem to affect the amount of seeds losses to predators, future studies should 

evaluate the impact of climate change on further recruitment stages, such as the likelihood of 

palm seed germination, seedling survival and recruitment. Given the importance of this palm 

for the animal community, a decrease in recruitment of this palm may compromise the 

maintenance of the frugivore community and the interactions they maintain in the long term. 

 

2.6 CONCLUSIONS 

Droughts displace the temporal pattern of flower and fruit production in the palm 

Syagrus romanzoffiana and seems to change the reproductive output, reducing the quantity of 

bunches with flowers and ripe fruits of this palm in Atlantic Forest fragments in southeastern 

Brazil. These changes are likely to impact animals that rely on fruits and seeds, but we detected 

no effect of drought on the amount of seed losses to squirrels and weevils. The relative 

importance of different seed predation agents varies over time irrespective of drought. 

Therefore, despite the effects of drought on reproductive phenology, we detected no cascading 

effects on seed predation of this palm. 
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3 CONSIDERAÇÕES FINAIS 

 

 As secas são capazes de alterar a sazonalidade da fenologia reprodutiva de Syagrus 

romanzoffiana, bem como influenciar na quantidade de cachos produzidos, tanto reduzindo a 

quantidade de cachos maduros, como aumentando o número de cachos com frutos imaturos, 

mas tais alterações não repercutem na quantidade de sementes que são predadas por besouros 

ou esquilos no local de estudo. No entanto, a predação de sementes de S. romanzoffiana varia 

de acordo com o tipo de agente e com o ano em análise. Os resultados sugerem que as mudanças 

climáticas afetem mais a reprodução das palmeiras do que a quantidade de sementes que perdem 

para predadores no local de estudo. A continuação da coleta de dados ao longo dos anos é 

importante para ampliar a resolução destes resultados e nos permitir ter maior entendimento 

sobre os fatores importantes para a reprodução da espécie e possíveis efeitos em outros níveis 

tróficos, bem como para analisar outros aspectos da biologia da espécie, como sua dinâmica 

populacional. 
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