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30

31 Abstract

32  Several monoecious species of palms developed complex strategies to promote cross-pollination 

33 including the production of large quantities of floral resources and the emission of scent that are 

34 attractive to pollinators. Syagrus coronata constitutes an interesting model with which to 

35 understand the evolution of plant reproductive strategies in a monoecious species adapted to 

36 seasonally dry forests. 

37  We monitored blooming phenology over one year, during which we also collected and identified 

38 floral visitors and putative pollinators. We identified potential floral visitor attractants by 

39 characterizing the scent composition of inflorescences, as well as of peduncular bracts, during both 

40 male and female phases, and the potential for floral thermogenesis. 

41  Syagrus coronata produces floral resources throughout the year. Its inflorescences are 

42 predominantly visited by a diverse assortment of small-sized beetles, whose richness and 

43 abundance vary throughout the different phases of anthesis. We did not find evidence of floral 

44 thermogenesis. A total of 23 volatile compounds were identified in the scent emitted by the 

45 inflorescences, which did not differ between male and female phases; whereas the scent of the 

46 peduncular bracts was composed of only 4-methyl guaiacol, which was absent in inflorescences. 

47  The composition of floral scent chemistry indicates that palm has evolved strategies to be 

48 predominantly pollinated by small-sized weevils. Our study provides rare evidence of a non-floral 

49 scent emitting structure involved in pollinator attraction, only the second case specifically in palms. 

50 The peculiarities of the reproductive strategy of S. coronata might play an important role in the 

51 maintenance of pollination services and pollen dispersion.
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53 Introduction

54 Palms (Arecaceae) are perhaps one of the most conspicuous and recognizable plant groups in the 

55 world, featuring almost 2,600 species (Dransfield et al., 2008), whose habits range from climbers and 

56 shrubs to stemless and tree-like growth forms. Both the form and anatomy of their inflorescences, bracts 

57 and floral organs are diverse (Uhl and Moore, 1977), with several morphological features understood as 

58 adaptations to attract floral visitors (Henderson, 2002). The often large inflorescences of palms can produce 

59 profuse quantities of flowers, allowing insect visitors to use them as brood sites and shelter to undergo part 

60 of their reproductive cycles (Dufaÿ et al., 2003; Núñez-Avallaneda et al., 2005; De Medeiros et al., 2019), 

61 which can influence floral resource usage (Núñez-Avallaneda and Carreño, 2017). Palm inflorescences can 

62 reward floral visitors with edible floral tissues, pollen, nectar, floral scent, and even heat produced 

63 endogenously (i.e. thermogenesis) (Barfod et al., 2011). In both monoecious and dioecious palms, 

64 staminate flowers are more abundant than pistillate flowers and offer the largest amounts of resources to 

65 floral visitors (Núñez-Avellaneda and Carreño, 2017), whereas pistillate flowers offer few or no rewards at 

66 all (Dufaÿ and Anstett, 2004; Ríos et al., 2014).

67 Palms appear to have evolved a widespread strategy of floral scent emission for the attraction of 

68 effective pollinators and, thereby, the floral scent chemistry of several species has been elucidated  (e.g. 

69 Ervik et al., 1999; Knudsen, 1999; Knudsen et al., 1999, 2001; Núñez-Avallaneda et al., 2005; Maia et al., 

70 2018). It has long been shown that the presence of certain volatile organic compounds (VOCs) can reflect 

71 the type of pollinating vector (Dobson, 2006), and that floral scent composition in palms might be a more 

72 important phenotypic character for cantharophily than for myiophily or melittophily (Knudsen et al., 2001). 

73 Among several species of palms, the occurrence of thermogenesis is thought to further improve 

74 volatilization of floral scents and create an optimized microclimate for visitors (Ervik and Barfod, 1999). 

75 Thus, the production of floral scent and heat can be a  primordial factor for pollinator attraction and, 

76 therefore, develop an important role for the evolution of reproductive strategies in palms (Küchmeister et 

77 al., 1998).

78 Generalist pollination strategies have long been assumed to be the dominant trend in extant palm 

79 species (Henderson, 1986; Silberbauer-Gottsberger, 1990; Listabarth, 2001). It is nonetheless currently 

80 accepted that palms have evolved diverse pollination strategies to secure reproductive success (Moore, 

81 2001; reviewed by Barfod et al., 2011), including reports of anemophily (i.e. wind pollination; e.g. 

82 Listabarth, 1993; Otero-Arnaiz and Oyama, 2001; Savolainen et al., 2006), several types of zoophily (i.e. 

83 animal pollination), and also ambophily; (i.e. both wind and animal vectors; e.g. Ríos et al., 2014). Animal 

84 pollination in palms is predominantly achieved through pollinating functional groups (sensu Fenster et al., 

85 2004), mainly represented by beetles, bees and flies (Henderson, 1986; Silberbauer-Gottsberger, 1990; A
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86 Listabarth, 1996; Gottsberger and Silberbauer-Gottsberger, 2006; Barfod et al., 2011; Guerrero-Olaya and 

87 Núñez-Avellaneda, 2017; Lara et al., 2017; Straarup et al., 2018). These insect groups were recorded as 

88 pollinating agents of about 60% of studied palm species (Barfod et al., 2011), but other insect taxa (e.g. 

89 thrips), and even mammals (e.g. bats) have also been recorded as effective pollinators (Listabarth, 1993; 

90 Cunningham, 1995; Tschapka, 2003; Wiens et al., 2008; Ríos et al., 2014). 

91 The cocosid palms (tribe Cocoseae), which are characterized by fruits with bony endocarps bearing 

92 three germination pores, are an important group of economically exploitable plants (Meerow et al., 2015). 

93 For example, both the coconut palm (Cocos nucifera L.) and the African oil palm (Elaeis guineensis Jacq.) 

94 belong to this tribe. In the Neotropics, several other taxa within the tribe also provide economic value to 

95 humans, namely Astrocaryum, Attalea, Bactris, Oenocarpus and Syagrus, all of which are primarily beetle 

96 pollinated (Listabarth, 1992, 1996; Silberbauer-Gottsberger et al., 2001; Núñez-Avellaneda et al., 2005; 

97 Núñez-Avellaneda and Rojas-Robles, 2008; Auffray et al., 2015; Núñez-Avellaneda and Carreño, 2017). A 

98 conspicuous, woody peduncular bract, also characteristic of cocosoids (Dransfield et al., 2008), functions as 

99 a protective cover for insects while visiting the inflorescences (Núñez-Avallaneda et al., 2005). This is 

100 especially true for anthophilous beetles, as they remain on the inflorescences for longer periods than do 

101 bees and flies, as has been observed in the pollination of Syagrus species (Núñez-Avellaneda and Carreño, 

102 2017; De Medeiros et al., 2019).

103 The Neotropical genus Syagrus currently comprises 65 species, of which 57 occur in Brazil 

104 (Noblick, 2017), with diverse reproductive strategies and phenological patterns (Lopes, 2007; Begnini, 

105 2008; Rocha, 2009; Genini et al., 2009; Miola et al., 2010; Nunes, 2010; Freire et al., 2013). Although most 

106 species of Syagrus are chiefly beetle-pollinated, their flowers attract various insect groups, such as bees and 

107 flies, which can function as secondary pollinators and even main pollinators (Gottsberger and Silberbauer-

108 Gottsberger, 2006; Rocha, 2009; Silberbauer-Gottsberger et al., 2013; Guerrero-Olaya and Núñez-

109 Avellaneda, 2017; Núñez-Avellaneda and Carreño, 2017; De Medeiros et al., 2019). Recent studies have 

110 described some aspects of the reproductive biology of Syagrus species, the ‘licuri palm’ (Syagrus coronata 

111 (Mart.) Becc.), including floral visitor diversity and blooming phenology (Rocha, 2009; De Medeiros et al., 

112 2019). However, further important aspects of its pollination ecology, such as its floral scent composition 

113 and the potential for thermogenesis remain unknown not only for S. coronata but for the entire genus. In 

114 some preliminary observations on cultivated S. coronata individuals at the Montgomery Botanical Center 

115 (Florida, USA), it was recorded that the characteristic inflorescence scent during anthesis was not only 

116 emitted by the flowers but also from the peduncular bract (Martel, pers. obs.). To the best of our 

117 knowledge, the phenomenon that a protective tissue contributes to floral advertisement has not been 

118 previously recorded in other palm taxa. Our study has the aim to provide more insights on the pollination 

119 ecology of S. coronata by analyzing its phenology, comparing the abundance of floral visitors during male A
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120 and female phases, assessing the occurrence of thermogenesis and chemically characterizing the scent 

121 composition from different inflorescence tissues.

122 Methods

123 Focal species and motivation for study

124 Syagrus coronata is a medium-sized palm, reaching up to 10 m high (Rocha, 2009). It has small 

125 yellowish flowers, arranged in a panicle-type inflorescence that is protected by a large (±82.5 cm; Rocha, 

126 2009) coriaceous peduncular bract (Lorenzi et al., 2004). The species is pronouncedly protandrous, with 

127 staminate flowers in anthesis before pistillate flowers (Rocha, 2009). Fruits are arranged in bunches and 

128 exhibit coloration ranging from light yellow to orange when fully mature (Crepaldi et al., 2001). Flowers 

129 and fruits can be found throughout the year, even during persistent droughts (Drumond, 2007). Syagrus 

130 coronata is one of the main palm species of northeastern Brazil, widely distributed in the states of 

131 Pernambuco, Alagoas, Sergipe, Bahia, as well as Minas Gerais (Noblick, 2017). 

132

133 Study area

134 The study was carried out in an area of seasonally dry tropical forest (Caatinga) in the Catimbau 

135 National Park (PARNA Catimbau; 8°30'57"S, 37°20'59"W), which covers ca. 62,300 ha shared by the 

136 municipalities of Buíque, Tupanatinga, and Ibimirim, state of Pernambuco, northeastern Brazil (Fig. 1). 

137 The region presents a semi-arid climate (BS'hW-Köeppen 1948) with annual average temperature and 

138 precipitation of 23 ºC and 300-500 mm, respectively (IBAMA, 2005). 

139

140 Phenology

141 Thirty individuals of S. coronata in the reproductive stage, evaluated by the presence of emerging 

142 peduncular bracts, inflorescences or developing infructescences, were chosen in each study area, totaling 

143 120 individuals in the study. All individuals were monitored monthly from July 2014 to December 2015. 

144 We chose four study sites (Sites 1-4) to cover a larger area of PARNA Catimbau. In each of these four 

145 sites, the presence (1) and absence (0) of emerging bracts, inflorescences or infructescences were recorded 

146 to estimate the reproductive stage of the population as a whole. Phenological data were analyzed using 

147 circular statistics (Morellato et al.,  2010), in which the months were represented by angles with intervals of 

148 30º (January: 15º - December: 345º) and the seasonality of each event was represented by a r vector (Zar, 

149 1984), indicating the reproduction intensity. The Rayleigh test was performed to analyze whether there was 

150 seasonality in fruiting and/or flowering phenology of S. coronata. All analyses were performed with Oriana A
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151 v.2.0 (Kovach Computing Services, 2009). Although data were collected at four distinct sites, phenological 

152 information was analyzed for the whole population of S. coronata at PARNA Catimbau.

153

154 Floral visitors

155 Floral visitors were captured in situ during the rainy season, between May and August 2015. 

156 Inflorescences belonging to six individuals at two different locations were used for sampling. One 

157 inflorescence was sampled from each tree at the beginning of each month during the male phase, and at the 

158 end of each month during the female phase. For both phases, insects were collected during the day and at 

159 night, morphotyped and quantified, with reference specimens mounted for eventual identification. For 

160 insect collection, inflorescences were bagged and agitated, then all invertebrates that fell to the bottom of 

161 the bags were fixed in 70% ethanol and subsequently screened (Núñez-Avellaneda and Rojas-Robles, 

162 2008). Bees and other actively flying insects that were not caught by bagging were collected using an 

163 entomological net. Insect vouchers were deposited in the Entomological Collection of the Federal 

164 University of Pernambuco (CE-UFPE).

165 The behavior of floral visitors of S. coronata was observed for a total of 225 hrs and described by 

166 direct observations of their activities on staminate and pistillate flowers during the day (100 hrs, from 06:00 

167 to 17:00h) and during night time (125 hrs, from 18:00 to 05:00h) with the aid of a flashlight. Depending on 

168 the behavior of the floral visitors and following the classification scheme of Silberbauer-Gottsberger et al. 

169 (2013), they were recorded as: (1) non-pollinating visitors (i.e. those which did not promote damage to 

170 floral structures nor legitimately pollinate pistillate flowers), (2) parasites/pillagers (i.e. those which only 

171 fed on floral resources without pollinating pistillate flowers), (3) occasional pollinators (i.e. those which 

172 visited the inflorescences only during one or the other phase of anthesis, or fed on floral resources and 

173 behaved as parasites, occasionally pollinating pistillate flowers), (4) main pollinators (i.e. those which fed 

174 on floral resources and contacted both staminate and pistillate flowers).

175 In order to infer whether visitors acted as legitimate pollinators, two aspects were taken into 

176 account: (1) collection and/or observation within inflorescences during both male and female phases of 

177 anthesis and (2) contact of receptive/functional male and female reproductive structures. To test the 

178 hypothesis that abundance and richness of floral visitors associated with inflorescences of S. coronata were 

179 different between male and female phases of anthesis, a Shapiro-Wilk test was used to test the normality of 

180 the data, followed by the Mann-Whitney test for non-parametric data.

181

182 Floral thermogenesis A
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183 The temperatures of inflorescences of S. coronata were measured to assess the possible occurrence 

184 of thermogenesis during anthesis. Temperature measurements of inflorescences and ambient air were taken 

185 with a digital thermometer equipped with a data logger (sensitivity 0.1ºC, Hanna Instruments Inc., USA) at 

186 regular intervals of 10 minutes for 24 hours, with five replicates for each phase of anthesis. A thermocouple 

187 wire probe was carefully inserted between pistillate and staminate structures, and another probe was 

188 maintained about 50 cm away from the inflorescence under shade (adapted protocol from Maia et al., 

189 2010). The differences between the measured temperatures in the inflorescences and the surrounding air 

190 were represented in a continuous graph of real data and analyzed through an ANOVA test.

191

192 Sampling of inflorescence and peduncular bract scent 

193 Scent samples of inflorescences and peduncular bracts of S. coronata were collected using dynamic 

194 headspace extraction (Raguso and Pellmyr, 1998). Sampling was conducted in the late afternoon and at 

195 night, the only periods in which scent was perceptible to the human nose. Inflorescences at pistillate 

196 (N=10) and staminate phases (N=10) each from different individuals in various stages of anthesis, as well 

197 as their respective peduncular bracts, were isolated in polyethylene plastic bags (Toppits Bratschlauch, 

198 Melitta GmbH, Germany) and the scented air was drawn for 15 min through adsorbent tubes connected 

199 with silicone tubing to a membrane pump (ASF Thomas Inc, Germany) that worked at a constant flow of 

200 200 mL min-1. The adsorbent tubes (10 cm long, 0.5 i.d.), made out of borosilicate glass were filled with 50 

201 mg of a 1:1 mixture of Tenax™ TA (80/100, Macherey-Nagel 706318) and Carbopack™ X (20/40, 

202 Supelco 1-0435), which was fixed in each tube with silanized glass wool plugs. In order to identify possible 

203 ambient contaminants, control samples (from an empty bag) were collected simultaneously to each scent 

204 sample, following the same protocol described above. Traps were eluted with 250 μL of hexane (HPLC 

205 grade, bidistilled) and stored at -24 °C until chemical analysis. 

206 Scent samples were analyzed by gas chromatography-mass spectrometry (GC-MS) in an Agilent 

207 5975C Series GC/MSD quadrupole system (Agilent Technologies, Palo Alto, USA), equipped with a non 

208 polar DB-5 column (Agilent J & W; 60 m × 0.25 mm i.d., 0.25 μm film thickness). For each sample, a 1 μL 

209 aliquot was injected in split mode (1:2). The GC temperature was set at 40 ºC for 2 min, then increased at a 

210 rate of 4 ºC min-1 up to 230 ºC and held for 5 min. Helium was used as carrier gas and it was maintained at 

211 a constant pressure of 7 psi. The MS interface was set at 230 ºC and the mass spectra recorded at 70 eV (in 

212 EI mode) with a scan rate of 0.5 scan/s of m/z 40-350. Compounds were identified by comparing their mass 

213 spectra and retention times to those of authentic standards available from the reference libraries MassFinder 

214 4, NIST08 and Wiley Registry™ 9th Edition integrated into the Agilent MSD Productivity ChemStation A
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215 software (Agilent Technologies, Palo Alto, USA). Peak areas in the chromatograms were integrated to 

216 obtain the total ionic signal and their values used to determine the relative proportions of each compound. 

217 The total scent emitted by inflorescences during the male and female phases of anthesis, and also 

218 that emitted by the peduncular bracts during both phases were compared by Mann-Whitney tests. In 

219 addition, a PERMANOVA test with two factors was performed to compare the scent composition between 

220 peduncular bracts and inflorescences at both phases.

221

222 Results

223 Reproductive phenology – The inflorescence of S. coronata is enclosed by a large peduncular bract 

224 (Fig. 2A), requiring five to ten months to fully develop. Rachillae are arranged so that pistillate flowers, in 

225 the distal portion, form triads with two staminate flowers, whereas the basal portion is comprised 

226 exclusively of pistillate flowers (Fig. 2B). Staminate flowers open first and the male phase of anthesis lasts 

227 about 7 to 10 days, after which flowers wither and fall off (Fig. 2C). Approximately 15 days after 

228 dehiscence of the staminate flowers, pistillate flower buds mature and start to open (Fig. 2D). The female 

229 phase (Fig. 2E) lasts for 10 to 15 days after which fruits begin to develop (if fertilization occurs) (Fig. 2F). 

230 Fruits take ca. two months to mature, reaching about 3-5 cm of length with green and reddish coloration at 

231 the tips (Fig. 2G).

232 We observed mature plants in bloom throughout the year; however, the highest concentration of 

233 individuals in reproductive stage was observed between August and January, peaking in November 

234 (r=0.311), and showing seasonality (Z=27.7, p<0.0001; Fig. 3A). Fruiting also occurred throughout the 

235 year, but was scarcer in July and December, restricted to a few individuals only. This reproductive stage 

236 was also seasonal (Z=52.5, p<0.0001) and concentrated between January and April, peaking in March 

237 (r=0.641; Fig. 3B).

238 Floral visitors – A total of 48 morphospecies of arthropods were recorded as floral visitors in 

239 inflorescences of S. coronata, 31 of which identified at least to the family level (Table 1). Among these, 

240 only 16 (33.3%) were present during both male and female phases of anthesis, whereas 30 (62.5%) and 

241 only two (4.2%) were reported exclusively in the male and female phases, respectively. The most species-

242 rich arthropod orders among floral visitors were Coleoptera (14 spp.), Hymenoptera (8 spp.) and Araneae 

243 (8 spp.). Despite occurring in both phases, Coleoptera of two weevil species (i.e. Homalinotus coriaceus 

244 (Gyllenhal, 1836) and Odontoderes transversalis (Pascoe, 1872), Curculionidae, Molytinae; Figs. 4A and 

245 4C) and one seed beetle (i.e. Pachymerus nucleorum (Fabricius, 1972), Chrysomelidae, Bruchinae; Fig. 

246 4B) appeared to act exclusively as parasites, as they fed on flowers and seeds and deposited their eggs in A
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247 staminate flowers, for their larvae to feed on pollen (Fig. 4D). On the other hand, derelomine flower 

248 weevils (Andranthobius bondari (Hustache, 1940), Curculionidae, Derelomini; Fig. 4E) and stingless bees 

249 (Trigona spinipes (Fabricius, 1793), Apidae, Meliponini; Fig. 4F) were observed with pollen on their 

250 bodies while contacting the reproductive structures of both staminate and pistillate flowers. Stingless bees 

251 were observed collecting resin from inflorescences during both phases. Based on our classification of floral 

252 visitors, A. bondari was considered as a main pollinator, T. spinipes and two Coleoptera species (i.e. 

253 Anchylorhynchus trapezicollis (Hustache, 1940) and Nitidulidae sp.) were occasional pollinators, ten 

254 morphospecies were parasites and seventeen were considered as non-pollinator visitors (Table 1).

255 Inflorescences in male phase attracted on average 284 ± 232 (SD) visitors (N=15) ranging from 25 

256 to 775 individuals belonging to twelve morphospecies (mean±SD: 10.7±1.38, N=15), totaling 3,940 

257 individuals and 44 morphospecies. Contrastingly, inflorescences in the female phase were visited in 

258 average by 15 ± 11 (SD) individuals (N=12) ranging from three to 50 individuals belonging to four 

259 morphospecies (mean±SD: 3.25±0.96, N=12) (Fig. 5, Table 1). Thus, both the species richness (Mann-

260 Whitney test, Z=4.39, p<0.0001) and abundance (Mann-Whitney test Z=4.09, p<0.0001) of floral visitors 

261 were significantly higher during the male phase of anthesis (Fig. 5).

262 Floral thermogenesis – We did not measure any thermogenic activity from the inflorescences, as 

263 temperatures recorded in the floral tissues during the course of anthesis did not significantly differ from 

264 those of the surrounding air (Fig. 6), neither during female (F=0.04, DF=574, p=0.96, N=15) nor male 

265 phase (F =-0.98, DF=574, p=0.32, N=15).

266 Scents emitted by inflorescences and peduncular bracts – Consistent with our preliminary 

267 observations, GC-MS analyses confirmed that the peduncular bract emits scents throughout anthesis. We 

268 identified a total of 23 VOCs in samples of both inflorescences and peduncular bracts of S. coronata (Table 

269 2). The inflorescences emitted scent blends dominated by (E)-β-ocimene, which averaged a relative total of 

270 86.1% and 91.5% during male and female phases, respectively, whereas the peduncular bracts, during both 

271 male and female phases of anthesis, emitted exclusively 4-methyl guaiacol (100% in both phases) (Table 

272 2). This compound resembles vanillin in chemical structure and olfactory impact (to the human nose), and 

273 is released by the glaucous, waxy adaxial surface of the peduncular bract, which is anatomically highly 

274 differentiated from the green, vegetation-like abaxial surface (Martel, pers. obs.). The multivariate 

275 statistical analyses revealed that scent composition of inflorescences and peduncular bract differed 

276 significantly from each other (Pseudo F1,45=714, p<0.001); but that scent blends emitted by inflorescences, 

277 as well as peduncular bracts, were similar in male and female phase (Pseudo F1,45=1.29, p=0.29). Although 

278 total amount of scents emitted by inflorescences during male and female phases did not differ significantly 
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279 (Z=0.31, p=0.75; Fig. 7A), S. coronata peduncular bracts emit significantly higher amounts of scent during 

280 male than during female phase (Z=3.59, p<0.001; Fig. 7B). 

281 Discussion

282 Reproductive phenology

283 Although flowering and fruiting of S. coronata can be observed throughout the year in the Brazilian 

284 Caatinga, we observed a degree of reproductive seasonality that is similar to what has been recorded for 

285 other species of palms native to the Atlantic forest of Brazil (Genini et al., 2009). In some Syagrus species, 

286 flowering and fruiting can also be characterized as seasonal and asynchronous (Bruno et al., 2019), similar 

287 to what was revealed in the studied population of S. coronata at PARNA Catimbau. Moreover, populations 

288 of some species of Syagrus also develop marked seasonality, such as S. vagans (Bondar) A.D.Hawkes, S. 

289 glaucescens Glaz. ex Becc., and S. oleracea (Mart.) Becc. (Lopes, 2007; Miola et al., 2010; Nunes, 2010), 

290 whereas others exhibit continuous reproductive events all year long, such as S. orinocensis (Spruce) 

291 Burret., S. smithii (H.E.Moore) Glassman., and S. pseudococus (Raddi) Glassman (Genini et al., 2009; 

292 Guerrero-Olaya and Núñez-Avellaneda, 2017; Núñez-Avellaneda and Carreño, 2017). Our own records on 

293 the reproductive phenology of S. coronata in Pernambuco differ from previous reports on populations from 

294 Bahia: S. coronata fruiting in Pernambuco occurs predominantly between March and July (Bondar, 1938), 

295 whereas in Bahia it occurs between October and December (Lorenzi, 1992). This suggests that differences 

296 in the peak of flowering and fruiting could reflect local climatic adaptation (Pittman, 2000). 

297 Floral visitors: pollinators and parasites

298 Despite a large number of floral visitors, only a few function as true pollinators. Some beetle 

299 species oviposit in flowers and feed on floral tissues of S. coronata; nevertheless, they can also provide 

300 effective pollination services. Weevils of the species H. coriaceus, known as miners of floral peduncles, 

301 were only observed parasitizing the reproductive parts. These insects are responsible for the reduction of 

302 fruit set and for damage to the floral peduncle, causing tissue death and flower abscission (Ferreira and 

303 Lins, 2006). This is also the case for P. nucleorum, the coconut borer, whose females lay their eggs on the 

304 fruits, being responsible for seed predation in some palms, including S. coronata (Grenha et al., 2008). 

305 Nevertheless, not all species of Pachymerus are harmful to the fruiting success of palms, including that of 

306 S. coronata. According to De Medeiros et al. (2019), P. thoracicus Prevett, 1966 is characterized as a 

307 pollinator, regardless of the damage it causes to developing fruits. There were additional anthophilous 

308 arthropods (e.g. ants and spiders) that could indirectly exert negative pressure on the reproductive success 

309 of S. coronota in our study population, due to predation on effective pollinators.
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310 Only four insect species were identified as pollinators: three beetle species (i.e. A. bondari, A. 

311 trapezicollis and Nitidulidae sp.) and one bee species (T. spinipes), which visited staminate and pistillate 

312 flowers and contacted anthers and stigmas. These species were also the most abundant visitors associated 

313 with inflorescences of S. coronata at PARNA Catimbau.  Small beetles and bees were also the main floral 

314 visitors of S. coronata in populations in Bahia (Rocha, 2009; De Medeiros et al., 2019). Although bees may 

315 play a secondary pollinator role in the pollination of S. coronata, beetles are likely to function as the main 

316 pollinators of S. coronata because of their abundance in flowers. Furthermore, the flower-visiting beetles 

317 utilize inflorescences of S. coronata as a source of pollen, as well as sites for mating and oviposition, 

318 creating the potential for mutual dependence that sometimes evolves into obligate mutualism (Hoe et al. 

319 2005; Núñez-Avallaneda et al., 2005; Kumano and Yamaoka, 2006; Kumano-Nomura and Yamaoka, 

320 2009). Predominant beetle pollination with occasional contribution of stingless bees, as reported here, has 

321 been recorded in Attalea and Wettinia palms (Núñez-Avellaneda et al., 2005), as well as in other species of 

322 Syagrus (Silberbauer-Gottsberger, 1990; Gottsberger and Silberbauer-Gottsberger, 2006; Martel et al., 

323 2013; Guerrero-Olaya and Núñez-Avellaneda, 2017). Similar to our findings, individuals of S. coronata in 

324 Bahia were also predominantly pollinated by beetles, specially derelomine flower weevils. We did not 

325 record the same pollinator species at PARNA Catimbau as those reported in Bahia, which could reflect the 

326 influence of local enviromental traits over the biodiversity of the Caatinga (Leal et al., 2005); nevertheless, 

327 the same functional groups of pollinators appear to be associated with inflorescences of S. coronata across 

328 its natural distribution (Rocha, 2009; De Medeiros et al., 2019).

329 The higher richness and abundance of visitors in inflorescences of S. coronata during the male 

330 phase of anthesis are probably related to the availability of floral rewards, mostly pollen, offered by 

331 staminate flowers and absent from pistillate flowers (Barfod et al., 2011; De Medeiros et al., 2019). This 

332 phenomenon had been already documented in other angiosperm taxa (Zych, 2007; Hargreaves et al., 2009). 

333 Despite the fact that pistillate flowers can offer resinous substances and nutritious tender floral tissues as a 

334 reward, their significantly lower abundance and temporal availability make them a less reliable resource 

335 than staminate flowers. However, some visitors of staminate flowers do not act as pollinators, as they 

336 almost exclusively visit the inflorescence during the male phase and, therefore, their role in pollination is 

337 very low or inexistent. Nevertheless, even when pollination events are rare, they can still be effective 

338 because each insect may be able to deposit large amounts of pollen on the pistillate flowers (Otero-Arnaiz 

339 and Oyama, 2001; Aguirre and Dirzo, 2008).

340 Floral thermogenesis

341 In some plant groups, such as palms, an increase in the concentration of floral scent emitted is 

342 linked to heat production because high temperatures facilitate volatilization of chemical compounds (Ervik A
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343 and Barfod, 1999). Although thermogenesis is widely reported among palms (Küchmeister et al., 1998; 

344 Ervik and Barfod, 1999; Núñez-Avellaneda et al., 2005), we did not detect any significant increase in the 

345 temperature of staminate or pistillate flowers compared with ambient temperature. It is interesting that most 

346 palm species in which thermogenesis occurs present a short period of anthesis (a few days), whereas S. 

347 coronata is in bloom during an extended period (several weeks). Thermogenesis requires constant 

348 consumption of metabolic energy (Walker et al., 1983) and, therefore, sustaining thermogenesis daily for 

349 even a single week would be energetically costly.

350 Inflorescence and peduncular bract scent

351 The floral scent blends emitted by the inflorescences of S. coronata during both the male and 

352 female phases of anthesis are composed of several VOCs but are dominated (> 80% of total composition) 

353 by a ubiquitous floral volatile, (E)-β-ocimene. A similar pattern was recorded among phytelephantoid 

354 palms (e.g. Aphandra, Ammandra and Phytelephas; Ervik et al., 1999), Bactris (Knudsen et al., 2001), 

355 Geonoma (Knudsen et al., 2001), and Wettinia (Knudsen et al., 2001; Núñez-Avellaneda et al., 2005). The 

356 same floral scents emitted by male and female flowers are evidence of intersexual mimicry, which occurs 

357 among many monoecious and dioecious angiosperms (see Ashman, 2009 for a review) and guarantees 

358 pollinators’ constancy and movements between floral structures of both sexes (Baker, 1976). Most floral 

359 VOCs identified from the inflorescences of S. coronata (i.e. (E)-β-ocimene, β-myrcene, linalool and methyl 

360 benzoate) have been previously recorded as common constituents in floral scents of many taxa across 

361 numerous plant families (Knudsen et al., 2006). In turn, the VOC identified in headspace samples obtained 

362 from the peduncular bracts of S. coronata, 4-methylguaiacol, is a methoxylated aromatic benzenoid that has 

363 never been reported as a floral scent constituent of palms and is only known from a number of species of 

364 Lamiaceae (Guillén and Manzanos, 1999), Asteraceae (Pino et al., 2002; Szejk et al., 2017) and 

365 Orchidaceae (Awano et al., 1997; Dignum et al., 2002). The emission of 4-methylguaiacol is synchronized 

366 with floral anthesis of S. coronata, as it starts with the opening of the peduncular bract and exposure of the 

367 flowers at the onset of the male phase of anthesis and diminishes at the end of female phase. One can thus 

368 argue that this structure emits ‘floral’ scents, even though it is a floral structure subtending the 

369 inflorescence. A rather similar pattern of ‘floral’ scent emission by a non-floral structure is observed in 

370 another Arecaceae species, the dwarf palm Chamaerops humilis L. (Dufaÿ et al., 2003). Leaves of C. 

371 humilis release scents that attract pollinating derelomine flower weevil pollinators, whereas scents emitted 

372 by inflorescences, produced in significantly lower amounts, do not play any role in reproduction (Dufaÿ et 

373 al., 2003). This may also be the case in S. coronata, i.e. the scent of the peduncular bract may function as 

374 the main attractant of beetle pollinators, which (generally) rely more on olfactory than visual stimuli 

375 (Pellmyr and Patt, 1986; Gottsberger and Silberbauer-Gottsberger, 1991). To the best of our knowledge, a 

376 ‘floral’ scent-emitting peduncular bract has not been previously recorded in any other palm taxon, and it A
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377 would only be the second case of ‘floral’ scent emitted by a non-floral structure among these plants (Dufaÿ 

378 et al., 2003).

379 The chemical composition of the scents emitted by the inflorescence and peduncular bract of S. 

380 coronata is strikingly different, regardless of anthetic phase. The differences in the composition of floral 

381 scents between peduncular bracts and inflorescences and the differences in the amount of 4-methylguaiacol 

382 emitted by the peduncular bract during the male and female phases form a complex and unique scent-driven 

383 system so far only known in S. coronata. Despite the fact that 4-methylguaiacol might be a key component 

384 in long- or mid-range attraction of pollinators, the role of the scent given off by the inflorescence should 

385 not be overlooked in the context of pollinator behavior. Floral VOCs emitted by the inflorescence may act 

386 as short-range semiochemicals, to attract floral visitors and allow them to discriminate different phases of 

387 the long anthesis. In C. humilis, the high similarity of leaf scents in both male and female plants allows 

388 individuals within a population to dupe pollinators, directing them to the rewardless pistillate flowers 

389 (Dufaÿ et al., 2003). Thus, the production of different compounds by the peduncular bract and 

390 inflorescence in S. coronata may be related to learned preferences, increasing floral constancy and fidelity. 

391 Future experimental studies, testing the role of scents emitted by peduncular bracts and inflorescences only 

392 (by excluding, for example, visual cues) in attracting anthophilous insects associated with S. coronata, as 

393 well of mixtures of synthetic compounds simulating the scent of those parts during male and female phase, 

394 might shed light into the evolutionary significance of such an unusual olfactory advertisement.
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Identification Inflorescence phase Collection time
Nº of individuals per 

inflorescence (mean±SD)
Floral Resource Sought Behavior

Floral visitor 

type

Female Male Day Night Female Male

Coleoptera

Chrysomelidae

Pachymerus nucleorum X X - X 0.83±2.85 SH/LC PO/LC/SH CO/PC/R/O P

Bruchidae sp. - X - X 0.33±1.09 - PO/LC/SH PC/CO/R/O P

Curculionidae

Andranthobius bondari X X X X 51.67±98.61 SH/LC PO/LC/SH PC/CO/R/O SP

Anchylorhynchus trapezicollis X X X X 15.21±49.02 SH/LC PO/LC/SH PC/CO/R/O OP

Homalinotus coriaceus X X - X 0.38±1.06 FL/S FL/S FV P

Microstrates ypsilon - X X X 4.00±9.93 - PO/SH PC/R P

Odontoderes transversalis X X X X 1.79±4.75 SH/LC SH/LC R/CO/O P

Celetes sp. X X X X 2.96±4.95 - PO PC P

Epistrophus sp. X X X X 0.29±0.62 - PO PC P

Palmocentrinus sp. X X X X 0.25±1.03 FL/S FL/S FV P

Curculionidae sp. - X X X 0.13±0.45 - PO/LC/SH PC/CO/R/O P

Table 1 Floral visitors found in Syagrus coronata collected during 225 hours in the year 2015 in Catimbau National Park, Pernambuco, Brazil: reproductive phase and 

time at which they were collected, mean number of individuals and standard deviation of the number of individuals of each species collected in all the inflorescences of S. 

coronata, resource sought in each reproductive phase and the behavior carried out by the animal. Abbreviations as follow: PO= pollen; SH= shelter; FL= floral pieces 

RE= resin; LC= location for copula; S= sap; CO= copulation; FV= florivory; PC= pollen consumption; RC= resin collection; R= resting; N= nesting; GE= general 

exploration; O= oviposition. SP: strict pollinator, P: parasites, OP: occasional pollinator, NPV: non-pollinating visitor.
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Nitidulidae

Nitidulidae sp. X X X X 52.50±112.25 SH/LC PO/LC/SH PC/CO/R/O SP

Coleoptera sp.1 - X X X 0.29±1.04 - PO/LC/SH PC/CO/R/O P

Coleoptera sp.2 X X - X 0.08±0.28 - - - NPV

Coleoptera sp.3 X X - X 1.00±4.27 - - - NPV

Hymenoptera

Apidae

Trigona spinipes X X X - 13.33±25.12 RE PO CR OP

Formicidae

Cephalotes sp. - X X - 0.58±2.86 - - FO NPV

Formicidae sp.1 X X - X 0.13±0.34 - - FO NPV

Formicidae sp.2 - X X - 0.04±0.20 - - FO NPV

Formicidae sp.3 X - X - 0.63±2.36 - - FO NPV

Formicidae sp.4 X X X X 0.38±1.13 - - FO NPV

Cont. Table 1 Floral visitors found in Syagrus coronata collected during 225 hours in the year 2015 in Catimbau National Park, Pernambuco, Brazil: reproductive phase 

and time at which they were collected, mean number of individuals and standard deviation of the number of individuals of each species collected in all the inflorescences 

of S. coronata, resource sought in each reproductive phase and the behavior carried out by the animal. Abbreviations as follow: PO= pollen; SH= shelter; FL= floral pieces 

RE= resin; LC= location for copula; S= sap; CO= copulation; FV= florivory; PC= pollen consumption; RC= resin collection; R= resting; N= nesting; GE= general 

exploration; O= oviposition. SP: strict pollinator, P: parasites, OP: occasional pollinator, NPV: non-pollinating visitor.
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Diptera

Diptera sp. X X X X 2.54±7.96 SH SH R NPV

Hemiptera

Hemiptera sp. - X X - 0.04±0.20 - - - NPV

Araneae

Araneae sp.1 - X X X 0.13±0.34 - SH N NPV

Araneae sp.2 - X X - 0.04±0.20 - SH N NPV

Araneae sp.3 - X X - 0.04±0.20 - SH N NPV

Araneae sp.4 - X X - 0.04±0.20 - SH N NPV

Araneae sp. 5 - X X - 0.04±0.20 - SH N NPV

Araneae sp. 6 - X X - 0.04±0.20 - SH N NPV

Araneae sp. 7 - X X - 0.04±0.20 - SH N NPV

Cont. Table 1 Floral visitors found in Syagrus coronata collected during 225 hours in the year 2015 in Catimbau National Park, Pernambuco, Brazil: reproductive phase 

and time at which they were collected, mean number of individuals and standard deviation of the number of individuals of each species collected in all the inflorescences 

of S. coronata, resource sought in each reproductive phase and the behavior carried out by the animal. Abbreviations as follow: PO= pollen; SH= shelter; FL= floral pieces 

RE= resin; LC= location for copula; S= sap; CO= copulation; FV= florivory; PC= pollen consumption; RC= resin collection; R= resting; N= nesting; GE= general 

exploration; O= oviposition. SP: strict pollinator, P: parasites, OP: occasional pollinator, NPV: non-pollinating visitor.
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Araneae sp. 8 X - - X 0.04±0.20 - SH N NPV
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Peduncular Bract 

(%)
Inflorescence (%)

Phase Phase

Chemical compound RI Male Female Male Female

6-Methyl-5-hepten-2-one* 985 - - 0.08 0.10

β-myrcene* 991 - - 0.45 0.47

(Z)-β-Ocimene* 1041 - - 3.31 3.78

(E)-β-Ocimene* 1052 - - 86.11 91.56

(Z)-Linalool oxide (furanoid)* 1075 - - 0.09 0.01

Methyl benzoate* 1095 - - 0.08 -

Unknown 1 (mz 53, 67, 79, 107, 135, 150) 1097 - - - 0.02

Linalool* 1099 - - 0.43 0.09

Unknown 2 (mz 55, 67, 68, 82, 91, 110) 1108 - - 0.08 0.01

(E)-4,8-dimethylona-1,3,7-triene 1119 - - 0.29 0.13

Allo-ocimene 1131 - - 0.54 0.46

(E)-Epoxy ocimene 1145 - - 0.01 0.05

4-Methyl guaiacol* 1193 100.00 100.00 - -

Methyl salicylate* 1195 - - 0.08 0.03

α-Cubebene 1352 - - 0.03 -

Unknown 3 (mz 91, 105, 119, 161, 189, 204) 1368 - - - 0.02

α-Copaene* 1379 - - 1.78 0.23

Unknown 4 (mz 91, 105, 119, 133, 161, 204) 1392 - - 0.10 0.01

(E)-Caryophyllene* 1423 - - 0.01 -

Allo-Aromadendrene 1465 - - 0.01 -

(Z,E)-α-Farnesene 1496 - - 0.14 0.07

(E,E)-α-Farnesene 1510 - - 6.32 2.93

Unknown 5 (mz 91, 105, 119, 134, 161, 204) 1527 - - 0.04 0.01

Table 2 Mean relative amount of volatile compounds present in the floral scent of the spathes and 

inflorescences in male and female phases of Syagrus coronata. Numbers in bold indicate major 

components in each blend. Volatiles are listed according to retention index (RI), calculated from 

retention times in relation to those of a series of n-alkanes separated on a non-polar DB-5 capillary 

column. * Identification based on authentic standards.
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Figure captions 

Fig. 1 Map of the study area showing the four studied sites: (A) Location of the state of 

Pernambuco, (B) location of PARNA Catimbau, Buíque. Dots represent the four studied sites. 

Fig. 2 Reproductive structures of Syagrus coronata: (A) peduncular bract, (B) the layout in triads 

of staminate and pistillate flowers, (C) inflorescence in male phase, (D) pistillate flower buds, (E) 

inflorescence in female phase, (F) immature fruits, and (G) mature fruits. 

Fig. 3 Reproductive phenology of a population of Syagrus coronata during one year from 

July/2015 to December/2015 at PARNA Catimbau, Buíque, Pernambuco, Brazil: (A) phenophase 

of flowering, (B) phenophase of fruiting. 

Fig. 4 Floral visitors of Syagrus coronata: (A) Homalinotus coriaceus on pistillate flowers, (B) 

Pachymerus nucleorum on flowers during male phase, (C) Odontoderes transversalis on flowers 

during male phase, (D) larvae inside a staminate flower, (E) Andranthobius bondari (arrow) on 

staminate flowers, and (F) Trigona spinipes on a pistillate flower. 

Fig. 5 Species richness (A) and abundance (B) of floral visitors collected in inflorescences during 

male (N=15) and female (N=12) phases of Syagrus coronata. Asterisk indicates statistical 

significance (Mann-Whitney test, Z=4.39, p<0.0001; Z=4.09, p<0.0001, respectively). 

Fig. 6 Temperature fluctuation of the inflorescences during male (t= -0.98, DF=574, p= 0.32; blue 

line) and female (t= 0.04, DF= 574, p= 0.96; black line) phases of Syagrus coronata and their 

respective environments. 

Fig. 7 Absolute amount of scents  (total ion current, TIC) emitted by the peduncular bract  (A) 

and by the inflorescences (B) during male and female phases in individuals of Syagrus coronata 

(Mann-Whitney test, Z=0.049, p=0,96; Z=3.59, p<0.001, respectively). 
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