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Temporal Patterns of Pollination and Seed 
Dispersal in Capões of the Southern 
Pantanal

Vanessa Gabrielle Nóbrega Gomes, Marlies Sazima, Rafael Arruda, 
Erich Fischer, and Andréa Cardoso Araujo

14.1  �Introduction

Reproductive phenology involves temporal patterns of resource availability through-
out the year, these patterns being regulated by both environmental and biotic fac-
tors, including herbivores, pollinators and seed dispersers (Rathcke and Lacey 1985; 
Morellato et al. 2016; see also the chapter on “Synthesis of the Present Knowledge 
on Plant Phenology of the Pantanal” Chap. 13). Pollination and seed dispersal are 
two key processes in the reproductive ecology of most plants, which depend on a 
myriad of different pollen and seed vectors (Hansen and Muller 2009). The concept 
of syndromes comprises a set of characteristics of plant species commonly adjusted 
to a particular biotic group or abiotic agent as a result of providing pollination and 
seed dispersal services (Faegri and van der Pijl 1979; van der Pijl 1982). Floral 
attributes, such as shape, size, colour of corolla, period of anthesis and presence and 
type of odour, as well as offered resources, frequently vary among types of pollen 
vectors. Similarly, fruit traits like shape, size, weight, consistency, colour, dehis-
cence, pulp composition and seed size are variable according to different seed 
vectors.
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Most tropical plant species greatly depend on biotic vectors for reproduction, 
being invertebrates the commonest pollinators (van der Pijl 1982; Bawa 1990; 
Fleming and Kress 2013; Rech et  al. 2016). Bees represent the most important 
group of pollinators, since they pollinate a vast number of Neotropical species 
(Bawa 1990; Aoki and Sigrist 2006; Lopes et al. 2007; Souza et al. 2016). Birds and 
bats pollinate ca. 15% to 28% of the plant species in a given community, being the 
most important groups of pollen vectors among vertebrates (Borges 2000; Oliveira 
and Gibbs 2000; Machado and Lopes 2004; Fischer et  al. 2014; Quirino and 
Machado 2014). Likewise, animal-mediated seed dispersal is the main strategy 
among tropical plants, representing 50–90% of the species in local forest communi-
ties (Howe and Smallwood 1982; Jordano 2000; Tabarelli and Peres 2002). In wet 
forests, many plants produce fleshy fruits adapted to animal consumption, whereas 
anemochoric species or those dispersed by other abiotic modes prevail in dry envi-
ronments with marked seasonality (Machado et al. 1997; Griz and Machado 2001; 
Jara-Guerrero et al. 2011; Carvalho and Sartori 2014).

Different groups of pollinators and seed dispersers can present seasonal variation 
in the use of flower and fruit resources (Koptur et al. 1988; Fischer et al. 2018). In 
addition, these groups may use different strata of the forests, as each stratum pres-
ents microclimatic conditions and availability of resources associated with a spe-
cific fauna (Bawa et al. 1985; Almeida-Neto et al. 2008). Since animal communities 
are stratified and seasonally variable in relation to their requirements and to their 
frequency of occurrence, the vertical distribution in the vegetation and seasonality 
are expected to affect plant-animal interactions (Koptur et  al. 1988; Bawa 1990; 
Araujo and Sazima 2003; Souza et al. 2018).

The concept of pollination syndrome by Faegri and van der Pijl (1979) has 
been controversial because it assumes specialization of animal-plant interactions 
though specialized pollination systems are uncommon (Waser et al. 1996; Ollerton 
et al. 2009; Jordano 2010). Nonetheless, the concept of syndrome allows to objec-
tively classify plant species according to their main pollinator types, being useful 
for addressing plant reproductive ecology at the community level and for com-
parisons among vegetation types (Machado and Lopes 2004). Results on seed 
dispersal syndromes are likewise useful in the same contexts, and they have 
indeed been used for such studies (Griz and Machado 2001). Overall, results of 
pollination and seed dispersal syndromes can raise broad ecological issues and 
provide valuable information for finer studies on plant reproductive biology 
(Dafni and O’Toole 1994; Parra-Tabla and Bullock 2002; Muchhala and 
Jarrín 2002).

Studies on pollination in the Pantanal have mainly focused on particular plant 
species in open physiognomies and riparian forests (e.g. Sazima et al. 2001; Longo 
and Fischer 2006; Paulino-Neto 2007; Fava et al. 2011; Silva et al. 2013; Cunha 
et al. 2014; Fadini et al. 2018), likewise studies on seed dispersal, which are notably 
related to mammals or fishes (Teixeira et al. 2009; Costa-Pereira et al. 2011; Donatti 
et al. 2011; Wang et al. 2011; Munin et al. 2012; Correa et al. 2016; Correa and 

V. G. N. Gomes et al.



553

Fischer 2017; Fischer et al. 2018). Araujo and Sazima (2003) evaluated the year-
round flower availability for hummingbirds and the species pollinated by them in 
the capões of the Pantanal, i.e. natural semideciduous forest patches (0.5 to 5 ha) 
surrounded by seasonally floodable grasslands. Since the capões form a patchy-
forested landscape, the knowledge on phenology, pollination and dispersal modes in 
this physiognomy can offer a comparative basis and provide guidelines for under-
standing plant reproductive biology in fragmented forests.

In this chapter, we provide an overview on flowering and fruiting phenology, as 
well as on the pollination and seed dispersal syndromes of species occurring in 
capões. In addition, we describe patterns of occurrence of syndromes among 
microhabitats and the seasonal occurrence of syndromes throughout the year, thus 
also assessing resource availability for flower visitors and fruit eaters. Overall, this 
study reports how the pollination and seed dispersal syndromes of the plant com-
munity are arranged in time and in the vertical space in capões of the southern 
Pantanal.

14.2  �Methods

14.2.1  �Study Site

Fieldwork was carried out in 52 capões ranging from 0.2 to 3.8 ha (0.99 ± 0.75 ha) 
in the Miranda subregion, southern Pantanal (14° to 22° S and 53° to 66° W), yield-
ing a total sample area of about 51.6 ha. These forest patches are commonly circular 
or elliptical in shape and 1–3 m more elevated than the natural grasslands surround-
ing them (Fig. 14.1). They are important elements of the landscape by sheltering 
flood-intolerant plant species and terrestrial animals during the flood pulses. Their 
origin has been attributed to abiotic and biotic factors associated with local geomor-
phology and differential erosion. Floristically, the interior of capões is mainly com-
posed of species typical of semideciduous alluvial forests and their edges composed 
of plants characteristic of gallery forests and Chaco (Prance and Schaller 1982; 
Damasceno-Junior et al. 1999).

The climate in the southern Pantanal is tropical and markedly seasonal, with hot 
and wet summers and dry winters with cold fronts. The average annual rainfall 
ranges between 800 and 1400  mm, 80% being concentrated from November to 
March (Silva et al. 2000). During the period of data collection (1999–2000), the 
average annual rainfall and temperature were 1058 mm and 24.9 °C, respectively 
(data obtained from a local station, available in CEMTEC, the Monitoring Center 
for Weather, Climate and Water Resources of the State of Mato Grosso do Sul, 
Brazil).
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14.2.2  �Reproductive Phenology

Flowering and fruiting phenology were studied for all plant species in the 52 capões 
between May 1999 and May 2000. Each forest patch was entirely sampled for flow-
ering and fruiting individuals once during the study period, and we haphazardly 
selected three to five different patches each month (at least 1 km apart from each 
other). We recorded all reproductive individuals for habit and numbers of open 
flowers, unripe and ripe fruits. Data, including all plants’ life-forms (tree, shrub, 
herb, hemiparasite and climber), were noted in the field and confirmed in the litera-
ture (Pott and Pott 1994; Damasceno-Junior et al. 1999; Pott et al. 2011). The dura-
tion of flowering and fruiting periods was calculated for each syndrome, and the 
phenological patterns were classified as brief (1 month), intermediate (2–5 months) 
or extended (more than 5 months) (sensu Newstrom et al. 1994).

14.2.3  �Pollination and Seed Dispersal Syndromes

Plants were classified into pollination and seed dispersal syndromes according to 
their flower and fruit characteristics, respectively (sensu Faegri and van der Pijl 
1979; van der Pijl 1982). We collected flowers and fruits from different individual 
plants and preserved them in ethanol 70% for complementary morphological 

Fig. 14.1  Overview of a capão in the southern Pantanal, Mato Grosso do Sul state, Brazil
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measurements in the laboratory. For flowers, we recorded colour, presence of odour, 
period of anthesis and floral rewards. Flower types were classified as open, tube, 
gullet, flag, bell, brush or inconspicuous (Faegri and van der Pijl 1979). We occa-
sionally recorded flower visitors for 87 plant species and systematically recorded 
the visitors of 44 species, summing 131 species (53%) with records of floral visi-
tors. Focal observations lasted 1–15 h ( x  = 3.7 ± 3.35 h) for each plant species and 
summed 151 h 29 min (143 h 19 min during daylight and 8 h 10 min at night). Data 
on flower visitors and the literature helped to check for species pollination syn-
dromes, inferred based on floral biology and morphological attributes. Pollination 
syndrome classes were melittophily (bees), sphingophily (moths), cantharophily 
(beetles), myophily (flies), psychophily (butterflies), ornithophily (birds), chirop-
terophily (bats) and anemophily (wind) (sensu Faegri and van der Pijl 1979). Species 
whose flowers appeared to be pollinated by more than one group of insects were 
classified as generalist-entomophilous. Six species were classified as undetermined 
pollination syndromes, and they were not included in the analyses. Seed dispersal 
syndromes were classified based on the evaluation of morphological attributes of 
fruits or infructescences, as well as on the literature. We considered colour, size, 
weight, consistence (dry, fleshy), dehiscence, seed size and number. Fruit types fol-
lowed the classification of Spjut (1994). Seed dispersal syndromes were then clas-
sified as zoochory, either when diaspores presented tissues consumed by animals or 
adhesive structures as hooks or viscous substances to adhere to animals’ bodies 
(epizoochory); anemochory, when diaspores were winged or plumed; and auto-
chory, when diaspores primarily depend on the parent plant for dispersal through 
explosion or dropping by gravity (van der Pijl 1982).

14.3  �Results

We recorded 284 plant species belonging to 65 families in the 52 capões of the 
Miranda subregion. The richest family was Fabaceae (N = 51 species), followed by 
Malvaceae (N = 26), Asteraceae (N = 14), Rubiaceae (N = 14) and Euphorbiaceae 
(N = 12). The other families contributed with one to nine species (Table 14.1). We 
recorded 248 flowering species and 111 fruiting species in the capões. Based on 
pollination and seed dispersal syndromes, most plant species were associated with 
animal vectors (Table 14.1; Fig. 14.2).

Pollination syndromes ranked as follows: melittophilous (47.2%), generalist-
entomophilous (34.7%), myophilous (6.1%), psychophilous (3.1%), ornithophilous 
(2.4%), sphingophilous (1.4%), cantharophilous and chiropterophilous (both with 
1%). Anemophily was recorded for 3.1% of the species (Fig. 14.2a). Concerning 
seed dispersal syndromes, zoochory was predominant (63.7%), followed by anemo-
chory (19.1%) and autochory (17.2%) (Fig.  14.2b). Diaspores with tissues con-
sumed by animals prevailed among zoochoric species (95%; N  =  67), whereas 
epizoochory was recorded for only 5% of them (N = 4).
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Table 14.1  Pollination and seed dispersal syndromes (sensu Faegri and van der Pijl 1979 and van 
der Pijl 1982, respectively) of 248 flowering species and 111 fruiting species recorded in 52 capões 
of the southern Pantanal, Miranda subregion. Nomenclature follows REFLORA (http://
floradobrasil.jbrj.gov.br)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

Acanthaceae
 �� Ruellia erythropus (Nees) Lindau Shrub Melittophily –
 �� Ruellia geminiflora Kunth Herb Melittophily –
 �� Ruellia simplex Wright Herb Melittophily –
Alismataceae
 �� Echinodorus grandiflorus (Cham. & 

Schltr.) Micheli
Herb Melittophily –

 �� Echinodorus lanceolatus Rataj Herb Melittophily –
 �� Echinodorus macrophyllus (Kunth) 

Micheli
Herb Melittophily –

Amaranthaceae
 �� Pfaffia glomerata (Spreng.) Pedersen Herb Entomophily –
Amaryllidaceae
 �� Hippeastrum puniceum (Lam.) Kuntze Herb Ornithophily –
Anacardiaceae
 �� Astronium fraxinifolium Schott Tree Melittophily Anemochory
  Astronium urundeuva (M. Allemão) Engl. Tree – Anemochory
  ��Mangifera indica L. Tree Entomophily Zoochory
Annonaceae
 �� Annona cornifolia A.St.-Hil. Shrub Cantharophily Zoochory
 �� Annona emarginata (Schltdl.) 

H.Rainer
Tree Cantharophily Zoochory

 �� Unonopsis guatterioides (A.DC.) 
R.E.Fr.

Tree Melittophily Zoochory

Apiaceae
 �� Eryngium elegans Cham. & Schltdl. Herb Psychophily –
Apocynaceae
 �� Aspidosperma australe Müll. Arg. Tree Myophily Anemochory
 �� Forsteronia pubescens A. DC. Climber Melittophily –
 �� Funastrum clausum (Jacq.) Schltr. Climber – Anemochory
 �� Prestonia quinquangularis (Jacq.) 

Spreng.
Climber Melittophily –

 �� Prestonia coalita (Vell.) Woodson Climber Melittophily –
 �� Rauvolfia ligustrina Willd. Shrub Melittophily –
 �� Rhabdadenia madida (Vell.) Miers Climber Melittophily Anemochory
 �� Tabernaemontana siphilitica (L.f.) 

Leeuwenb.
Shrub Psychophily –

 �� Thevetia bicornuta Müll. Arg. Shrub Melittophily –
Arecaceae

(continued)
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Table 14.1  (continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

 �� Acrocomia aculeata (Jacq.) Lodd. ex 
Mart.

Tree – Zoochory

 �� Attalea phalerata Mart. ex Spreng. Tree Melittophily Zoochory
 �� Bactris glaucescens Drude Shrub Entomophily –
 �� Copernicia alba Morong ex Morong & 

Britton
Tree Entomophily Zoochory

 �� Desmoncus horridus subsp. prostratus 
(Lindman) Henderson

Tree  – Zoochory

 �� Praxelis diffusa (Rich.) Pruski Herb Entomophily –
Aristolochiaceae
 �� Aristolochia esperanzae Kuntze Climber Myophily Anemochory
Asteraceae
 �� Ageratum conyzoides L. Herb Entomophily –
 �� Aspilia latissima Malme Herb Entomophily –
 �� Baccharis glutinosa Pers. Shrub Entomophily –
 �� Bidens gardneri Baker Shrub Entomophily Epizoochory
 �� Centratherum punctatum Cass. Shrub Melittophily –
 �� Chromolaena maximilianii (Schrad. ex 

DC.) R.M.King & H. Rob.
Shrub Entomophily –

 �� Chromolaena odorata (L.) R.M. King 
& H. Rob.

Shrub Entomophily Anemochory

 �� Lessingianthus rubricaulis (Humb. & 
Bonpl.) H. Rob.

Shrub Entomophily –

 �� Mikania capricorni B.L. Rob. Climber Entomophily Anemochory
 �� Mikania micrantha Kunth Climber Entomophily –
 �� Mikania sp.1 Climber Entomophily –
 �� Orthopappus angustifolius (Sw.) 

Gleason
Herb Entomophily –

 �� Sphagneticola brachycarpa (Baker) 
Pruski

Herb Entomophily –

 �� Stilpnopappus pantanalensis H. Rob. Herb Entomophily –
 �� Vernonia sp.1 Shrub Entomophily Anemochory
Bignoniaceae
 �� Amphilophium crucigerum (L.) 

L.G. Lohmann
Climber Melittophily –

 �� Bignoniaceae sp.1 Climber Melittophily  –
 �� Cuspidaria lateriflora (Mart.) DC. Climber – Anemochory
 �� Dolichandra uncata (Andrews) 

L.G. Lohmann
Climber Melittophily  –

 �� Fridericia pubescens (L.) 
L.G. Lohmann

Climber Melittophily Anemochory

 �� Handroanthus heptaphyllus (Vell.) 
Mattos

Tree – Anemochory

(continued)
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Table 14.1  (continued)

(continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

 �� Tabebuia aurea (Silva Manso) Benth. 
& Hook.f. ex S. Moore

Tree Melittophily Anemochory

 �� Tanaecium neobrasiliense 
L.G. Lohmann

Climber Melittophily  –

 �� Tanaecium pyramidatum (Rich.) 
L.G. Lohmann

Climber Melittophily Anemochory

Boraginaceae
 �� Cordia glabrata (Mart.) A. DC. Tree Melittophily Anemochory
 �� Euploca filiformis (Lehm.) J.I.M.Melo 

& Semir
Shrub Melittophily –

 �� Heliotropium indicum L. Shrub Melittophily –
 �� Varronia curassavica Jacq. Shrub Melittophily –
Bromeliaceae
 �� Bromelia balansae Mez Herb Ornithophily –
Cannabaceae
 �� Celtis iguanaea (Jacq.) Sarg. Shrub – Zoochory
 �� Trema micrantha (L.) Blume Tree Anemophily Zoochory
Celastraceae
 �� Hippocratea volubilis L. Climber Entomophily Anemochory
 �� Salacia elliptica (Mart. ex Schult.) 

G. Don
Tree Entomophily Zoochory

Chrysobalanaceae
 �� Couepia uiti (Mart. & Zucc.) Benth. ex 

Hook.f.
Tree Melittophily Zoochory

 �� Leptobalanus parvifolius (Huber) 
Sothers & Prance

Shrub Melittophily –

Combretaceae
 �� Combretum lanceolatum Pohl ex 

Eichler
Shrub  – Anemochory

 �� Combretum laxum Jacq. Shrub Entomophily Anemochory
 �� Combretum leprosum Mart. Tree Melittophily –
Commelinaceae
 �� Murdannia nudiflora (L.) Brenan Herb Melittophily –
Convolvulaceae
 �� Aniseia martinicensis (Jacq.) Choisy Climber Melittophily –
 �� Camonea umbellata (L.) A.R.Simões 

& Staples.
Climber Melittophily Autochory

 �� Ipomoea rubens Choisy Climber Melittophily –
 �� Ipomoea subtomentosa (Chodat & 

Hassl.) O’Donell
Climber Melittophily –

 �� Ipomoea sp. Climber – Autochory
 �� Jacquemontia densiflora (Meisn.) 

Hallier f.
Climber Melittophily –

V. G. N. Gomes et al.
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Table 14.1  (continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

Cucurbitaceae
 �� Cayaponia podantha Cogn. Climber – Zoochory
 �� Momordica charantia L. Climber Melittophily –
Dilleniaceae
 �� Doliocarpus dentatus (Aubl.) Standl. Shrub – Zoochory
Ebenaceae
 �� Diospyros sp.1 Tree – Zoochory
Erythroxylaceae
 �� Erythroxylum anguifugum Mart. Shrub Melittophily Zoochory
Euphorbiaceae
 �� Acalypha communis Müll. Arg. Shrub Anemophily –
 �� Alchornea discolor Poepp. Shrub Melittophily –
 �� Astraea lobata (L.) Klotzsch Herb Entomophily –
 �� Croton corumbensis S. Moore Shrub Entomophily Zoochory
 �� Croton glandulosus L. Shrub Melittophily –
 �� Croton montevidensis Spreng. Shrub Melittophily –
 �� Croton sarcopetaloides S. Moore Shrub Entomophily –
 �� Croton urucurana Baill. Shrub Entomophily –
 �� Manihot carthagenensis (Jacq.) Müll.

Arg.
Shrub Melittophily –

 �� Microstachys hispida (Mart. & Zucc.) 
Govaerts

Shrub Myophily –

 �� Sapium haematospermum Müll. Arg. Tree Entomophily Zoochory
 �� Sebastiania sp.1 Shrub Myophily –
Fabaceae
 �� Anadenanthera colubrina (Vell.) 

Brenan
Shrub Melittophily –

 �� Ancistrotropis peduncularis (Kunth) 
A. Delgado

Climber Melittophily –

 �� Andira inermis (W.Wright) DC. Tree – Zoochory
 �� Bauhinia mollis (Bong.) Dietr. Shrub Sphingophily Autochory
 �� Bauhinia pentandra (Bong.) D. Dietr. Shrub – Autochory
 �� Calopogonium caeruleum (Benth.) 

C.Wright
Climber – Autochory

 �� Camptosema ellipticum (Desv.) Burk. Shrub Ornithophily Autochory
 �� Canavalia mattogrossensis (Barb. 

Rodr.) Malme
Climber Melittophily –

 �� Canavalia piperi Killip & J.F. Macbr. Climber Melittophily –
 �� Canavalia rosea (Sw.) DC. Climber Melittophily –
 �� Canavalia sp.1 Climber – Autochory
 �� Centrosema brasilianum (L.) Benth. Climber Melittophily Autochory
 �� Centrosema vexillatum Benth. Climber Melittophily –

(continued)
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Table 14.1  (continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

 �� Chaetocalyx brasiliensis (Vogel) 
Benth.

Climber Melittophily Epizoochory

 �� Chamaecrista nictitans (L.) Moench Shrub Melittophily –
 �� Crotalaria incana L. Shrub Melittophily –
 �� Crotalaria micans Link Shrub Melittophily –
 �� Crotalaria stipularia Desv. Shrub Melittophily –
 �� Ctenodon histrix (Poir.) D.B.O.S. 

Cardoso, P.L.R. Morales
Shrub Entomophily Epizoochory

 �� Desmodium barbatum (L.) Benth. Shrub Entomophily –
 �� Desmodium cuneatum Hook. & Arn. Shrub Melittophily –
 �� Desmodium incanum (Sw.) DC. Shrub Melittophily –
 �� Desmodium tortuosum (Sw.) DC. Shrub Melittophily –
 �� Dioclea burkartii R. H. Maxwell Climber – Autochory
 �� Dioclea glabra Benth. Climber – Autochory
 �� Discolobium pulchellum Benth. Shrub Melittophily –
 �� Enterolobium contortisiliquum (Vell.) 

Morong
Tree Melittophily Zoochory

 �� Eriosema platycarpon Micheli Shrub Entomophily –
 �� Indigofera lespedezioides Kunth Climber Melittophily Autochory
 �� Indigofera suffruticosa Mill. Shrub – Autochory
 �� Indigofera sabulicola Benth. Herb Melittophily –
 �� Inga vera Willd. Tree – Zoochory
 �� Inga vera subsp. affinis (DC.) 

T.D.Penn.
Tree Entomophily –

 �� Lachesiodendronviridiflorum (Kunth) 
P.G. Ribeiro, L.P. Queiroz & Luckow

Tree – Autochory

 �� Machaerium amplum Benth. Shrub Melittophily –
 �� Macroptilium lathyroides (L.) Urb. Climber Melittophily –
 �� Mimosa debilis Humb. & Bonpl. ex 

Willd.
Shrub Entomophily –

 �� Mimosa pellita Humb. & Bonpl. ex 
Willd.

Shrub Entomophily –

 �� Mimosa polycarpa Kunth Shrub Entomophily –
 �� Mimosa pudica L. Shrub – Autochory
 �� Mimosa sp.1 Shrub – Autochory
 �� Senegalia tenuifolia (L.) Britton & 

Rose
Tree Melittophily Autochory

 �� Senna aculeata (Pohl ex Benth.) 
H.S.Irwin & Barneby

Shrub Melittophily –

 �� Senna occidentalis (L.) Link Shrub Melittophily –
 �� Senna pilifera (Vogel) H.S.Irwin & 

Barneby
Shrub Melittophily –

(continued)
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Table 14.1  (continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

 �� Senna splendida (Vogel) H.S.Irwin & 
Barneby

Shrub Melittophily –

 �� Sesbania virgata (Cav.) Pers. Shrub Melittophily Autochory
 �� Stylosanthes acuminata M.B.Ferreira 

& Sousa Costa
Shrub Melittophily –

 �� Vigna longifolia (Benth.) Verdc. Climber Melittophily –
 �� Zornia crinita (Mohlenbr.) Vanni Shrub Entomophily –
Gentianaceae
 Coutoubea ramosa Aubl. Shrub Entomophily –
Iridaceae
 �� Cipura paludosa Aubl. Herb Melittophily –
Lamiaceae
 �� Aegiphila vitelliniflora Walp. Shrub Psychophily Zoochory
 �� Hyptis campestris Harley & 

J.F.B. Pastore
Herb Melittophily –

 �� Hyptis sp.1 Herb Melittophily –
 �� Hyptis sp.2 Herb Melittophily –
 �� Mesosphaerum suaveolens (L.) Kuntze Shrub Melittophily –
 �� Vitex cymosa Bertero ex Spreng. Tree Melittophily Zoochory
Lauraceae
 �� Ocotea diospyrifolia (Meisn.) Mez Tree Melittophily Zoochory
Loranthaceae
 �� Psittacanthus acinarius (Mart.) Mart. Hemiparasite Chiropterophily Zoochory
 �� Psittacanthus cordatus (Hoffmanns.) 

G. Don
Hemiparasite Ornithophily Zoochory

Lythraceae
 �� Adenaria floribunda Kunth Shrub Melittophily Zoochory
 �� Cuphea antisyphilitica Kunth Shrub Melittophily –
 �� Cuphea melvilla Lindl. Shrub Ornithophily –
Malpighiaceae
 �� Amorimia pubiflora (A.Juss.) 

W.R. Anderson
Climber Melittophily –

 �� Byrsonima cydoniifolia A. Juss. Shrub Melittophily Zoochory
 �� Heteropterys hypericifolia A. Juss. Climber Melittophily Anemochory
 �� Mascagnia sepium (A. Juss.) Griseb. Climber Melittophily –
Malvaceae
 �� Abutilon sp. 1 Herb Entomophily –
 �� Abutilon sp. 2 Herb Entomophily –
 �� Byttneria rhamnifolia Benth. Tree Myophily –
 �� Corchorus hirtus L. Shrub Melittophily –
 �� Corchorus argutus Kunth Shrub Melittophily –
 �� Guazuma ulmifolia Lam. Tree Entomophily Zoochory

(continued)
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Table 14.1  (continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

 �� Helicteres guazumifolia Kunth Shrub Ornithophily Autochory
 �� Helicteres lhotzkyana (Schott & Endl.) 

K.Schum.
Shrub Chiropterophily Autochory

 �� Herissantia nemoralis (A.St.-Hil.) 
Brizicky

Herb Entomophily –

 �� Malvaceae sp.1 Herb Entomophily –
 �� Malvaceae sp.2 Shrub Entomophily –
 �� Malvastrum americanum (L.) Torr. Shrub Entomophily –
 �� Melochia parvifolia Kunth Shrub Entomophily –
 �� Melochia pyramidata L. Herb Entomophily –
 �� Melochia simplex A.St.-Hil. Shrub Entomophily –
 �� Melochia villosa (Mill.) Fawc. & 

Rendle
Shrub Entomophily –

 �� Pavonia sidifolia Kunth Shrub Entomophily –
 �� Pseudabutilon aristulosum 

(K. Schum.) Krapov.
Shrub Entomophily –

 �� Sterculia apetala (Jacq.) H. Karst. Tree Entomophily Zoochory
 �� Sida cerradoensis Krapov. Shrub Entomophily –
 �� Sida linifolia Cav. Shrub Entomophily –
 �� Sida rhombifolia L. Herb Entomophily –
 �� Sida santaremensis Mont. Shrub Entomophily –
 �� Waltheria indica L. Shrub Melittophily –
 �� Wissadula amplissima (L.) R.E.Fr. Shrub  – Autochory
 �� Wissadula hernandioides (L.Hér.) 

Garcke
Shrub Entomophily –

Meliaceae
 �� Trichilia elegans A. Juss. Tree Melittophily –
Menispermaceae
 �� Cissampelos pareira L. Climber Myophily Zoochory
 �� Cissampelos sp.1 Climber Myophily –
 �� Hyperbaena hassleri Diels Climber Myophily –
 �� Odontocarya tamoides (DC.) Miers Climber Myophily Zoochory
Moraceae
 �� Ficus insipida Willd. Tree – Zoochory
 �� Ficus luschnathiana (Miq.) Miq. Tree Melittophily –
 �� Ficus obtusifolia Kunth Tree – Zoochory
 �� Ficus pertusa L.F. Tree – Zoochory
Molluginaceae
 �� Mollugo verticillata L. Herb Entomophily –
Myrtaceae
 �� Eugenia egensis DC. Shrub Melittophily Zoochory
 �� Eugenia florida DC. Tree Melittophily –

(continued)
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Table 14.1  (continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

 �� Eugenia sp.1 Shrub – Zoochory
 �� Eugenia sp.2 Shrub – Zoochory
 �� Myrtaceae sp.1 Shrub Melittophily –
 �� Psidium guajava L. Shrub Melittophily Zoochory
 �� Psidium guineense Sw. Shrub Melittophily Zoochory
 �� Psidium nutans O. Berg Shrub Melittophily –
Nyctaginaceae
 �� Neea hermaphrodita S. Moore Shrub Entomophily Zoochory
Ochnaceae
 �� Ouratea purpuripes S. Moore Tree Melittophily –
 �� Sauvagesia erecta L. Herb Melittophily –
Onagraceae
 �� Ludwigia grandiflora (Michx.) Greuter 

& Burdet
Herb Melittophily –

 �� Ludwigia irwinii Ramamoorthy Shrub Melittophily –
 �� Ludwigia octovalvis (Jacq.) P.H. Raven Shrub Melittophily –
 �� Ludwigia sp.1 Herb Melittophily –
Orobanchaceae
 �� Buchnera longifolia Kunth Shrub Melittophily –
Passifloraceae
 �� Passiflora foetida L. Climber Melittophily Zoochory
 �� Passiflora pohlii Mast. Climber Melittophily Zoochory
Phyllanthaceae
 �� Phyllanthus orbiculatus Rich. Shrub Entomophily –
Piperaceae
 �� Piper aduncum L. Shrub Myophily Zoochory
 �� Piper tuberculatum Jacq. Tree Myophily –
Plantaginaceae
 �� Angelonia salicariifolia Bonpl. Shrub Melittophily –
 �� Bacopa scabra (Benth.) Descole & 

Borsini
Herb Melittophily –

 �� Scoparia montevidensis (Spreng.) 
R.E.Fr.

Herb Melittophily –

Poaceae
 �� Axonopus leptostachyus (Flüggé) 

Hitchc.
Herb Anemophily –

 �� Panicum sp.1 Herb Anemophily –
 �� Setaria vulpiseta (Lam.) Roem. & 

Schult.
Herb Anemophily –

 �� Sorghastrum setosum (Griseb.) Hitchc. Herb Anemophily –
 �� Trachypogon spicatus (L.f.) Kuntze Herb Anemophily Epizoochory
Polygalaceae

(continued)
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Table 14.1  (continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

 �� Asemeia violacea (Aubl.) J.F.B.Pastore 
& J.R.Abbott

Herb Melittophily –

 �� Polygala timoutoides Chodat Herb Melittophily –
Polygonaceae
 �� Coccoloba cujabensis Wedd. Shrub – Zoochory
 �� Coccoloba parimensis Benth. Shrub Entomophily Zoochory
Portulacaceae
 �� Portulaca fluvialis D. Legrand Herb Melittophily –
Rhamnaceae
 �� Gouania lupuloides (L.) Urb. Climber Myophily Anemochory
 �� Rhamnidium elaeocarpum Reissek Tree Myophily Zoochory
Rubiaceae
 �� Borreria quadrifaria E.L.Cabral Herb Entomophily –
 �� Borreria verticillata (L.) G.Mey. Herb Entomophily –
 �� Borreria sp.1 Herb Entomophily –
 �� Cordiera sessilis (Vell.) Kuntze Shrub – Zoochory
 �� Genipa americana L. Tree Entomophily Zoochory
 �� Guettarda sp. Shrub – Zoochory
 �� Psychotria carthagenensis Jacq. Shrub Entomophily Zoochory
 �� Randia armata (Sw.) DC. Shrub – Zoochory
 �� Richardia grandiflora (Cham. & 

Schltdl.) Steud.
Shrub Entomophily –

 �� Sabicea aspera Aubl. Climber Melittophily –
 �� Spermacoce eryngioides (Cham. & 

Schltdl.) Kuntze
Shrub Entomophily –

 �� Spermacoce exilis (L.O.Williams) 
C.D. Adams

Herb Entomophily –

 �� Staelia thymoides Cham. & Schltdl. Shrub Entomophily –
 �� Tocoyena formosa (Cham. & Schltdl.) 

K. Schum.
Shrub Sphingophily Zoochory

Rutaceae
 �� Zanthoxylum rigidum Humb. & Bonpl. 

ex Willd.
Tree Entomophily Zoochory

Salicaceae Zoochory
 �� Casearia aculeata Jacq. Shrub Entomophily Zoochory
 �� Casearia sylvestris Sw. Tree – Zoochory
 �� Xylosma venosa N.E.Br. Shrub Entomophily Zoochory
Sapindaceae
 �� Cardiospermum grandiflorum Sw. Climber Entomophily Anemochory
 �� Cardiospermum halicacabum L. Climber – Anemochory
 �� Dilodendron bipinnatum Radlk. Tree Entomophily –
 �� Melicoccus lepidopetalus Radlk. Tree Entomophily Zoochory

(continued)
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Table 14.1  (continued)

Family Species Life-form
Pollination 
syndrome

Seed dispersal 
syndrome

 �� Paullinia elegans Cambess Climber Entomophily Zoochory
 �� Paullinia pinnata L. Climber Entomophily Zoochory
 �� Sapindus saponaria L. Tree Entomophily Zoochory
 �� Serjania caracasana (Jacq.) Willd. Climber Entomophily Anemochory
 �� Serjania erecta Radlk. Shrub Entomophily Anemochory
Smilacaceae
 �� Smilax campestris Griseb. Climber Myophily –
 �� Smilax sp.1 Climber Myophily –
Solanaceae
 �� Cestrum obovatum Sendtn. Shrub Sphingophily Zoochory
 �� Cestrum strigilatum Ruiz & Pav. Shrub Sphingophily –
 �� Nicotiana plumbaginifolia Viv. Herb Entomophily –
 �� Solanum aculeatissimum Jacq. Shrub Melittophily –
 �� Solanum americanum Mill. Shrub – Zoochory
 �� Solanum viarum Dunal Shrub Melittophily –
 �� Solanum sp.1 Herb Melittophily –
Talinaceae
 �� Talinum fruticosum (L.) Juss. Herb Melittophily –
Turneraceae
 �� Turnera melochioides Cambess. Shrub Melittophily –
Urticaceae
 �� Cecropia pachystachya Trécul Tree Myophily Zoochory
Verbenaceae
 �� Lantana camara L. Shrub Psychophily –
 �� Lantana canescens Kunth Shrub Psychophily –
 �� Lantana trifolia L. Shrub Psychophily –
 �� Lippia alba (Mill.) N.E.Br. ex 

P. Wilson
Shrub Psychophily –

 �� Stachytarpheta cayennensis (Rich.) 
Vahl

Shrub Psychophily –

Violaceae
 �� Pombalia communis (A.St.-Hil.) 

Paula-Souza
Shrub Melittophily –

Vitaceae
 �� Cissus erosa Rich. Climber Entomophily Zoochory
 �� Cissus spinosa Cambess. Climber Entomophily Zoochory
 �� Cissus verticillata (L.) Nicolson & 

Jarvis
Climber Entomophily Zoochory

Vochysiaceae
 �� Vochysia divergens Pohl Shrub Melittophily –

14  Temporal Patterns of Pollination and Seed Dispersal in Capões…



566

We recorded predominance of white and yellow-coloured flowers. Among differ-
ent floral types reported, open or tube flowers were related to different pollination 
syndromes, whereas gullet flowers predominated among melittophilous species. On 
the other hand, inconspicuous flowers were mainly anemophilous, whereas flag and 
brush flowers were related to pollination by bees, bats or hummingbirds (Fig. 14.3). 
Fleshy fruits were found in 64% of the fruiting species, and 36% presented dry 
fruits. Berries were the most abundant fruit type, followed by legumes, drupes, cap-
sules and samaras (Fig. 14.3).

The pollination syndromes had representatives among all different life-forms. 
Melittophily, generalist-entomophily and ornithophily occurred in the greatest vari-
ety of life-forms, whereas sphingophily exclusively occurred in shrub species 
(Fig. 14.4a). Myophilous and anemophilous species were predominantly climbers 
and herbs, respectively (Fig. 14.4a). Regarding seed dispersal syndromes, zoochoric 
species showed the greater variety of life-forms, with a predominance of trees and 
shrubs. Autochory predominated among shrub species and anemochory among 
herbs (Fig. 14.4b).

Flower and fruit sources peaked during the rainy season (December to March), 
although they were available for pollinators and seed dispersers throughout the year. 
The richness of blooming species in each pollination syndrome varied monthly dur-
ing the study, and it peaked during the rainy season (Fig.  14.5). All pollination 
syndromes were represented in March, and at least four of them were represented in 
the other months. Melittophily and generalist-entomophily were the syndromes 
with more species blooming each month (Fig. 14.5).

Duration of flowering seasons was intermediate or brief for most species. 
Generalist-entomophilous, psychophilous, ornithophilous and cantarophilous 

Fig. 14.2  Number of species within pollination (a) and seed dispersal (b) syndromes recorded in 
52 capões in the southern Pantanal, Miranda subregion. Melp, melittophily; Entp, entomophily; 
Myop, myophily; Anep, anemophily; Psyp, psychophily; Ornp, ornithophily; Sphp, sphingophily; 
Canp, cantharophily; Chip, chiropterophily; Zooc, zoochory; Anec, anemochory; Autc, autochory

V. G. N. Gomes et al.



567

species frequently presented flowering seasons of intermediate duration; anemophi-
lous species showed mainly brief flowering periods; whereas flowering seasons of 
myophilous, chiropterophilous, sphingophilous and melittophilous species were 
brief or intermediate. Extended flowering seasons occurred for melittophilous, 
generalist-entomophilous, myophilous and ornithophilous species. Ornithophilous 
species were those with longer flowering seasons.

The density of flowering individuals was also greater in the rainy season, between 
November and March, for most pollination syndromes (Fig.  14.6). Generalist-
entomophilous species presented the highest density of individuals peaking in 
February. Sphingophilous species presented two flowering peaks, one in the dry 
season (August) and another one in the rainy season (January) (Fig.  14.6). 
Melittophilous species presented greater density of flowering individuals in 
February, and anemophilous species peaked in October, both in the rainy season. On 
the other hand, the highest density of chiropterophilous flowers was recorded in 
April, during the dry period (Fig. 14.6).

Fig. 14.3  Flowers and fruits of species recorded in capões of the southern Pantanal, Miranda 
subregion. (a) Psittacanthus cordatus (Loranthaceae)  – ornithophily; (b) Tocoyena formosa 
(Rubiaceae) – sphingophily; (c) Inga vera subsp. affinis (Fabaceae) – generalist-entomophily; (d) 
Dolichandra uncata (Bignoniaceae) – melittophily; (e) Annona cornifolia (Annonaceae) – can-
tharophily; (f) Attalea phalerata (Arecaceae)  – melittophily; (g) Cecropia pachystachya 
(Urticaceae) – myophily; (h) Merremia umbellata (Convolvulaceae) – autochory; (i) Combretum 
lanceolatum (Combretaceae)  – anemochory; (j) Paullinia pinnata (Sapindaceae)  – zoochory. 
Credits for images: (h) Camila Silveira Souza; (i and j) Paulo Robson de Souza
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Fig. 14.4  Pollination (a) and seed dispersal (b) syndromes recorded for different life-forms in 
capões of the southern Pantanal, Miranda subregion. Melp, melittophily; Entp, entomophily; 
Myop, myophily; Anep, anemophily; Psyp, psychophily; Ornp, ornithophily; Sphp, sphingophily; 
Canp, cantharophily; Chip, chiropterophily; Zooc, zoochory; Anec, anemochory; Autc, autochory

Fig. 14.5  Number of flowering species bearing different pollination syndromes throughout the 
year in 52 capões of the southern Pantanal, Miranda subregion. Melp, melittophily; Entp, ento-
mophily; Myop, myophily; Anep, anemophily; Psyp, psychophily; Ornp, ornithophily; Sphp, 
sphingophily; Canp, cantharophily; Chip, chiropterophily

V. G. N. Gomes et al.
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Fruiting of the different syndromes in the capões varied throughout the year with 
different patterns. Most zoochoric species fruited during the rainy season, between 
November and January, whereas the highest diversity of autochoric and anemo-
choric species occurred in the dry season, in July–August and August–September, 
respectively (Fig. 14.7a). The duration of fruiting periods for most of the species 
was intermediate. Zoochoric species presented periods of intermediate and extended 
fruiting duration, whereas autochoric and anemochoric species showed mainly brief 
fruiting seasons.

The highest density of fruiting individuals was recorded among zoochoric spe-
cies, followed by anemochoric and autochoric. Zoochoric fruits were available 
throughout the year with a peak in January, in the rainy season (Fig.  14.7b). 
Anemochoric fruits peaked from September to November, corresponding to the 

Fig. 14.7  Number of fruiting species and density of fruiting individuals in each seed dispersal 
syndrome throughout the year in 52 capões of the southern Pantanal, Miranda subregion

V. G. N. Gomes et al.
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transition from the dry to the wet season (Fig. 14.7b). Autochoric species presented 
greater density of fruiting individuals between June and October, corresponding to 
the dry period, with few fruiting individuals in the rainy season (Fig. 14.7b).

14.4  �Discussion

Our results show that animals, rather than wind or gravity, greatly mediate pollina-
tion and seed dispersal throughout the year in capões of the southern Pantanal, as 
expected for Neotropical forests in general (Griz and Machado 2001; Machado and 
Lopes 2004; Ramírez 2004; Quirino and Machado 2014; Carvalho and Sartori 
2014; Souza et al. 2016; Rech et al. 2016). The high resource availability for polli-
nators and seed dispersers in the capões throughout the year highlights the impor-
tance of these forested patches in providing resources to local fauna. A total of 97% 
of the species are zoophilous, 93% are pollinated by invertebrates and 4% by verte-
brates, whereas the abiotic syndrome was recorded for only 3% of the species. 
Likewise, 60.4% of the fruiting species offer resources for fruit-eating animals, 
while 39.6% are epizoochoric or depend on abiotic agents for seed dispersal. The 
predominance of plant species that rely upon animals for pollen and diaspore dis-
persion, and the dependence of these animals on floral and fruit sources, makes 
tropical forests the setting for complex interactions that influence species distribu-
tions and the structure and diversity of local communities (Jordano et  al. 2006; 
Fleming and Kress 2013; Rech et al. 2016). In the capões of the Pantanal, though 
most plant species are associated with mutualist animals, their pollination and seed 
dispersal systems appear to be rather generalists, a situation likely related with the 
severe and markedly seasonal floods and droughts.

Melittophily and generalist-entomophily were the most frequent pollination syn-
dromes in the capões (81% of species). This result is similar to those recorded in 
other tropical environments, including humid and dry forests (Silberbauer-
Gottsberger and Gottsberger 1988; Oliveira and Gibbs 2000; Machado and Lopes 
2004; Quirino and Machado 2014; Souza et  al. 2016). Most melittophilous and 
generalist-entomophilous flowers were the open type and offered nectar and pollen 
as reward to flower visitors, what indicates a high predominance of generalist pol-
lination systems because resources from such flowers are easily accessible by dif-
ferent visitors varying in time and space (Ollerton et al. 2007). Furthermore, several 
melittophilous and generalist-entomophilous species are also important sources of 
nectar for hummingbirds inhabiting the capões of the Pantanal (Araujo and 
Sazima 2003).

The proportions of ornithophilous and chiropterophilous species in the capões 
(2.4% and 1%, respectively) were similar to those reported in sites in the Cerrado 
(Silberbauer-Gottsberger and Gottsberger 1988; Oliveira and Gibbs 2000) and 
lower than those in the Brazilian Caatinga (Machado and Lopes 2004; Quirino and 
Machado 2014). The marked seasonality with a severe dry season and the patchy 
distribution of capões in a vast matrix of open grasslands are both factors likely to 
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contribute to a low richness and abundance of hummingbirds and hummingbird-
pollinated flowers (Araujo and Sazima 2003).

Chiropterophily is still rarer than ornithophily in the capões of the southern 
Pantanal, and it does not occur among tree species (but just for one shrub and one 
hemiparasite), contrasting with other Neotropical forests where bat-pollinated trees 
are relatively common (Atlantic Forest, Sazima et al. 1999; Caatinga, Machado and 
Lopes 2004; Quirino and Machado 2014; Nhecolândia subregion of the Pantanal, 
Munin et al. 2012). When compared with the Caatinga’s community, these values 
are contrasting, since Machado and Lopes (2004) and Quirino and Machado (2014) 
reported a high proportion of chiropterophilous species, corresponding to 13.1% 
and 11%, respectively. In the Caatinga, there is an elevated diversity of trees and 
columnar cacti that are bat-pollinated (Queiroz 2014). Additionally, the low propor-
tion of pollination by bats compared with the other pollination syndromes in the 
capões seems to be related with the low representativity of specialized nectarivorous 
bats in the Pantanal (Fischer et al. 2018). Moreover, the same features that limit the 
richness of hummingbirds may be associated with the low diversity of nectarivorous 
bats, as both are long-lived vertebrates.

The percentage (3%) of anemophily in the capões was close to that reported for 
tropical humid forests and the semiarid Caatinga. Approximately 2.5% of the flora 
of tropical forests and 3–4% of the Caatinga flora have been reported to be wind-
pollinated (Bawa et al. 1985; Kress and Beach 1994; Machado and Lopes 2004; 
Quirino and Machado 2014). In the Cerrado, however, anemophily can reach 14% 
of species in the local flora, mainly represented by grasses (Silberbauer-Gottsberger 
and Gottsberger 1988; but see Oliveira and Gibbs 2000).

Melittophilous, generalist-entomophilous, myophilous and ornithophilous flow-
ers occurred in all vertical strata of the vegetation, anemophilous species occurred 
mostly in the herbaceous stratum, and cantharophilous, psychophilous and sphin-
gophilous species occurred only in the lowest stratum (herbaceous and shrubby) of 
the capões (Fig. 14.4a). The stratification of the pollination syndromes recorded in 
the capões was similar to those found in other studied communities and should be 
related to the vertical distribution of the anthophilous fauna (Machado and Lopes 
2004; Quirino and Machado 2014; Souza et al. 2016).

Zoochory has been reported as the predominant seed dispersal syndrome in trop-
ical regions, where it may reach more than 80% of the local species in humid for-
ests, with a decreasing frequency towards less humid or dry environments (Gentry 
1983; Carvalho and Sartori 2014). Seed dispersal by animals is a determinant step 
for plant reproductive success, since it increases the probability of colonization of 
new areas and reduces the density of dispersed seeds, thus decreasing predation on 
seeds and intraspecific competition among seedlings in the vicinity of the mother 
plants (Jordano 2017). Therefore, zoochory seems to be especially important for 
plants inhabiting small forest patches such as the capões of the Pantanal.

We observed that zoochory was predominant among tree and shrub species, as 
reported by Griz and Machado (2001) in the Brazilian Caatinga and by Freitas et al. 
(2013) and Carvalho and Sartori (2014) in the Brazilian Chaco. On the other hand, 
for the herbaceous species prevailed anemochory followed by autochory syndromes. 
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Stratification of the vegetation may affect the distribution of resources to dispersers 
(Morellato and Leitão-Filho 1992). Generally, zoochory is well represented along 
the vertical strata among trees, shrubs and climbers, and their seed dispersers can 
move both horizontally and vertically, thus increasing the efficiency of seed disper-
sal (Fenner 1985; Jordano 2000). Therefore, the different proportions of fleshy 
fruits produced by plants with different life-forms (and therefore occupying differ-
ent strata) in the capões (Fig. 14.4b) can reduce the overlap of niches among ani-
mals that depend on these resources.

Most species and individuals flowered in the rainy season in the capões, similarly 
to those recorded in other tropical environments, especially in communities with a 
pronounced dry season (Machado and Lopes 2004; Quirino and Machado 2014; 
Souza et al. 2016; see also the chapter on “Synthesis of the Present Knowledge on 
Plant Phenology of the Pantanal” Chap. 13). Zoochorous species showed a fruiting 
peak during the rainy season, whereas anemochoric species peaked in the transition 
between the dry and the rainy periods, and autochoric species in the dry period. 
These results follow a general pattern among tropical forests (Machado et al. 1997; 
Griz and Machado 2001; Freitas et al. 2013; Carvalho and Sartori 2014).

Our study highlights that animal-mediated pollination and seed dispersal are 
common and crucial for the dynamics of the capões in the southern Pantanal. The 
disruption of pollination and seed dispersal interactions, together with their benefits, 
directly results in the impairment of the reproductive success of the partnership and 
reduction of the likelihood of individuals remaining in the habitat (Bascompte and 
Jordano 2014). The loss of ecological interactions may occur before species disap-
pearance, affecting species functionality and ecosystems services at a faster rate 
than species extinctions (Valiente-Banuet et al. 2015). Therefore, conserving polli-
nation and seed dispersal, including the animals that provide these services to plants, 
should become a priority in forest conservation efforts globally (Neuschulz 
et al. 2016).

As the capões of the Pantanal are small and sparse forest patches in an open 
landscape, local plant population genetic structures depend upon the ability of pol-
linators or seed dispersers to move between them. The presence of scattered shrubs 
and trees in the grassland matrix likely provides additional resources for flower visi-
tors and seed dispersers (Silveira et al. 2018), thus stimulating movements of animal 
vectors among different capões. Therefore, detailed field studies addressing mecha-
nisms of pollen and seed dispersal by different animal groups (invertebrates and 
vertebrates) are necessary for a better understanding of how their foraging activities 
across the landscape may affect gene flow among these forested patches in the 
southern Pantanal. These natural forest patches and their plant and animal assem-
blages were established throughout long-term ecological processes of successful 
colonization and establishment, rather than by contemporaneous disturbances 
caused by forest fragmentation and land modifications for human use. In this sense, 
further studies on pollination and seed dispersal dynamics in the capões of the 
Pantanal, and on the composition of the surrounding open matrix, can raise impor-
tant issues on the species assembly and sustainability in situations of forest loss and 
fragmentation.

14  Temporal Patterns of Pollination and Seed Dispersal in Capões…

https://doi.org/10.1007/978-3-030-83375-6_13


574

Acknowledgements  We thank A. Brun (in memoriam), P.A.A. Cara and L. Ramos for field assis-
tance; G. Damasceno-Júnior and U. Rezende for plant identification; and the staff of the Base de 
Estudos do Pantanal (UFMS) for logistical support. Funds were provided by Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior (CAPES) fellowship grant to VGNG; Fundação de 
Apoio ao Desenvolvimento do Ensino, Ciência e Tecnologia de MS (FUNDECT), Conselho 
Nacional de Desenvolvimento Científico e Tecnológico (CNPq) for financial support through the 
project “Padrões de diversidade da fauna e flora no Pantanal Sul Matogrossense” (521746/97); 
CNPq also provided research productivity fellowships to ACA (310999/2018-9), EF 
(484808/2013-3) and MS (302781/2016-1).

References

Almeida-Neto M, Campassi F, Galetti M, Jordano P, Oliveira-Filho A (2008) Vertebrate dispersal 
syndromes along the Atlantic forest: broad-scale patterns and macroecological correlates. Glob 
Ecol Biogeogr 17:503–513

Aoki C, Sigrist MR (2006) Inventário dos visitantes florais no Complexo Aporé-Sucuriú. In: 
Pagoto TCS, Souza PR (eds) Biodiversidade do Complexo Aporé-Sucuriú. Subsídios à con-
servação e ao manejo do Cerrado. Editora da Universidade Federal de Mato Grosso do Sul, 
Campo Grande, pp 143–162

Araujo AC, Sazima M (2003) The assemblage of flowers visited by hummingbirds in the “capões” 
of Southern Pantanal, Mato Grosso do Sul, Brazil. Flora 198:427–435

Bascompte J, Jordano P (2014) Mutualistic networks. Monographs in population biology. 
Princeton University Press, Princeton, p 208

Bawa KS (1990) Plant-pollinator interactions in tropical rain forest. Annu Rev Ecol Evol Syst 
21:399–422

Bawa KS, Bullock SH, Perry DR, Coville RE, Grayum MH (1985) Reproductive biology of tropi-
cal lowland rain forest trees. II. Pollination systems. Am J Bot 72:346–356

Borges HBN (2000) Biologia reprodutiva e conservação do estrato lenhoso numa comunidade do 
cerrado, Ph.D. thesis, Universidade de Campinas, Campinas

Carvalho FS, Sartori AL (2014) Reproductive phenology and seed dispersal syndromes of woody 
species in the Brazilian Chaco. J Veg Sci 26:302–311

Corrêa CE, Fischer E (2017) Bizarre Cecropia pachystachya (Urticaceae) hemiepiphytic growth 
on palms in the “Pantanal” wetland. Braz J Bot 40:215–223

Correa SB, Arujo JK, Penha J, Nunes da Cunha C, Bobier KE, Anderson JT (2016) Stability and 
generalization in seed dispersal networks: a case study of frugivorous fish in Neotropical wet-
lands. Proc R Soc B 283:20161267

Costa-Pereira R, Severo-Neto F, Yule TS, Pereira APT (2011) Fruit-eating fishes of Banara arguta 
(Salicaceae) in the Miranda River floodplain, Pantanal wetland. Biota Neotrop 11:373–376

Cunha NL, Fischer E, Lorenz-Lemke AP, Barrett SCH (2014) Floral variation and environmen-
tal heterogeneity in a tristylous clonal aquatic of the Pantanal wetlands of Brazil. Ann Bot 
114:1637–1649

Dafni A, O’Toole C (1994) Pollination syndromes in the Mediterranean: generalizations and pecu-
liarities. In: Arianoutsou M, Groves RH (eds) Plant–animal interactions in Mediterranean-type 
ecosystems. Kluwer, Dordrecht, pp 125–135

Damasceno-Junior GA, Bezerra MAO, Bortolotto IM, Pott A (1999) Aspectos florísticos e fitofi-
sionômicos dos capões do Pantanal do Abobral. In: Anais do II Simpósio sobre recursos nat-
urais e sócio econômicos do Pantanal – Manejo e Conservação. CPAP Embrapa and UFMS, 
Corumbá, pp 203–214

Donatti CI, Guimarães PR, Galetti M, Pizo MA, Marquitti FMD, Dirzo R (2011) Analysis of 
a hyperdiverse seed dispersal network: modularity and underlying mechanisms. Ecol Lett 
14:773–781

V. G. N. Gomes et al.



575

Fadini RF, Fischer E, Castro SJ, Araujo AC, Ornelas JF, Souza PR (2018) Bat and bee polli-
nation in Psittacanthus mistletoes, a genus regarded as exclusively hummingbird-pollinated. 
Ecology 99:1–3

Faegri K, van der Pijl L (1979) The principles of pollination ecology. Pergamon Press, 
New York, p 244

Fava WS, Covre WS, Sigrist MR (2011) Attalea phalerata and Bactris glaucescens (Arecaceae, 
Arecoideae): phenology and pollination ecology in the Pantanal, Brazil. Flora 206:575–584

Fenner M (1985) Seed ecology. Chapman and Hall, London, p 151
Fischer E, Araujo AC, Gonçalves F (2014) Polinização por vertebrados. In: Rech AR, Agostini 

K, Oliveira PE, Machado IC (eds) Biologia da polinização. Editora Projeto Cultural, Rio de 
Janeiro, pp 311–326

Fischer E, Silveira M, Munin RL, Camargo G, Santos CF, Ramos Pereira MJ, Fischer W, Eriksson 
A (2018) Bats in the dry and wet Pantanal. Hystrix It J Mamm 29:11–17

Fleming TH, Kress WJ (2013) The ornaments of life: coevolution and conservation in the tropics. 
University of Chicago Press, Chicago, p 616

Freitas TG, Souza CS, Aoki C, Arakaki LMM, Stefanello TH, Sartori ALB, Sigrist MR (2013) 
Flora of Brazilian humid Chaco: composition and reproductive phenology. Checklist 9:973–979

Gentry A (1983) Dispersal ecology and diversity in neotropical forest communities. Sonderb 
Naturwiss Vereins Hamburg 7:303–314

Griz L, Machado I (2001) Fruiting phenology and seed dispersal syndromes in Caatinga, a tropical 
dry forest in the northeast of Brazil. J Trop Ecol 17:303–321

Hansen DM, Muller CB (2009) Reproductive ecology of the endangered enigmatic Mauritian 
endemic Roussea simplex (Rousseaceae). Int J Plant Sci 170:42–52

Howe H, Smallwood J (1982) Ecology of seed dispersal. Annu Rev Ecol Evol Syst 13:201–228
Jara-Guerrero A, De la Cruz M, Mendez M (2011) Seed dispersal spectrum of woody species in 

south Ecuadorian dry forests: environmental correlates and the effect of considering species 
abundance. Biotropica 43:722–730

Jordano P (2000) Fruits and frugivory. In: Fenner M (ed) Seeds: the ecology of regeneration in 
plant communities. CABI Publishing, Wallingford, pp 125–166

Jordano P (2010) Coevolution in multispecific interactions among free-living species. Evol Ed 
Outreach 3:40–46

Jordano P, Galetti M, Pizo MA, Silva WR (2006) Ligando frugivoria e dispersão de semen-
tes à Biologia da Conservação. In: Rocha CFD, Bergallo HG, Alves MS (eds) Biologia da 
Conservação: Essências. Editora RIMA, São Carlos, pp 411–436

Jordano P (2017) What is long-distance dispersal? And a taxonomy of dispersal events. J Ecol 
105:75–84

Koptur S, Haber WA, Frankie GW, Baker HG (1988) Phenological studies of shrub and treelet 
species in tropical cloud forest of Costa Rica. J Trop Ecol 4:323–346

Kress WJ, Beach JH (1994) Flowering plant reproductive system. In: McDade LA, Bawa KS, 
Hespenheide HA, Hartshorn GS (eds) La selva, ecology and natural history of a Neotropical 
rain forest. University of Chicago Press, Chicago, pp 161–182

Longo JM, Fischer E (2006) Efeito da taxa de secreção de néctar sobre a polinização e a produção 
desementes em flores de Passiflora speciosa Gardn. (Passifloraceae) no Pantanal. Rev Brasil 
Bot 29:481–488

Lopes LA, Blochtein B, Ott AP (2007) Diversidade de insetos antófilos em áreas de reflores-
tamento de eucalipto, Município de Triunfo, Rio Grande do Sul, Brasil. Iheringia Ser Zool 
97:181–193

Machado IC, Lopes AV (2004) Floral traits and pollination systems in the Caatinga, a Brazilian 
tropical dry Forest. Ann Bot 94:365–376

Machado I, Barros L, Sampaio E (1997) Phenology of caatinga species at Serra Talhada, PE, north-
eastern Brazil. Biotropica 29:57–68

14  Temporal Patterns of Pollination and Seed Dispersal in Capões…



576

Morellato LPC, Leitão-Filho HF (1992) Padrões de frutificação e dispersão na Serra do Japi. In: 
Morellato LPC (ed) História Natural da Serra do Japi: ecologia e preservação de uma área 
florestal no sudeste do Brasil. Editora da Unicamp, Campinas, pp 112–140

Morellato LPC, Alberton B, Alvarado ST, Borges B, Buisson B, Camargo MGG, Cancian LF, 
Carstensen DW, Escobar DFE, Leite PTP, Mendoza I, Rocha NMWB, Soares NC, Silva TSF, 
Staggemeier VG, Streher AS, Vargas BC, Peres CA (2016) Linking plant phenology to conser-
vation biology. Biol Conserv 195:60–72

Muchhala N, Jarrin VP (2002) Flower visitation by bats in cloud forests of Western Ecuador. 
Biotropica 34:387–395

Munin RL, Fischer E, Gonçalves F (2012) Food habits and dietary overlap in a phyllostomid bat 
assemblage in the Pantanal of Brazil. Acta Chiropterol 14:195–204

Neuschulz EL, Muller T, Schleuning M, Bohning-Gaese K (2016) Pollination and seed dispersal 
are the most threatened processes of plant regeneration. Sci Rep 6:29839

Newstrom LE, Frankie GW, Baker HG, Cowell RK (1994) Diversity of long-term flowering pat-
terns. In: McDade LA, Bawa KS, Hespenheide HA, Hartshorn GS (eds) La Selva, ecology and 
natural history of a Neotropical rain forest. Chicago University Press, Chicago, pp 142–160

Oliveira PE, Gibbs PE (2000) Reproductive biology of woody plants in a cerrado community of 
Central Brazil. Flora 195:311–329

Ollerton J, Killick A, Lamborn E, Watts S, Whiston M (2007) Multiple meaning and modes: on the 
many ways to be a generalist flower. Taxon 56:717–728

Ollerton J, Alarcón R, Waser NM, Price MV, Watts S, Cranmer L, Hingston A, Peter CI, Rotenberry 
J (2009) A global test of the pollination syndrome hypothesis. Ann Bot 103:1471–1480

Parra-Tabla V, Bullock SH (2002) La polinización en la selva tropical de Chamela. In: Nogueira 
FA, Vega Rivera JHA, Garcia Aldrete N, Quesada Avendaño M (eds) História Natural de 
Chamela. UNAM – Instítuto de Biologia, México, pp 499–515

Paulino-Neto HF (2007) Pollination and breeding system of Couepia uiti (Mart. and Zucc.) Benth 
(Chrysobalanaceae) in the Pantanal da Nhecolândia. Braz J Biol 67:715–719

Pott A, Pott VJ (1994) Plantas do Pantanal. Embrapa, Brasília, p 320
Pott A, Oliveira AKM, Damasceno GA Jr, Silva JSV (2011) Plant diversity of the Pantanal wet-

land. Braz J Biol 71:265–273
Prance GT, Schaller GB (1982) Preliminary study of some vegetation types of the Pantanal. Mato 

Grosso, Brazil. Brittonia 34:228–251
Queiroz JA (2014) Flores de antese noturna e seus polinizadores em área de Caatinga: redes e 

sistemas mistos de polinização. Ph.D. Universidade Federal de Pernambuco, Recife
Quirino ZGM, Machado IC (2014) Pollination syndromes in a Caatinga plant community in north-

eastern Brazil: seasonal availability of floral resources in different plant growth habits. Braz J 
Biol 74:62–71

Ramírez N (2004) Pollination specialization and time of pollination on a tropical Venezuelan plain: 
variations in time and space. Bot J Linn Soc 145:1–16

Rathcke B, Lacey EP (1985) Phenological patterns of terrestrial plants. Annu Rev Ecol Evol Syst 
16:179–214

Rech AR, Dalsgaard B, Sandel B, Sonne J, Svenning J, Holmes N, Ollerton J (2016) The macro-
ecology of animal versus wind pollination: ecological factors are more important than histori-
cal climate stability. Plant Ecol Divers 9:253–262

Sazima M, Buzato S, Sazima I (1999) Bat-pollinated flower assemblages and bat visitors at two 
Atlantic forest sites in Brazil. Ann Bot 83:705–712

Sazima M, Vogel S, Prado AL, Oliveira DM, Franz G, Sazima I (2001) The sweet jelly of 
Combretum lanceolatum flowers (Combretaceae): a cornucopia resource for bird pollinators in 
the Pantanal, western Brazil. Plant Syst Evol 227:195–208

Silberbauer-Gottsberger I, Gottsberger G (1988) A polinização de plantas do Cerrado. Rev Bras 
Biol 48:651–663

Silva MP, Mauro R, Mourão G, Coutinho M (2000) Distribuição e quantificação de classes de 
vegetação do Pantanal através de levantamento aéreo. Braz J Bot 23:143–152

V. G. N. Gomes et al.



577

Silva LAC, Pagliarini MS, Santos AS, Valle CB (2013) Stigma receptivity, mode of reproduction, 
and mating system in Mesosetum chaseae Luces (Poaceae), a native grass of the Brazilian 
Pantanal. Genet Mol Res 12:5038–5045

Silveira M, Tomas WM, Fischer E, Bordignon MO (2018) Habitat occupancy by Artibeus planiros-
tris bats in the Pantanal wetland, Brazil. Mammal Biol 91:1–6

Souza CS, Aoki C, Alcantara DMC, Laroca S, Sazima M, Pott A, Sigrist MR (2016) Diurnal 
anthophilous fauna in Brazilian Chaco vegetation: phenology and interaction with flora. Braz 
J Bot 4:1–11

Souza CS, Maruyama PK, Aoki C, Sigrist MR, Raizer J, Gross CL, Araujo AC (2018) Temporal 
variation in plant–pollinator networks from seasonal tropical environments: higher specializa-
tion when resources are scarce. J Ecol 106:2409–2420

Spjut RW (1994) A systematic treatment of fruit types. Mem N Y Bot Gard 70:70–93
Tabarelli M, Peres CA (2002) Abiotic and vertebrate seed dispersal in Brazilian Atlantic Forest: 

implications for forest regeneration. Biol Conserv 106:165–176
Teixeira RC, Corrêa CE, Fischer E (2009) Frugivory by Artibeus jamaicensis (Phyllostomidae) 

bats in the Pantanal, Brazil. Stud Neotrop Fauna Environ 44:7–15
Valiente-Banuet A, Aizen MA, Alcantara JM, Arroyo J, Cocucci A, Galetti M, Garcia MB, Garcia 

D, Gomez JM, Jordano P, Medel R, Navarro L, Obeso JR, Oviedo R, Ramirez N, Rey PJ, 
Traveset A, Verdú M, Zamora R (2015) Beyond species loss: the extinction of ecological inter-
actions in a changing world. Funct Ecol 29:299–307

van der Pijl L (1982) Principles of dispersal in higher plants. Springer, Berlin, p 218
Wang E, Donatti CI, Ferreira VL, Raizer J, Himmelstein J (2011) Food habits and notes on the 

biology of Chelonoidis carbonaria (Spix 1824) (Testudinidae, Chelonia) in the southern 
Pantanal, Brazil. South Am J Herpetol 6:11–19

Waser NM, Chittka L, Price MV, Williams NM, Ollerton J (1996) Generalization in pollination 
systems, and why it matters. Ecology 77:1043–1060

14  Temporal Patterns of Pollination and Seed Dispersal in Capões…


	Chapter 14: Temporal Patterns of Pollination and Seed Dispersal in Capões of the Southern Pantanal
	14.1 Introduction
	14.2 Methods
	14.2.1 Study Site
	14.2.2 Reproductive Phenology
	14.2.3 Pollination and Seed Dispersal Syndromes

	14.3 Results
	14.4 Discussion
	References


