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1 Summary 
The highly diverse Atlantic forest ranges from the northeastern tip of Brazil more 

than 3500 km to the Brazilian-Paraguayan-Argentinean border, covering originally 

15% of the country’s territory. 500 years after the beginning of the European 

colonisation, only 7.6%, and in Northeast Brazil, less than 5% of the original forest 

extension escaped in small forest patches from deforestation for, e.g., sugar cane 

fields, pasture land, or human settlements. Key reproductive processes of tree species 

like pollination or seed dispersal in those fragments are often negatively affected by 

the loss of its pollinators and dispersers.  

Prolonged deforestation in Northeast Brazil suggests that tree species which 

today are frequent should be well-adapted to the adverse conditions resulting from 

deforestation. However, the uncertain age of many forest fragments and lack of 

studies on reproductive biology of these frequent tree species let plenty of doubt on 

their invulnerability. 

The present study aims to analyse the functionality of floral biology and 

phenology of five frequent insect-pollinated tree species as well as diversity and 

main behavioural patterns of its floral visitors, in order to detect potential bottlenecks 

that may limit successful pollination and fruit set. The study was conducted in a 319 

ha forest fragment on the property of a private sugar cane company of Northeast 

Brazil. 

Tapirira guianensis, Anacardiaceae 

Tapirira guianensis is a frequent canopy tree species in Neotropical lowland 

rainforests occurring in wide parts of Central and South America. In the study area, 

its sex expression was clearly dioecious, with no gender switch detected. In the dry 

season, flower buds were formed and entered into dormancy. Its length was 

unpredictable and lasted up to 106 days in some individuals. 10.7 days after 

triggering by rain fall events, male and female individuals entered synchronously 

into a short explosive flowering peak, lasting up to three days in male and up to 

seven days in female individuals. Both in single individuals and in the surveyed 

population, multiple flowering events per flowering period were registered. The 
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flowers were organized in loose axillary panicles, grouped together in clearly 

distinguishable inflorescence clusters at the end of the branches. Male clusters were 

much more conspicuous due to their 24.3-fold excess in terms of flower number 

compared to female clusters, and due to their more exposed position at the branches. 

In single male Tapirira guianensis flowers, functionality was observed up to 40 

hours after opening, in single female flowers up to 6 days. The flowers were small 

(diameter: 4.2 mm in male, 4.6 mm in female flowers), disc-shaped, greenish-white 

and permitted easy, practically unobstructed access to the floral resources. In female 

flowers, pollination occurred when insects searched for nectar or pollen. The 

stigmatic surface of female flowers was 0.28 mm2.  

Tapira guianensis had a pollen-ovule ratio typical for obligate outcrossing 

species of 9,341:1 when assuming a 1:1 ratio between male and female flowers, or of 

227,920:1 when considering the observed male excess.  

Beside pollen in male flowers, main floral resource was nectar in both flower 

sexes. In bagged flowers at the time of first insect visits at 05:50 h, the nominal 

volume and concentration of the openly presented nectar was 2.27 µl and 23.1% 

(w/w), respectively. It attained up to 72.7% and very low volumina due to water 

evaporation in the course of the day. Per flowering event, a median nectar 

production of 1.96 l per female and 5.09 l per male tree individual was estimated. The 

nectar sugars were composed of 1% sucrose, 52% fructose and 48% glucose. 

Therefore, the nectar was hexose-dominated which is known to difficult evaporation 

compared to sucrose-dominated nectars. Four amino acids were detected at a total 

concentration of 1248 ng·µl-1, being proline the highest concentrated at 899 ng·µl-1.  

The floral scent of Tapirira guianensis was emitted during daylight, had a dull, 

heavy, not very sweet but still pleasant note and was largely composed of common 

isoprenoids. 21 scent compounds were detected, 19 in that of male and 11 in that of 

female flowers, with α-pinene, (E)-ocimene, and β-caryophyllene being the highest 

concentrated with approx. 15% each. The relative amount of β-caryophyllene 

decreased in the course of the day. 5 ng scent emission per flower and hour were 

estimated.  

Bagged female flowers formed no fruits, indicating the need for pollen vectors 

and male individuals for fruit set. 
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Tapirira guianensis had a taxonomically broad generalist floral visitor spectrum 

consisting of 107 insect species including mainly Hymenoptera (wasps and bees), 

Coleoptera, and Diptera. Approx. 33%, and 31% of the captured individuals 

belonged to Coleoptera and medium-sized bees, respectively. 12 insect species (11.2% 

of 107) occurred on flowers of both tree sexes and are therefore likely to play a 

greater role in its pollination. Among them, three bee species (Plebeia flavocincta, 

Tetragonisca angustula, and Apis mellifera) and two coccinellid beetle species occurred 

in greater abundances. Extrapolated total visitor richness was estimated to amount 

some 254 species. The median visitor body length was 4.2 mm. 

Ocotea glomerata, Lauraceae 

Ocotea glomerata is a widely distributed Neotropical lowland rainforest canopy tree 

species occurring from the Guianas to eastern Peru and the Atlantic forest of 

Northeast Brazil, but not in central Amazonia. In the study area, its sex expression 

was clearly dioecious, with no gender switch detected. Inflorescences and flower 

buds were formed in male individuals with the onset of the rainy season and began 

to flower without dormancy. In female individuals, this process occurred also during 

the rainy season, but either before or after its peak. During the peak of the rainy 

season in July, both tree sexes showed low flowering activity. Flowering occurred as 

an constant, broad-peaked process over weeks without isolated short-term flowering 

events. The flowers were organized in loose axillary thyrses, grouped together in 

clearly distinguishable inflorescence clusters at the end of the branches. Male clusters 

were slightly more conspicuous due to their 3.7-fold excess in terms of flower 

number compared to female clusters. 

Flower buds of both sexes needed about 20 hours from tepal separation to 

become functional. Functionality lasted few more than one day in both sexes. The 

flowers were small (diameter: 4.2 mm in male, 3.0 mm in female flowers), bowl-

shaped, and pale yellow. Direct access to the nectaries is slightly obstructed by the 

anthers (gap width 0.46 mm in male and 0.33 mm in female flowers). In female 

flowers, pollination occurred when small insects landed on the central stigma. The 

stigmatic surface of female flowers was 0.20 mm2.  
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Ocotea glomerata had a pollen-ovule ratio typical for obligate outcrossing 

species of 7,898:1 when assuming a 1:1 ratio between male and female flowers, or of 

29,223:1 when considering the observed male excess.  

Beside the only occasionally exploited pollen in male flowers, main floral 

resource was nectar in both flower sexes. The nominal volume and concentration of 

the few, relatively open presented nectar was 0.84 µl and 49.1% (w/w) after one day 

of accumulation, respectively. Per flowering period, a median nectar production of 

0.034 l per male tree individual was estimated. The nectar sugars were composed 

exclusively of sucrose, which is known to facilitate evaporation compared to hexose- 

dominated nectars. This is thought to prefer floral visitors like flies that can dissolve 

high concentrated sugars with their salivary excretions. Eight amino acids were 

detected at a total concentration of 1,883 ng·µl-1, being proline the highest 

concentrated at 1,176 ng·µl-1.  

The floral scent of Ocotea glomerata was weak, reminiscent of musty lemon 

grass and best perceptible between 16:00 and 18:00 h. It was largely composed of 

common isoprenoids. 16 scent compounds were detected, 11 in that of male and 15 in 

that of female flowers. (E)-ocimene, limonene, and (Z)-ocimene were the highest 

concentrated compounds. The relative amount of limonene increased in the course of 

the day and was highest at 17:00 h, coinciding with the strongest attraction of small 

Diptera to the flowers. 7.9 ng scent emission per flower and hour were estimated.  

Bagged female flowers formed no fruits, indicating the need for pollen vectors 

and male individuals for fruit set. 

Ocotea glomerata had a broad generalist floral visitor spectrum consisting of 

153 insect species, dominated taxonomically by 82 Diptera species, beside 

Hymenoptera (wasps and bees), Coleoptera, and Heteroptera. 82.6% of the captured 

individuals belonged to Diptera. 30 insect species (19.6% of 153) occurred on flowers 

of both tree sexes and are therefore likely to play a greater role in its pollination. 

Within these species, Diptera had again the highest richness and abundance values, 

amongst others a fly of the Tephritidae family, of which limonene was described as 

sexual pheromone. Ocotea glomerata is suggested to be fly-pollinated. Extrapolated 

total visitor richness was estimated to amount some 346 species. The median visitor 

body length was 2.2 mm. 
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Trichilia lepidota, Meliaceae 

Trichilia lepidota occurs as a canopy tree in three subspecies in the Guianas and the 

Atlantic forest. In the study area, its sex expression was clearly dioecious, with no 

gender switch detected. Inflorescences and flower buds were formed in the 

individuals of both sexes at the beginning of the dry season and began to flower 

without bud dormancy. Flowering occurred as a constant process with a clear peak 

over weeks without isolated short-term flowering events. The flowers were 

organized in loose axillary thyrses, grouped together in clearly distinguishable 

inflorescence clusters at the end of the branches. Male clusters were slightly more 

conspicuous due to their 3.8-fold excess in terms of flower number compared to 

female clusters. 

Flower functionality of Trichilia lepidota lasted 14 hours in male and 24 hours 

in female flowers, but was not significantly different. The flowers were small 

(diameter: 2.7 mm in male, 2.6 mm in female flowers), bell-shaped, and yellowish-

white. In male flowers, the nectary is completely covered by a nectar chamber 

formed by the laminar, tapering stamens. From 05:00 to 08:00 h, access is given only 

through small spaces between the anthers of 0.12 mm width, in which the pollen 

grains are released. After 08:00 h the anthers erect and provide less obstructed nectar 

access. In female flowers, pollination occurred when floral visitors inserted their 

mouthparts between the staminodes and the stigma to consume nectar. The stigmatic 

surface of female flowers was 0.69 mm2. At the petal inside, surface-enhancing 

structures were detected which are assumed to play a role in scent enhancement. 

Trichilia lepidota had a pollen-ovule ratio typical for facultative outcrossing 

species of 1,203:1 when assuming a 1:1 ratio between male and female flowers, or of 

4,571:1 when considering the observed male excess.  

Main floral resource was nectar in both flower sexes. The nominal volume and 

concentration of the nectar was 0.29 µl and 21.5% (w/w), respectively, in newly 

opened flowers before the first insect visits at 05:00 h. Per flowering period, a median 

nectar production of 0.094 l per male tree individual was estimated. The nectar sugar 

composition was balanced with 29% sucrose, 36% fructose and 35% glucose. Five 

amino acids were detected at a total concentration of 437 ng·µl-1, being proline the 

highest concentrated at 299 ng·µl-1. 
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The floral scent of Trichilia lepidota was emitted during daylight by the petals 

and was strong, sweet, and pleasant. It was largely composed of common 

isoprenoids, and few benzenoids. 37 compounds were detected in the scent of male 

flowers. (E)-ocimene (64% relative amount) dominated the blend, limonene and (Z)-

ocimene were further important compounds. Among the analysed species, it had the 

highest scent emission of 580 ng per flower and hour.  

Bagged female flowers formed no fruits, indicating the need for pollen vectors 

and male individuals for fruit set. 

Trichilia lepidota had a broad generalist floral visitor spectrum, however, 

between 05:00 and 08:00 h, flowers were almost exclusively visited by butterflies and 

diurnally active moths. Only after stamen erection, the nectar was accessed by more 

generalist insects with less acuminate mouthparts. This was interpreted as a 

mechanism which gives higher pollen loads first to insects with a larger flight range. 

On female trees, visits of Lepidoptera and generalists occurred more evenly. The 

visitor spectrum consisted of 91 insect species, consisting mainly of Lepidoptera, 

Diptera and Hymenoptera (wasps and bees). Most frequent visitor and pollinator 

was the butterfly Mechanitis lysimnia (Ithomiinae), which interacted 10.7 s with a 

single flower. 7 insect species (7.7% of 91) occurred on flowers of both tree sexes and 

are therefore likely to play a greater role in its pollination, among them again 

Mechanitis lysimnia. Extrapolated visitor richness was estimated to amount some 207 

species. The median visitor body length was 4.5 mm. 

Sclerolobium densiflorum, Ceasalpiniodeae (Fabaceae) 

Sclerolobium densiflorum is restricted to Northeast Brazil, but may become there an 

important and frequent canopy tree species. In the study area, its sex expression was 

hermaphrodite. Inflorescences and flower buds were formed at the end of the rainy 

season, and began to flower without dormancy. The flowers were organized in 

axillary and terminal double and triple spikes at the end of the branches. Flowering 

occurred as a constant process with a clear peak over few weeks without isolated 

short-term flowering events. Flowering of individuals occurred overlapping but 

slightly staggered.  
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Flowers of Sclerolobium densiflorum presented their pollen secondarily in hairs 

at the stamen and petal base and opened their corollary sepals from 07:30 h on. They 

were slightly protandrous as pollen was already presented before the style erected 

completely and became functional. Closing of sepals began mainly at sunset and 

lasted until the next morning, however, not protecting the erect stamens and the 

style. The flowers were small (diameter: 5.6 mm), bowl-shaped, and pastel yellow. 

The stigmatic surface of the flowers was 0.013 mm2. 

Sclerolobium densiflorum had a pollen-ovule ratio of 19,151:1, typical for 

obligate outcrossing species. 

Main floral resource was pollen, and no nectar was detected. Due to the 

hidden pollen presentation, the legitimate visitors (pollen-collecting bees) were 

forced to fulfil intensive, repeated contacts with the stigma when combing the pollen 

grains out of the stamen and petal hairs.  

The floral scent of Sclerolobium densiflorum was sweet, bloomy to fruity, 

slightly musky and of medium strength.  

Bagged flowers formed no fruits spontaneously. Artificially self-pollinated 

flowers had 5% fruit set, but these fruits did not reach maturity. Therefore, the tree 

species was classified as self-incompatible. 

Sclerolobium densiflorum had a broad generalist diurnal and a narrow nocturnal 

floral visitor spectrum. Main activity of medium-sized and larger bees began 

between 07:30 and  08:00 h and lasted until 15:00 h. 10 to 30 minutes after sunset, the 

beetle species Anomala sp. (Rutelinae, Scarabeidae) approached and began to gnaw 

until 22:30 h on exposed fertile organs of closing, pollinated flowers. These attacks 

destroyed 100% of the flowers and fruit set in 2003 and 15% in 2004. The visitor 

spectrum consisted of 76 insect species, mainly Hymenoptera (medium and large-

sized bees), Coleoptera, and Diptera. Among them, Plebeia flavocincta, Trigona 

fuscipens, Trigona spinipes and Apis mellifera were captured abundantly. Extrapolated 

visitor richness was estimated to amount some 151 species. The median visitor body 

length was 4.5 mm. 
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Eschweilera ovata, Lecythidaceae 

Eschweilera ovata is disjunctly distributed in eastern Amazonia and in the Atlantic 

forest southward to the state of Espirito Santo. In Northeast Brazil it belongs to the 

most abundant tree species. Its sex expression was hermaphrodite. Inflorescences 

and flower buds were formed in the dry season and began to flower without 

dormancy. The flowers were organized in small racemes in all parts of the tree, 

inclusive relatively near to the stem. Flowering occurred as a constant process over 

weeks without isolated short-term flowering events with a noticeable peak and few 

overlap between the earliest and latest flowering individuals.  

Flowers of Eschweilera ovata opened their petals between 09:00 and 10:00 h. At 

the same time, stigma and androecium became functional, and nectar was offered. 

The flowers were large (diameter: 37.4 mm), zygomorphic, and had a coiled 

androecial hood in which the nectar was formed. The petal colour varied from white 

to pastel yellow, whereas the central androecial hood was always yellow. Petals and 

androecium including the hood were shed as unit from the afternoon of the opening 

day on. The stigmatic surface of the flowers was 0.19 mm2. 

Eschweilera ovata had a pollen-ovule ratio of 37,675:1, typical for obligate 

outcrossing species. 

Main floral resource was nectar beside pollen. The volume and concentration 

of the nectar in newly opened flowers before the first insect visits at 09:00 h was 8.21 

µl and 36.4% (w/w), respectively. Per flowering period, a median nectar production 

of 0.011 l per tree individual was estimated. The nectar sugar composition was 

sucrose dominated with 95% sucrose, 2.4% fructose and 2.6% glucose. Eight amino 

acids were detected at a total concentration of 2,010 ng·µl-1, being proline and 

arginine the highest concentrated at 993 and 717 ng·µl-1, respectively.  

The floral scent of Eschweilera ovata, emitted from the petals, was sweet, almost 

slightly pungent, and of medium strength. Four substances were detected in the 

scent blend, with 1,8-cineole (eucalyptol) being the most abundant compound. Three 

of the substances were sesquiterpenoids. 

Bagged flowers formed no fruits spontaneously. Artificially self-pollinated 

flowers had 85% fruit set. Therefore, Eschweilera ovata was classified as self-

compatible, but needs the presence of legitimate floral visitors to form fruits. 
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Eschweilera ovata had a narrow, specialized diurnal floral visitor spectrum. 

Main activity of medium-sized to very large bee species began after petal opening 

from 09:00 h on and lasted until sunset. Among the observed bees, only Xylocopa 

frontalis was strong enough to open the androecial hood properly and to access the 

hidden nectar with their tongues, thereby having intensive contact with the stigma 

with their pollen-loaded backs. Smaller bees like Trigona spp. collected occasionally 

pollen. The visitor spectrum consisted of 8 insect species of which four were bees. 

80% of the captured individuals were bees, and 60% belonged to Xylocopa frontalis. 

This bee species interacted 6.0 s with a single flower. Experimental exclusion of floral 

visitors >9 mm body width for 18 days from inflorescences diminished the natural 

fruit set significantly from 11.1 (control) to 2.0%. Xylocopa frontalis was the only 

observed floral visitor of Eschweilera ovata in this large size class, which suggests that 

this bee species is the only efficient pollinator of this tree species in the study area. 

This is a contrast to other regions where more pollinators were registered for 

Eschweilera ovata. Extrapolated floral visitor richness was estimated to amount 21 

species. The median visitor body length was 28 mm. 

 

For all five tree species, 342 floral visitor species were registered. 199 visitor 

species (58.2% of 342) were singletons, i.e., occurred only on one tree species in one 

sampled individual. No insect species was shared by all five tree species as floral 

visitor, but five visitors by the dioecious tree species. 697 floral visitor species were 

estimated to occur as floral visitors on all five tree species as a whole. Flowering of 

the small-flowered, more generalist tree species occurred staggered, whereas 

Eschweilera ovata (large-flowered) flowered in the same period as Tapirira guianensis.  

 

Conclusions 

The present study gives evidence that all five tree species essentially need insects as 

floral visitors for successful fruit set. Therefore, insecticide use in the adjacent 

agricultural areas, if not carried out carefully, is likely to affect negatively pollination 

and fruit set of these tree species. Reliance in only one pollinator in Eschweilera ovata 

might bear a higher risk of fruit set failure in the case of a hypothetical decline of the 
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remaining pollinator, compared to those regions where it has more pollinators. In 

Sclerolobium densiflorum, fruit set is negatively affected by florivory. 

The description of floral scent of Trichilia lepidota is the first on floral scent 

composition for the Meliaceae family, as well as for scent composition of living 

flowers in Anacardiaceae given by the scent description for Tapirira guianensis. 

Further, the present study evidences short-term rainfall triggering of flowering for 

the first time for a native plant species from Brazil. 

For Ocotea glomerata, fly pollination (myiophily) is suggested as pollination 

syndrome, characterized by minute, highly concentrated nectar amounts and 

supposedly by additional fly attraction by sexual pheromones described for one of 

the visiting fly families.  

Staggered flowering in the more generalist, small-flowered species was 

interpreted as concurrence avoidance for pollinators. 

The extremely short male flowering events in Tapirira guianensis with large 

male excess, in contrast to the low male excess in Trichilia lepidota and Ocotea 

glomerata where males and females flower much longer is a conspicuous result. It 

suggests that the different length and intensity of flowering periods demands 

different efforts for pollinator guidance (unique visitor movements from male to 

female trees in Tapirira guianensis vs. repeated, oscillating visits between male and 

female trees in Trichilia lepidota and Ocotea glomerata). Therefore, length and intensity 

of flowering should be included in current models on extinction probability of 

dimorphic, zoophilous dioecious plants for a more consistent estimation of the 

extinction probability in those species*. 

 

 

 

 

*Vamosi and Otto (2002) suggest a lower extinction probability for dimorphic, 

zoophilous dioecious plants when they have a lower degree of dimorphism, as 

female plants are less often discriminated by visitors than in cases of a high male 

excess, without including the length and intensity of flowering events. 

.
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2 Zusammenfassung 
Der äußerst artenreiche Atlantische Regenwald erstreckt sich von der Nordostspitze 

Brasiliens über 3500 km bis in die Grenzregion zwischen Brasilien, Argentinien und 

Paraguay und bedeckte ursprünglich 15% der Fläche Brasiliens. 500 Jahre nach dem 

Beginn der europäischen Kolonialisierung blieben insgesamt nur 7,6% und in 

Nordostbrasilien weniger als 5% der Waldfläche in kleinen Fragmenten von der 

Abholzung für Zuckerrohrplantagen, Weideflächen oder Siedlungen verschont. In 

derartigen Waldfragmenten sind Schlüsselprozesse der Fortpflanzung von 

Baumarten, wie Bestäubung oder Samenausbreitung, häufig gestört, weil ihre 

Bestäuber oder Ausbreiter verloren gingen. 

Die bereits lang währende Abholzung in Nordostbrasilien legt nahe, dass die 

heute dort häufigen Baumarten bestens an die aus der Abholzung resultierenden 

widrigen Lebensbedingungen angepasst sein sollten. Das unklare tatsächliche Alter 

vieler Waldfragmente und das Fehlen reproduktionsbiologischer Studien dieser 

Baumarten stellen diese These jedoch in Frage. 

Ziel der vorliegenden Arbeit ist, Blütenbiologie, Blühphänologie sowie die 

Vielfalt und Verhaltensmuster der Blütenbesucher von fünf häufigen, 

insektenbestäubten Baumarten zu analysieren, um mögliche Engstellen 

herauszufinden, die eine erfolgreiche Bestäubung und den Fruchtansatz begrenzen. 

Die Untersuchung wurde in einem 319 ha großen Waldfragment, gelegen in einer 

privaten Zuckerrohrplantage Nordostbrasiliens, durchgeführt. 

Tapirira guianensis, Anacardiaceae 

Tapirira guianensis ist eine häufige Baumart des Kronenraumes neotropischer 

Tieflandregenwälder und kommt in weiten Teilen Mittel- und Südamerikas vor. Im 

Untersuchungsgebiet hatte diese Art eine klare zweihäusige Geschlechtsausprägung; 

ein Geschlechterwechsel war nicht zu erkennen. Die Blütenknospen wurden in der 

Trockenzeit ausgebildet und traten anschließend in Dormanz ein. Die Länge der 

Dormanz war nicht vorhersagbar und dauerte in einigen Individuen bis zu 109 Tage. 

10,7 Tage nach dem Brechen der Dormanz durch prägnante Regenfälle traten 

männliche und weibliche Bäume gleichzeitig in einen kurzen, explosiven Blühimpuls 
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ein, welcher bis zu drei Tage in männlichen und bis zu sieben Tage in weiblichen 

Individuen andauerte. Sowohl in einzelnen Individuen als auch in der beobachteten 

Population wurde wiederholtes Blühen innerhalb der Blühperiode festgestellt. Die 

Blüten waren in lockeren, achselständigen Rispen angeordnet, die wiederum in klar 

unterscheidbaren Infloreszenzclustern nahe der Zweigenden gruppiert waren. Die 

Infloreszenzcluster männlicher Bäume waren durch ihren 24,3-fachen 

Blütenüberschuss im Vergleich zu den weiblichen Clustern und durch ihre 

exponiertere Lage viel auffälliger. 

Eine einzelne männliche Blüte war nach dem Öffnen bis zu 40 Stunden 

funktionsfähig, eine einzelne weibliche hingegen bis zu sechs Tage. Die Blüten waren 

klein (4,2 mm Durchmesser in männlichen und 4,6 mm in weiblichen Blüten), 

scheibenförmig, grünlich-weiß und gestatteten einen einfachen, praktisch 

unversperrten Zugang zu den Blütenressourcen. Weibliche Blüten wurden bestäubt, 

wenn Insekten in ihnen nach Nektar oder Pollen suchten. Die Narbenoberfläche 

betrug 0,28 mm2.  

Unter Annahme eines Verhältnisses von 1:1 zwischen männlichen und 

weiblichen Blüten hatte Tapirira guianensis ein Pollen-Ovula-Verhältnis von 9.341:1, 

bzw. von 227.920:1 unter Berücksichtigung des beobachteten männlichen 

Überschusses auf der Ebene der Infloreszenzcluster, in beiden Fällen typisch für 

obligat fremdbestäubte Arten. 

Neben Pollen (in männlichen Blüten) war Nektar die wichtigste Ressource in 

beiden Blütengeschlechtern. Zum Zeitpunkt der ersten Blütenbesuche um 05:50 Uhr 

erreichte der offen präsentierte Nektar in eingebeutelten Blüten ein Nennvolumen 

von 2,27 µl und eine Nennkonzentration von 23,1 Gewichtsprozent (Brix). Im 

Tagesverlauf stieg die Konzentration durch starke Verdunstung des ungeschützten 

Nektars jedoch auf bis zu 72,7 Brix bei gleichzeitigem Volumenverlust an. Pro 

Blühimpuls wurden 1,96 l Nektar für einen weiblichen und 5,09 l für einen 

männlichen Baum geschätzt. Die Nektarzucker bestanden aus 1% Saccharose, 52% 

Fruktose und 48% Glucose. Daher war der Nektar Hexose-dominiert, welcher dafür 

bekannt ist, die Verdunstung im Vergleich zu Saccharose-dominiertem Nektar zu 

erschweren. Vier Aminosäuren wurden bei einer Gesamtkonzentration von 1.248 

ng·µl-1 festgestellt. Prolin hatte mit 899 ng·µl-1 die höchste Konzentration. 
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Der Blütenduft von Tapirira guianensis wurde tagsüber freigesetzt, hatte eine 

dumpfe, schwere, nicht sehr süßliche, aber noch einigermaßen angenehme Note und 

war weitgehend aus häufig vorkommenden Isoprenoiden zusammengesetzt. Von 

den 21 festgestellten Inhaltsstoffen kamen 19 im männlichen und 11 im weiblichen 

Blütenduft vor. Dabei waren α-Pinen, (E)-Ocimen und β-Caryophyllen mit je ca. 15% 

relativem Anteil am höchsten konzentriert. Der Anteil von β-Caryophyllen sank im 

Tagesverlauf ab. Pro Blüte und Stunde wurden schätzungsweise 5 ng Duft 

freigesetzt.  

Eingebeutelte weibliche Blüten hatten keinen Fruchtansatz, was auf die 

Notwendigkeit von Bestäubern und Fehlen von Apomixis hinwies. 

Tapirira guianensis hatte ein taxonomisch breites, generalistisches Spektrum 

von Blütenbesuchern aus 107 Insektenarten, welches insbesondere Hautflügler 

(Bienen und Wespen), Fliegen und Käfer umfasste. 33 bzw. 31% der gesammelten 

Individuen waren Käfer bzw. mittelgroßen Bienen. 12 Insektenarten (11,2% von 107) 

kamen auf den Blüten beider Baumgeschlechter vor und spielen daher 

wahrscheinlich eine größere Rolle für die Bestäubung. Unter ihnen kamen drei 

Bienenarten (Plebeia flavocincta, Tetragonisca angustula und Apis mellifera) sowie zwei 

Käferarten (Coccinellidae) in größeren Häufigkeiten vor. Mittels Hochrechnungen 

wurde die absolute Artenzahl der Blütenbesucher auf 254 geschätzt. Die mediane 

Kopf-Rumpf-Länge der Blütenbesucher betrug 4,2 mm. 

Ocotea glomerata, Lauraceae 

Ocotea glomerata ist eine weit verbreitete Baumart des Kronenraumes neotropischer 

Tieflandregenwälder und kommt vom Guyana-Gebiet bis nach Ostperu und im 

Atlantischen Regenwald Nordostbrasiliens vor, jedoch nicht in Zentralamazonien. 

Im Untersuchungsgebiet hatte diese Art eine klare zweihäusige 

Geschlechtsausprägung; ein Geschlechterwechsel war nicht zu erkennen. 

Blütenstände und –knospen wurden in männlichen Individuen bei Einsatz der 

Regenzeit gebildet und begannen ohne Dormanz zu blühen. In weiblichen 

Individuen trat dieser Prozess ebenfalls in der Regenzeit auf, jedoch entweder vor 

oder nach dem Gipfel der Regenzeit. Zum Niederschlagsmaximum im Juli blühten 

beide Baumgeschlechter nur wenig. Das Blühen verlief als relativ konstanter, 
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breitgipfliger Prozess ohne kurzzeitliche Blühimpulse. Die Blüten waren in lockeren, 

achselständigen Thyrsen angeordnet, die wiederum in klar unterscheidbaren 

Infloreszenzclustern nahe der Zweigenden gruppiert waren. Die Infloreszenzcluster 

männlicher Bäume waren durch ihren 3,7-fachen Blütenüberschuss im Vergleich zu 

den weiblichen Clustern etwas auffälliger.  

Blütenknospen beider Geschlechter benötigten ca. 20 Stunden vom ersten 

Trennen der Perigonblätter bis zum Eintritt der Funktionsfähigkeit. Danach waren 

sie für wenig mehr als einen Tag funktionsfähig. Die Blüten waren klein (4,2 mm 

Durchmesser in männlichen und 3,0 mm in weiblichen Blüten), schüsselförmig und 

blaßgelb. Der direkte Zugang zu den Nektarien wurde durch die Antheren etwas 

versperrt (Zwischenraum von 0,46 mm in männlichen und 0,33 mm in weiblichen 

Blüten). In weiblichen Blüten erfolgte die Bestäubung, wenn kleine Insekten auf der 

zentral gelegenen Narbe landeten. Die Narbenoberfläche betrug 0,20 mm2.  

Unter Annahme eines Verhältnisses von 1:1 zwischen männlichen und 

weiblichen Blüten hatte Ocotea glomerata ein Pollen-Ovula-Verhältnis von 7.898:1, 

bzw. von 29.223:1 unter Berücksichtigung des beobachteten männlichen 

Überschusses auf der Ebene der Infloreszenzcluster, in beiden Fällen typisch für 

obligat fremdbestäubte Arten. 

Neben dem nur selten gesammelten Pollen (in männlichen Blüten) war Nektar 

die wichtigste Ressource in beiden Blütengeschlechtern. Nach einem Tag 

Ansammlung erreichte der wenige, relativ offen präsentierte Nektar in 

eingebeutelten Blüten ein Nennvolumen von 0,84 µl und eine Nennkonzentration 

von 49,1 Gewichtsprozent. Pro Blühperiode wurden 0,034 l Nektar für einen 

männlichen Baum geschätzt. Der Nektarzucker bestand nur aus Saccharose, was 

dafür bekannt ist, die Verdunstung des Wasseranteils im Vergleich zu Hexose-

dominiertem Nektar zu erleichtern. Es wird angenommen, dass dies Blütenbesucher 

wie Fliegen bevorzugt, die hohe Zuckerkonzentrationen mit ihren Speichelsekreten 

durch Auflösen verwerten können. Acht Aminosäuren wurden bei einer 

Gesamtkonzentration von 1.833 ng·µl-1 festgestellt. Prolin hatte mit 1.176 ng·µl-1 die 

höchste Konzentration. 

Der Blütenduft von Ocotea glomerata war schwach, erinnerte an verrottendes 

Zitronengras und war am besten zwischen 16:00 und 18:00 Uhr spürbar. Er war 
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weitgehend aus häufig vorkommenden Isoprenoiden zusammengesetzt. Von den 16 

festgestellten Inhaltsstoffen kamen 11 im männlichen und 15 im weiblichen 

Blütenduft vor. Dabei waren (E)-Ocimen, Limonen, und (Z)-Ocimen am höchsten 

konzentriert. Der Anteil von Limonen stieg im Tagesverlauf an und war gleichzeitig 

mit der stärksten Anlockung von kleinen Fliegen um 17:00 Uhr am höchsten. Pro 

Blüte und Stunde wurden schätzungsweise 7.9 ng Duft freigesetzt.  

Eingebeutelte weibliche Blüten hatten keinen Fruchtansatz, was auf die 

Notwendigkeit von Bestäubern und Fehlen von Apomixis hinwies. 

Ocotea glomerata hatte ein breites, generalistisches Spektrum von 

Blütenbesuchern aus 153 Insektenarten, welches taxonomisch von 82 Fliegenarten 

dominiert wurde, neben Hautflüglern (Bienen und Wespen), Käfern und Wanzen. 

82,6% der gesammelten Individuen waren Fliegenarten. 30 Insektenarten (19,6% von 

153) kamen auf den Blüten beider Baumgeschlechter vor und spielen daher 

wahrscheinlich eine größere Rolle für die Bestäubung. Unter diesen Arten hatten 

Fliegen wiederum die höchsten Arten- und Abundanzzahlen, darunter eine 

Fliegenart der Tephritiden, einer Familie, für die Limonen als Sexuallockstoff 

beschrieben wurde. Ocotea glomerata wird in erster Linie von Fliegen bestäubt. Mittels 

Hochrechnungen wurde die absolute Artenzahl der Blütenbesucher auf 346 

geschätzt. Die mediane Kopf-Rumpf-Länge der Blütenbesucher betrug 2,2 mm. 

Trichilia lepidota, Meliaceae 

Trichilia lepidota tritt als Kronenraum-Baumarten in drei Unterarten im Guyana-

Gebiet und im Atlantischen Regenwald auf. Im Untersuchungsgebiet hatte diese Art 

eine klare zweihäusige Geschlechtsausprägung; ein Geschlechterwechsel war nicht 

zu erkennen. Die Blütenknospen wurden in beiden Baumgeschlechtern zu Beginn 

der Trockenzeit ausgebildet und begannen ohne Dormanz zu blühen. Das Blühen 

verlief als relativ konstanter Prozess mit einem klaren Höhepunkt, aber ohne 

kurzzeitliche Blühimpulse. Die Blüten waren in lockeren, achselständigen Thyrsen 

angeordnet, die wiederum in klar unterscheidbaren Infloreszenzclustern nahe der 

Zweigenden gruppiert waren. Die Infloreszenzcluster männlicher Bäume waren 

durch ihren 3,8-fachen Blütenüberschuss im Vergleich zu den weiblichen Clustern 

etwas auffälliger. 
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Die männlichen Blüten waren 14 Stunden und die weiblichen 24 Stunden 

funktionsfähig, wobei die Unterschiede nicht signifikant waren. Die Blüten waren 

klein (2,7 mm Durchmesser in männlichen und 2,6 mm in weiblichen Blüten), 

glockenförmig, und gelblich-weiß. In männlichen Blüten ist das Nektarium durch 

eine von den flächigen, spitz zulaufenden Staubblättern gebildete Nektarkammer 

vollständig eingehüllt. Von 05:00 bis 08:00 Uhr war der Nektar nur über schmale, 

0,12 mm breite Lücken zwischen den Antheren erreichbar, in die der Pollen entleert 

wird. Nach 08:00 Uhr richteten sich die Staubgefäße und Antheren auf und boten 

einen weniger versperrten Zugang zum Nektar. In weiblichen Blüten erfolgte die 

Bestäubung, wenn Insekten ihre Mundwerkzeuge zwischen den Staminodien und 

der Narbe zur Nektaraufnahme einführten. Die Narbenoberfläche weiblicher Blüten 

betrug 0,69 mm2. An der Innenseite der Blütenblätter wurden 

oberflächenvergrößernde Strukturen festgestellt, von denen vermutet wird, dass sie 

eine Rolle bei der Duftverstärkung spielen.  

Unter Annahme eines Verhältnisses von 1:1 zwischen männlichen und 

weiblichen Blüten hatte Ocotea glomerata ein Pollen-Ovula-Verhältnis von 1.203:1, 

bzw. von 4.571:1 unter Berücksichtigung des beobachteten männlichen Überschusses 

auf der Ebene der Infloreszenzcluster, in beiden Fällen typisch für fakultativ 

fremdbestäubte Arten. 

 Nektar war die wichtigste Ressource in beiden Blütengeschlechtern. Vor den 

ersten Blütenbesuchen um 05:00 Uhr entnommener Nektar erreichte ein 

Nennvolumen von 0,29 µl und eine Nennkonzentration von 21,5 Gewichtsprozent. 

Pro Blühperiode wurden 0,094 l Nektar für einen männlichen Baum geschätzt. Die 

Zuckerzusammensetzung des Nektars war mit 29% Saccharose, 36% Fruktose und 

35% Glucose relativ ausgeglichen. Fünf Aminosäuren wurden bei einer Gesamt-

konzentration von 437 ng·µl-1 festgestellt. Prolin war mit 299 ng·µl-1 am höchsten 

konzentriert.  

Der Blütenduft von Trichilia lepidota wurde tagsüber von den Petalen 

freigesetzt und war stark, süßlich, und angenehm. Er war weitgehend aus häufig 

vorkommenden Isoprenoiden und wenigen Benzenoiden zusammengesetzt. 37 

Inhaltsstoffen wurden im männlichen Blütenduft festgestellt. (E)-Ocimen (64% 

realtiver Anteil) dominierte das Gemisch, und Limonen und (Z)-Ocimen waren 



2. Zusammenfassung 
 

XXIII

weitere wichtige Bestandteile. Von den analysierten Arten hatte Trichilia lepidota die 

stärksten Duftemissionen von schätzungsweise 580 ng pro Blüte und Stunde.  

Eingebeutelte weibliche Blüten hatten keinen Fruchtansatz, was auf die 

Notwendigkeit von Bestäubern und Fehlen von Apomixis hinwies. 

Trichilia lepidota hatte ein breites, generalistisches Spektrum von 

Blütenbesuchern, zwischen 05:00 und 08:00 Uhr wurden die Blüten jedoch fast 

ausschließlich von Tagfaltern und tagaktiven Nachtfaltern besucht. Lediglich nach 

dem Aufrichten der Staubblätter wurde der Nektar auch von generalistischeren 

Insekten mit weniger dünn ausgezogenen Mundwerkzeugen erschlossen. Dies 

wurde als ein Mechanismus interpretiert, der die größeren Pollenladungen zunächst 

denjenigen Insekten aufträgt, die einen weiteren Aktionsradius haben. Weibliche 

Bäume wurden von Faltern und generalistischen Insekten ausgeglichener besucht. 

Das Besucherspektrum bestand aus 91 Insektenarten, welches insbesondere Falter, 

Fliegen und Hautflügler (Bienen und Wespen) umfasste. Häufigster Besucher und 

Bestäuber war Mechanitis lysimnia (Ithomiinae), welcher durchschnittlich 10,7 sec an 

einer Blüte Nektar saugte. Sieben Insektenarten (7,7% von 91) kamen auf beiden 

Blütengeschlechtern vor und spielen daher wahrscheinlich eine größere Rolle für die 

Bestäubung, unter ihnen wiederum Mechanitis lysimnia. Mittels Hochrechnungen 

wurde die absolute Artenzahl der Blütenbesucher auf 207 geschätzt. Die mediane 

Kopf-Rumpf-Länge der Blütenbesucher betrug 4,5 mm. 

Sclerolobium densiflorum, Ceasalpiniodeae (Fabaceae) 

Sclerolobium densiflorum ist in seinem Vorkommen auf Nordostbrasilien beschränkt, 

kann dort jedoch eine wichtige und häufige Baumart des Kronenraumes werden. Im 

Untersuchungsgebiet ist die Art zwittrig. Blütenknospen und Blütenstände wurden 

am Ende der Regenzeit ausgebildet und begannen ohne Dormanz zu blühen. Die 

Blüten waren in achsel- und endständigen Doppel- und Dreifachähren organisiert. 

Das Blühen verlief als konstanter Prozess mit einem klaren Höhepunkt über wenige 

Wochen, aber ohne kurzzeitliche Blühimpulse. Einzelne Individuen blühten 

überlappend, aber leicht zeitversetzt.  

Die Blüten von Sclerolobium densiflorum präsentierten ihren Pollen sekundär in 

den Haaren an der Basis der Petalen und Staubblätter, und öffneten die 
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kronblattartigen Sepalen ab 07:30 Uhr. Sie waren leicht protandrisch, da der Pollen 

schon präsentiert wurde als der Griffel noch nicht aufgerichtet war und 

funktionsfähig wurde. Das Schließen der Sepalen begann gegen Sonnenuntergang 

und erstreckte sich bis zum nächsten Morgen, ohne jedoch die aufgerichteten 

Staubblätter und den Griffel einzuschließen. Die Blüten waren klein (5,6 mm 

Durchmesser), schüsselförmig und pastellgelb. Die Narbenoberfläche betrug 0,013 

mm2. 

Sclerolobium densiflorum hatte ein Pollen-Ovula-Verhältnis von 19.151:1, 

typisch für obligat fremdbestäubte Arten.  

Die hauptsächliche Blütenressource war Pollen; Nektar wurde nicht 

festgestellt. Durch die verborgene Pollenpräsentation wurden die legitimen 

Bestäuber (pollensammelnde Bienen), wenn sie den Pollen aus den Petal- und 

Staubblatthaaren auskämmten, zu wiederholten Narbenkontakten gezwungen. 

Der Blütenduft von Sclerolobium densiflorum war süßlich, bluming bis fruchtig, 

leicht moschusartig und mittelstark. 

Eingebeutelte Blüten brachten spontan keine Früchte hervor. Experimentell 

selbstbestäubte Blüten hatten 5% Fruchtansatz, jedoch reiften diese Früchte nicht. 

Daher wurde die Art als selbstinkompatibel eingestuft.  

Sclerolobium densiflorum hatte ein breites Spektrum generalistischer, tagaktiver 

sowie ein schmales Spektrum nachtaktiver Blütenbesucher. Die Hauptaktivität 

mittelgroßer bis großer Bienen begann zwischen 07:30 und 08:00 Uhr und dauerte bis 

15:00 Uhr an. 10 bis 30 Minuten nach Sonnenuntergang flogen Individuen der 

Käferart Anomala sp. (Rutelinae, Scarabeidae) an und fraßen bis 22:30 Uhr an den 

exponierten fertilen Organen der bestäubten, sich schließenden Blüten. Diese 

Fraßereignisse zerstörten 2003 100% der Blüten und des Fruchtansatzes sowie 2004 

noch 15%. Das Besucherspektrum bestand aus 76 Insektenarten, hauptsächlich 

Hautflüglern (mittelgroßen und großen Bienen), Käfern und Fliegen. Unter ihnen 

wurden Plebeia flavocincta, Trigona fuscipens, Trigona spinipes and Apis mellifera häufig 

gesammelt. Mittels Hochrechnungen wurde die absolute Artenzahl der 

Blütenbesucher auf 151 geschätzt. Die mediane Kopf-Rumpf-Länge der 

Blütenbesucher betrug 4,5 mm. 
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Eschweilera ovata, Lecythidaceae 

Eschweilera ovata ist in Ostamazonien und im Atlantischen Regenwald südlich bis 

zum Bundesstaat Espirito Santo disjunkt verbreitet. In Nordostbrasilien ist sie eine 

der häufigsten Baumarten. Die Geschlechtsausprägung ist zwittrig. Blütenstände 

und Blüten wurden während der Trockenzeit ausgebildet und begannen ohne 

Dormanz zu blühen. Die Blüten waren in kleinen Trauben organisert, die in allen 

Kronenbereichen und in Stammnähe angetroffen werden konnten. Das Blühen 

verlief als konstanter Prozess mit einem bemerkbaren Höhepunkt über Wochen, aber 

ohne kurzzeitliche Blühimpulse. Die ersten und letzten blühenden Individuen 

überlappten sich nur wenig im Blühen. 

Die Blüten von Eschweilera ovata öffneten die Petalen zwischen 09:00 und 10:00 

Uhr. Gleichzeitig öffneten sich die Antheren, wurde die Narbe empfängnisbereit und 

der Nektar verfügbar. Die Blüten waren groß (Durchmesser: 37,4 mm), zygomorph, 

und hatten eine eingerollte Andröziumkappe, in deren Inneren der Nektar gebildet 

wurde. Die Farbe der Petalen variierte von weiß nach pastellgelb, wobei die 

Andröziumkappe stets gelb war. Die Petalen und das Andrözium, einschließlich der 

Andröziumkappe, wurden ab dem Nachmittag des Öffnungstages als Einheit 

abgeworfen. Die Narbenoberfläche betrug 0,19 mm2. 

Eschweilera ovata hatte ein Pollen-Ovula-Verhältnis von 37,675:1, typisch für 

obligat fremdbestäubte Arten. 

Die wichtigste Blütenressource war neben Nektar auch Pollen. Vor den ersten 

Blütenbesuchen um 09:00 Uhr erreichte der Nektar in sich öffnenden Blüten ein 

Volumen von 8,21 µl und eine Konzentration von 36,4 Gewichtsprozent. Pro 

Blühperiode wurden 0,011 l Nektar für einen Baum geschätzt. Die Nektarzucker 

bestanden aus 95% Saccharose, 2,4% Fruktose und 2,6% Glucose. Daher war der 

Nektar Saccharose-dominiert. Acht Aminosäuren wurden bei einer 

Gesamtkonzentration von 2.010 ng·µl-1 festgestellt. Prolin und Arginin hatten mit 993 

bzw. 717 ng·µl-1 die höchste Konzentration.  

Der Blütenduft von Eschweilera ovata, welcher von den Petalen emittiert 

wurde, war süßlich, fast stechend, und von mittlerer Stärke. Vier Substanzen, drei 

davon Isoprenoide, wurden im Duftgemisch festgestellt, wobei 1,8-Cineol 

(Eucalyptol) die häufigste Substanz war. 
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Eingebeutelte Blüten brachten spontan keine Früchte hervor. Experimentell 

selbstbestäubte Blüten hatten 85% Fruchtansatz. Daher wurde Eschweilera ovata als 

selbstkompatibel eingestuft, braucht aber Blütenbesuche von legitimen Bestäubern 

zu Pollenübertragung und Fruchtansatz. 

Eschweilera ovata hat ein enges Spektrum an tagaktiven, meist spezialisierten 

Blütenbesuchern. Die Hauptaktivität der mittelgroßen bis sehr großen Bienenarten 

begann bei der Öffnung der Petalen nach 09:00 Uhr und dauerte bis 

Sonnenuntergang an. Unter den beobachteten Bienenarten war nur Xylocopa frontalis 

stark genug, die Andröziumkappe bestimmungsgemäß zu öffnen und den Nektar im 

Inneren der Kappe mit der Zunge zu erreichen, wobei sie mit ihrem pollenbeladenen 

Rücken intensiven Narbenkontakt hatten. Kleinere Bienen wie Trigona-Arten 

sammelten gelegentlich Pollen. 80% der gesammelten Individuen waren Bienen, und 

60% davon waren Individuen von Xylocopa frontalis. Diese Bienenart besuchte eine 

Blüte in durchschnittlich 6,0 sec lang. Ein 18-tägiger experimenteller Ausschluss von 

Bestäubern mit einer Körperweite von >9 mm von den Blütenständen verminderte 

den natürlichen Fruchtansatz von 11.1% (Kontrolle) signifikant auf 2.0%. Xylocopa 

frontalis war der einzige beobachtete Blütenbesucher von Eschweilera ovata in dieser 

Größenklasse, was nahelegt, dass diese Art der einzige effiziente Bestäuber dieer 

Baumart im Untersuchungsgebiet ist. Dies steht im Gegensatz zu anderen Regionen, 

in denen mehrere Bestäuber von Eschweilera ovata registriert wurden. Mittels 

Hochrechnungen wurde die absolute Artenzahl der Blütenbesucher auf 20 geschätzt. 

Die mediane Kopf-Rumpf-Länge der Blütenbesucher betrug 28 mm.  

 

Insgesamt wurden auf allen fünf Baumarten 342 Arten von Blütenbesuchern 

festgestellt. 199 Arten (58,2% von 342) waren Einmalfänge, d.h. sie wurden nur auf 

einer Baumart ein mal gefangen. Keine der gesammelten Insektenarten wurde auf 

allen fünf Baumarten registriert, jedoch wurden fünf Blütenbesucher-Arten auf allen 

drei zweihäusigen Baumarten festgestellt. Mittels Hochrechnungen wurde die 

absolute Artenzahl der Blütenbesucher für alle fünf Baumarten als ganzes auf 697 

geschätzt. Die kleinblütigen Arten blühten zeitversetzt, während Eschweilera ovata 

(großblütig) gleichzeitig mit Tapirira guianensis blühte.  
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Schlußfolgerungen 

Die vorliegende Studie belegt, dass blütenbesuchende Insekten für alle fünf 

Baumarten zur erfolgreichen Fruchtbildung unabdingbar sind. Daher ist es 

wahrscheinlich, dass die Anwendung von Insektiziden in den angrenzenden 

landwirtschaftlichen Flächen, falls unsachgemäß durchgeführt, die Bestäubung und 

Fruchtbildung dieser Baumarten negativ beeinflusst. Das Vorkommen nur einer 

Bestäuberart bei Eschweilera ovata stellt im Falle eines hypothetischen Ausfalles dieses 

letzten Bestäubers ein erhöhtes Ausfallrisiko des Fruchtansatzes dar, verglichen mit 

den Regionen, wo die Baumart mehr Bestäuber hat. Bei Sclerolobium densiflorum ist 

der Fruchtansatz durch Blütenfraß negativ beeinflusst.  

Die Beschreibung des Blütenduftes von Trichilia lepidota stellt eine 

Erstbeschreibung von Blütenduft für die Familie der Meliaceen dar, ebenso wie die 

Beschreibung des Blütenduftes von Tapirira guianensis für den Duft lebender Blüten 

in der Familie der Anacardiaceen. Weiterhin belegt die vorliegende Studie erstmals 

das Auslösen von Kurzzeit-Blühereignissen durch Niederschläge für eine in Brasilien 

heimische Pflanzenart. 

Bei Ocotea glomerata ist Fliegenbestäubung (Myiophilie) dominant, welches 

Bestäubungssyndrom hier durch kleine, hoch konzentrierte Nektarmengen und 

vermutlich durch zusätzliche Fliegenanlockung mittels Sexuallockstoffen 

gekennzeichnet ist.  

Das zeitversetzte Blühen in den generalistischen kleinblütigen Arten wurde 

als Konkurrenzvermeidung um Bestäuber interpretiert.  

Die extrem kurzen männlichen Blühereignisse bei Tapirira guianensis bei 

hohem männlichen Überschuss, im Gegensatz zu dem geringen männlichen 

Überschuss bei Trichilia lepidota und Ocotea glomerata (wo männliche und weibliche 

Individuen wesentlich länger blühen) sind ein auffälliges Ergebnis. Es legt nahe, dass 

die verschiedene Länge und Intensität von Blühperioden einen verschieden großen 

Aufwand zur Beeinflussung der Bestäuberbewegung erfordern (einmalige 

Bewegungen von männlichen zu weiblichen Bäumen in Tapirira guianensis vs. 

wiederholter Pendelbewegungen zwischen männlichen und weiblichen Bäumen in 

Trichilia lepidota und Ocotea glomerata). Daher sollten Länge und Intensität von 

Blühperioden in aktuelle Modelle zur Aussterbewahrscheinlichkeit von dimorphen, 



2. Zusammenfassung 
 
XXVIII

tierbestäubten zweihäusigen Pflanzenarten einbezogen werden, damit die 

Aussterbewahrscheinlichkeit in diesen Pflanzenarten besser eingeschätzt werden 

kann* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Vamosi and Otto (2002) schlagen vor, dass für dimorphe, tierbestäubte zweihäusige 

Pflanzenarten die Aussterbewahrscheinlichkeit niedriger ist, wenn sie einen 

niedrigeren männlichen Überschuss haben, da bei hohem männlichen Überschuss 

die weiblichen Pflanzen von den Blütenbesuchern diskriminiert werden. Jedoch 

beziehen sie nicht Länge und Intensität von Blühperioden in ihr Modell ein.  
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3 Introduction 

3.1 Tree reproduction in tropical lowland rainforests 

Continuous deforestation of tropical rainforests is a serious threat to global 

biodiversity, as these forests often represent the highest species densities and 

numbers of species interactions (Myers et al. 2000). It is one of the most alarming 

signs of global change besides other alterations like climatic change, environmental 

pollution or human population explosion.  

In pre-Columbian times, the Atlantic Forest (Portuguese: Mata Atlântica) 

covered originally 1,300,000 km2, stretching from Rio Grande do Norte, the 

easternmost point of South America, to the southernmost Brazilian state Rio Grande 

do Sul (Morellato et al. 2000). Concerning its biodiversity, it is considered as one of 

the global “hottest hotspots” (Myers et al. 2000). 500 years after the beginning of 

European colonization, only 98,000 km2 (7.6%) of its former extension remained, 

mainly in mountainous parts of the Brazilian states Rio de Janeiro, São Paulo, 

Paraná and Santa Catarina (Morellato et al. 2000, Hirota 2003). 

In the northeastern Brazilian state of Pernambuco only 4.5% of the original 

Atlantic Forest is left (SECTMA 2002). In 2000, 57.4% of the state’s population lived 

in the narrow forest zone that only occupies 11.4% of the state’s area (IBGE 2003,  

2007a,  and  2007b). The main part of the former rainforest area is used for 

sugarcane cultivation that now dominates wide parts of the forest zone (Ranta et al. 

1998); the area still increased from 1975 on after implementation of the Proálcool 

program (Decreto 76.593 of 1975) promoting ethanol fabrication from sugarcane as 

petrol substitution. Additional forest areas were lost by the more or less 

uncontrolled land reform from 1984 on (e.g., Cullen et al. 2005). 

Our study site at the Usina São José (USJ) sugarcane plantation in 

Pernambuco is characterized by 106 forest remnants of different size, age and 

shape, with few fragments exceeding 100 ha. Although approx 6.600 ha (27%) of the 

native forest cover still exists, which is more than five times higher than the mean 

value of the Pernambuco forest zone (Trindade et al. 2007), the forests have lost 

much of their originality. Many important seed disperser, e.g., large-billed birds 
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like toucans are already extinct at that site (Farias et al. 2007). The only larger 

primate (Cebus flavia; Pontes et al. 2006, Oliveira and Languth 2006) already 

disappeared from almost all forest fragments, and the remaining mammal fauna is 

impoverished in efficient seed dispersers (FADURPE 2006). For tropical forests, 

animal seed dispersal (zoochory) is essential (Wunderle 1997), and therefore, lack of 

these dispersers in Northeast Brazil is thought to threaten up to one third of the 

native tree species by regional extinction (Silva and Tabarelli 2000). 

However, the presence even of the most efficient and appropriate disperser 

would be useless, if there were no fruits and seeds to be dispersed. For successful 

generation of seeds, pollination is required in most flowering plant species. In 

tropical lowland rainforests, as it can be found in Northeast Brazil, pollination by 

wind (anemophily) is very rare (Whitehead 1969, Regal 1982, Culley et al. 2002), 

and 98-99% of the flowering plants are estimated to be pollinated by animals, most 

of them by insects (Bawa 1990).  

Deforestation and habitat fragmentation have been proved various times to 

affect negatively pollination and reproduction in native plants (see Aguilar et al. 

2006 for review), but even for all that cultivated plants which depend on non-

honeybee pollinators (e.g., passion fruits), proximity of natural habitats is often 

essential (Westerkamp and Gottsberger 2000, Freitas and Oliveira Filho 2003, 

Darrault and Schlindwein 2005). Deforestation processes in Northeast Brazil are 

among the longest lasting of whole Brazil, as colonization started here first (Dean 

1995, Guedes et al. 2005). This way, one could expect that the remaining tree species 

are already well-adapted to the adverse conditions in those small forest patches. 

However, even apparently common species are often more vulnerable than 

assumed, which led many of them already to extinction (Gaston and Fuller 2008). 

Additionally, in the case of the USJ, many forest fragments have an uncertain age 

(Trindade et al. 2007). These circumstances suggest therefore to question the 

invulnerability of frequent tree species and to detect if there are indications of 

bottlenecks in their reproductive processes. As a first step towards a risk assessment 

of their reproductive status, the present work aims to analyse floral biology, 

flowering phenology and composition of its floral visitors of the chosen frequent 

tree species. 
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Compared to anemophilous species, animal-pollinated tree species face a 

major problem, that is guaranteeing cross-pollination. Because of the large size of 

trees, its floral visitors, especially when minute, tend to forage much more time on 

one individual than on individuals of smaller growing species. Without protective 

mechanisms, this would result in repeated pollen transfer on the stigmata of the 

same individual (self-pollination), and fruit set by inbreeding. Although desirable 

in the special case of population re-establishing from few available individuals, 

repeated inbreeding may cause evolutionary instable deleterious effects, known as 

inbreeding depression (Lande and Schemske 1985, Charlesworth and Charlesworth 

1987, Du et al. 2008). As a result, in tropical tree species evolved at several 

organisational levels an apparently infinite number of mechanisms that a) avoid 

self-pollination and b) guide pollinators between different individuals, of which 

only the most important can be mentioned here.  

Angiosperms have evolved diverse pathways and forms of mating (Richards 

1997, Barrett 1998, Gottsberger and Silberbauer-Gottsberger 2006) to ensure seed 

production by sexual reproduction. Generally, they are hermaphrodite, i.e., their 

flowers have both functional female and male organs. To avoid inbreeding 

depression at the level of flowers, self-incompatibility mechanisms evolved in many 

of these plant species (Gibbs 1990). Additionally, temporal isolation of female and 

male flowering phases (dichogamy) can be detected in several hermaphrodite 

species (see Bertin and Newman 1993 for review), or spatial isolation of female and 

male organs within the flowers (herkogamy). 

However, approximately one quarter of the species show a kind of gender 

separation or dicliny (Richards 1997) like monoecy (male and female flowers on one 

individual) or dioecy (male and female flowers on separate individuals). Renner 

and Ricklefs (1995) estimated that from an assumed total of 240,000 flowering plant 

species, approximately 6% (14,620) are dioecious. Studies on sexual systems of 

tropical lowland rainforests species (Croat 1979, Bawa et al. 1985a, Bawa et al. 

1985b, Ibarra-Manriquez and Oyama 1992, Silva et al. 1997, Cara 2006, Chen and Li 

2008) showed however that among trees the ratio of dioecious species (15-30%) is 

higher than the average value estimated by Renner and Ricklefs (1995). 
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Dioecy evolved many times independently from hermaphroditism in plants 

via different pathways (Charlesworth and Charlesworth 1978, Bawa 1980a, Beach 

1981, Charlesworth and Charlesworth 1981, Grant et al. 1994, de Jong et al. 1999, 

Barrett 2002). One of the theories to explain the higher persistence of dioecy in 

tropical lowland rainforest tree species is that trees, especially those with small, 

open, and inconspicuous (generalist) flowers are mainly attended by small and 

generalist floral visitors (Bawa and Opler 1975, Bawa 1980a, Charlesworth 1993). 

Like shown above, they switch rarely between tree individuals because of the tree 

size. In this situation, gender separation is thought to be an economic combination 

between inbreeding prevention and reduction of pollen discount on stigmata of the 

same individual (Bawa et al. 1985a).  

Besides advantages like avoidance of inbreeding depression, evolution 

towards dioecy bears also risks like extinction (Vamosi et al. 2003), which is 

revealed, e.g., by a lower species richness in dioecious clades (Heilbuth 2000) and 

by the low overall rate of dioecious plant species (see above). In dioecious trees as 

perennial taxa, however, Vamosi and Otto (2002) showed that the extinction risk is 

lower than in annuals.  

Not in every case pollination is needed for fruit formation, as known, e.g., 

from many Melastomataceae (Goldenberg and Varassin 2001, Gottsberger and 

Silberbauer-Gottsberger 2006), and therefore, flowers have to be essentially tested 

on occurrence of spontaneous fruit set. Another classical tool for evaluation of the 

reproductive performance of a flowering plant species is the ratio of pollen grains 

and ovules (P-O ratio), initially intended to correlate the reproductive system (from 

obligate autogamous to obligate outcrossing) with the effort of outcrossing 

investment and successional status of the plant (Cruden 1977). However, as 

numerous exceptions exist,  care is needed to avoid premature verdicts  (Cruden 

and Miller-Ward 1981, Cruden 2000). 

A further important factor that is important for the understanding of the 

functionality of the floral biology of plant species is flower and inflorescence 

morphology. Flowers are mostly categorized concerning their shape and 

accessibility of the floral resources (e.g., disc, bowl, tube, etc.), their size, their 

symmetry, and their colour. With these characteristics, floral syndromes can be 
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described (sensu Faegri and van der Pijl 1971). These syndromes may give a first 

hint on possible pollen vectors of plants, but were criticised to be often misleading 

(Waser et al. 1996, Ollerton 1998, Johnson and Steiner 2000). Nevertheless, they are a 

necessary tool for, e.g., evaluation of the ecosystem functional diversity (Machado 

and Lopes 2004, Gottsberger and Silberbauer-Gottsberger 2006, Girão et al. 2007) or 

understanding of floral specialization processes (Proctor 1978, Fenster et al. 2004). 

In the dioecious species, sexual dimorphisms are additional characteristics 

that are described to be crucial for influencing pollinator behaviour, not only on the 

morphological level (Opler and Bawa 1978, Delph et al. 1996, Ashman and Majetic 

2006), however, relatively few is published on this topic. At the same time, 

dimorphisms may to lead to extinction due to gender-specific discrimination by 

pollinators (Vamosi and Otto 2002).  

Plant species attract their pollinators in different ways. Among the 

attractants that they may offer are, e.g., nectar, pollen, oil, tissues, and perfumes, 

but also heat, copulation sites and nesting materials (Westerkamp 1999). 

Additionally, a considerable number of plant species are known to provoke their 

floral visitors by deception by offering no resource but mimicking sexual 

pheromones and even the shape of the insect mates, e.g., in the orchid genus Ophrys 

(Ayasse et al. 2000).  

Concentration and composition of the floral nectar may give some hints on  

taxonomic group and physiological constraints of its floral visitors, as nectar not 

only fulfils the energy but also the water demands of its consumers. Nectar sugar 

concentrations below 20% (weight/weight) are typical for bat-pollinated taxa due 

to their high water demands, medium concentrations in hummingbird pollinated 

taxa, whereas bee-pollinated taxa have generally nectar sugar concentrations above 

30% (Baker 1975, von Helversen and Reyer 1984, Willmer 1988, Perret et al. 2001). 

Additionally, it was tried to correlate pollination syndromes with the nectar sugar 

composition (e.g., Baker and Baker 1975, Baker and Baker 1983), however, 

phylogenetic history appears to be the primary determinant of nectar sugar 

chemistry, and pollinators have a secondary effect (see Nicolson and Thornburg 

2007 for review). 



3. Introduction 
 

6

Floral scents are assumed to originate primarily from chemicals serving as 

herbivore feeding deterrents (Pellmyr and Thien 1986). Research on it evolved 

rapidly in the last two decades, and up to now, more than 1719 different scent 

compounds are known (Knudsen et al. 1993, Knudsen et al. 2006). But even at 

similar qualitative composition, subtle differences in the quantitative composition 

of a scent blend were observed to have strong influence on the pollinator behaviour 

(Stökl et al. 2008). For some groups of floral visitors, certain compound classes act 

as typical attractant, e.g. sulphur-containing substances in bat-attracting blends 

(von Helversen et al. 2000). Short-term changes in the floral scent composition occur 

frequently and were proved to advise, e.g., already pollinated flowers (Schiestl and 

Ayasse 2001, Muhlemann et al. 2006). 

However, all these plant characteristics that evolved to guide the pollinator 

behaviour would be rather difficult to understand or be even contradictory without 

observing the time frame of these phenomena. Especially within voluminous tree 

species, pollen vectors have to be manipulated that way that they exercise 

movements between different plant individuals. Therefore, analysis of temporal 

flowering patterns at the level of single flowers (anthesis) or higher organisational 

levels like inflorescences, individuals, and populations (phenology) are essential for 

a consistent understanding of the reproductive situation and functionality of tree 

species. In cases of high synchrony among the flowers, the limit between anthesis 

and phenology may be even more complex. 

It is widely accepted that the diverse anthesis patterns that are known for 

plant species evolved both to adapt the flowering behaviour of the plant to the 

principal behavioural patterns of the pollinators and, conversely, to manipulate the 

behaviour of just these floral visitors. Spectacular processes like thermogenesis of 

flowers or inflorescences (Gottsberger and Amaral Jr. 1984, Gottsberger 1999, 

Gottsberger and Silberbauer-Gottsberger 2006) or heterodichogamy (Renner 2001, 

Renner et al. 2007, Teichert 2008) are only some examples for these adaptions. 

Phenology is the study of cyclic biological events (Lieth 1974). Knowledge on 

reproductive phenological behaviour, like flowering or fruit ripening periods is 

fundamental for understanding of the resource availability for its pollinators and 

dispersers (Frankie et al. 1974b, Schaik et al. 1993). In tropical woody plants, 
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different long-term and short-term flowering patterns  were detected (Gentry 1974, 

Frankie et al. 1974a, Bullock et al. 1983, Newstrom et al. 1994). As most of these 

species are insect-pollinated, and many of the insects lesser or stricter adapted to a 

floral type, the pollination capacity is limited and has to be shared between the 

plant species of a community, e.g., by staggered flowering (Opler et al. 1976, Ashton 

et al. 1988, Gottsberger 1989, Borchsenius 2002). At the phenological level, it was 

shown that subtle differences in the daily resource disponibility of single tree 

individuals lead to movements between tree individuals which have a broad 

flowering peak (Frankie and Haber 1983). Especially in obligate outcrossing or 

dioecious plants, flowering time overlap between the conspecifics is extremely 

important for successful fruit set. For synchronizing, mainly the water status is 

thought to be responsible, both for short-term events (Opler et al. 1976, Augspurger 

1982, Reich and Borchert 1984) and for long term events (Borchert 1983). In nearly 

equatorial latitudes without clear dry season and a constant daily photoperiod of 12 

hours, plants are thought to recognize the dislocation of the beginning and ending 

of the photoperiod for synchronisation (Borchert et al. 2005).  

Finally, the floral visitors of trees itself have to be analysed, especially in 

terms of taxonomic composition, species richness, diversity, size classes, 

abundances, as well as their behavioural and temporal patterns. A widely observed 

tendency is that small, open, easily accessible flowers have often a diverse spectrum 

of floral visitors (Lenza and Oliveira 2005, Kitching et al. 2007, Ødegaard and Frame 

2007), whereas zygomorphic flowers with hidden resources are subject to visits by 

few specialists (Mori and Boeke 1987, Oliveira and Gibbs 1994, Gottsberger and 

Silberbauer-Gottsberger 2006). However, care must be taken before making 

generalisations (Olesen et al. 2007), and apparently generalist flowers, like that of 

some palm species, may unveil on closer inspection to be pollinated by a taxonomic 

narrow floral visitor spectrum (Silberbauer-Gottsberger 1999). 

 

Main criteria for the species selection of this project were (a) the occurrence 

of insect pollination and (b) a high importance of these species in the local forests. 

Upon beginning in 2003, few published floristic and phytosociological data were 

available for the region in the north of Recife (e.g., Guedes 1998). After consultation 
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of preliminary data from Silva (2004, 2005), the following species were chosen for 

the present study: 

Tapirira guianensis Aubl., Anacardiaceae 

Ocotea glomerata (Nees) Mez, Lauraceae 

Trichilia lepidota Mart., Meliaceae 

Sclerolobium densiflorum Benth., Caesalpinioideae (Fabaceae) 

Eschweilera ovata (Cambess.) Miers, Lecythidaceae 

 

In the following chapters, floral biology, flowering phenology the principal 

floral visitors of five frequent, insect-pollinated canopy tree species occurring in a 

medium-sized Atlantic Forest fragment of Northeast Brazil will be characterised, 

answering the following questions:  

What are the principal levels of floral display units of the species, and how 

are they arranged and characterized? 

Are there dimorphisms in the floral display between the male and female 

individuals in the dioecious tree species? 

What are the key processes during anthesis? 

What is the sexual and breeding system of the species, and do they need 

the presence of pollinators for successful fruit set? 

What are the principal floral attractants that the plants offer to their floral 

visitors, and what is their degree of accessibility? 

How are the floral attractants composed? 

How do the species behave in terms of flowering phenology, and what 

could be the possible reasons for that behaviour? 

What are the principal groups of floral visitors of the species and their 

behavioural patterns? 

On the five selected tree species, at the beginning of the studies few or no 

information on floral biology was published. The state of the art, including recently 

published works on partial aspects of floral biology of the studied species, will be 

shown in the following. 
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3.2 General species characterisation and state of the art 

3.2.1 Tapirira guianensis Aubl., Anacardiaceae 

Tapirira Aubl. is one of ca. 75 genera of the Anacardiaceae, a world-wide distributed 

family of woody plants which mainly occur in the tropics and subtropics (Mitchell 

1997). Many of the ca. 600 family members are problematic because of their 

poisonous or allergenic sap (Mitchell 1990, 1997, Ribeiro and Mitchell 1999), 

however, some species are economically important because of their fruits and seeds 

(e.g., mango, Mangifera indica, cashew, Anacardium occidentale, or pistachio, Pistacia 

vera), or timber (Astronium spp.).  

Tapiria is a small genus of Neotropically distributed tree species (South 

Mexico to Southeast Brazil, Bolivia, and Paraguay; Mitchell 1997), and currently, 12 

species names are accepted (MOBOT 2008). Almost all Tapirira species have 

unisexual, rarely hermaphrodite flowers, and their fruits are drupes (Mitchell 1997). 

For Brazil, Engler (1876) mentioned four Tapirira species, of which T. marchandii and 

T. peckoltiana were merged to the modern name T. obtusa, and T. myriantha was 

integrated into T. guianensis (Mitchell 1997). A third Tapirira species, T. retusa, 

occurs in western Amazonia including parts of Brazil (MOBOT 2008). 

Tapirira guianensis, locally known as “pau-pombo” or “cupiuba” is the widest 

distributed species of this genus, ranging from Costa Rica to Bolivia, Paraguay and 

Southeast Brazil (Mitchell 1997, MOBOT 2008). It occurs in savannas, semi-

deciduous, gallery, disturbed and primary evergreen, non-inundated high forest 

(Mitchell 1997, Ribeiro and Mitchell 1999). In the Atlantic rainforest of Northeast 

Brazil, it belongs to the most abundant tree species (Guedes 1998, Silva 2004, 2005, 

Schessl et al. 2008) and has a high indicator value for habitats like forest edges, 

small fragments, or second growth plots (Santos et al. 2008). Its reported maximal 

height ranges from 13 m in the cerrado (Lenza and Oliveira 2005) over 27 m in this 

study to 35 m in Panama (Ødegaard and Frame 2007). Tree heights in the Guianas 

attain 30 m (Mitchell 1997) or up to 45 m (van Roosmalen 1985). The fruits are 

drupes of approx. 1 cm diameter, which are dispersed by birds (“pau-pombo” 

means dove-tree) and howler monkeys (van Roosmalen 1985). 
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Information on floral biology, phenology, and floral visitors of Tapirira 

guianensis were recently published by Lenza & Oliveira (2005) on a 1.900 km distant 

population in the Brazilian cerrado, and by Ødegaard and Frame (2007) on a 5.200 

km distant population in Panama. In the cerrado, Tapirira guianensis was found to 

be almost completely dioecious, with only sporadically occurring hermaphrodite 

flowers, and a floral visitor spectrum dominated by Hymenoptera and Diptera 

(Lenza and Oliveira 2005). The same species was characterized by Ødegaard and 

Frame (2007) as completely hermaphrodite in Panama, with beetles dominating the 

diversity of floral visitors. Flowering was described by Lenza & Oliveira (2005) and  

Mitchell (1997) to occur in short pulses or peaks, respectively, during the dry 

season, however, by Ødegaard and Frame (2007) as a process extending over three 

weeks at the end of dry season. These publications still lack important analyses of 

reproductive key features like reproductive system (in Ødegaard and Frame 2007), 

pollen-ovule ratio,  nectar characteristics, and triggering of flowering. For the whole 

Anacardiaceae family, no floral scent composition of living flowers is published so 

far. 

3.2.2 Ocotea glomerata (Nees) Mez, Lauraceae 

The Lauraceae is a largely Pantropical family and has 2500 shrub to mostly 

tree species, which are included into 52 genera, and 29 of them with approx. 900 

species occur in the New World (Vicentini et al. 1999). The basic mode of 

reproduction in the Lauraceae is heterodichogamy, found in its hermaphrodite 

species, from which various times evolved dioecy in whole genera, including the 

possibility of switching the individual sex (Kubitzki and Kurz 1984, Ish-Am and 

Eisikowitch 1992, Wheelwright and Bruneau 1992, Vicentini et al. 1999, van der 

Werff 2002). Most species have trimerous flowers and, characteristically, open the 

anthers by valves. The fruits are drupes or berries, which require in many cases 

specialized frugivores like toucans, cotingas, trogons, spider- or howler monkeys 

for successful dispersal (van Roosmalen 1985, Vicentini et al. 1999). 

Lauraceae are of worldwide economical importance. Many species are rich in 

isoprenoid volatiles and therefore used as spices (e.g., laurel, Laurus nobilis or 

cannel, Cinnamomum verum) or as raw materials for the fragrance production (e.g., 
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campher tree, Cinnamomum camphora, Brazilian sassafras, Ocotea odorifera, or 

rosewood, Aniba rosaeodora; Vicentini et al. 1999). A further economically important 

species is avocado (Persea americana). 

Ocotea is the largest Neotropical genus (at least 300 spp., van der Werff 1991, 

2002) of the Lauraceae family, and has also some representatives in Africa and 

Madagascar. The majority of the Ocotea species are dioecious, however, there are 

also gynodioecious species (Gibson and Diggle 1997, Vicentini et al. 1999). Rohwer 

(1986b) pointed out that with very few exceptions, the dioecious species are found 

in closed rainforests, whereas the hermaphrodite species can be found in open 

habitats. Ocotea fruits are berries (van Roosmalen 1985). The  taxonomic 

composition of Ocotea is complex, as the genus is claimed to be used mainly for 

forms that cannot be better integrated into other genera (van der Werff 2002). 

Besides a preliminary monography (Rohwer 1986a), modern keys only exist for 

delimited geographical areas (e.g., Vicentini et al. 1999, van der Werff 2002). 

Few Ocotea species were analysed so far in terms of reproductive biology. 

They are widely dioecious (Vicentini et al. 1999, van der Werff 2002), however, 

several cases of gynodioecy are reported (Rohwer 1986b, Wheelwright and Bruneau 

1992). Kubitzki and Kurz (1984) provided information about reproductive 

parameters of three dioecious Ocotea species of Central Amazonia. Oliveira (1996) 

and Gottsberger and Silberbauer-Gottsberger (2006) analysed reproductive features 

of different dioecious Ocotea species in the Brazilian cerrado. In the gynodioecious 

Costa Rican Ocotea tenera, the switch of single individuals from producing almost 

exclusively pistillate flowers to producing almost exclusively staminate flowers, 

and vice-versa was observed and analysed (Wheelwright and Bruneau 1992, Gibson 

and Diggle 1997, 1998). However, still no detailed information in this genus is 

available on, e.g., floral attractants like nectar characteristics, and floral scent 

compositon. 

Ocotea glomerata, locally known as “louro-cagão”, is a widely distributed 

Neotropical lowland rainforest tree species which occurs from northern Venezuela 

and the Guianas to eastern Peru and the Atlantic forest of Northeast Brazil (MOBOT 

2008). For Central Amazonia however, there are very few records (MOBOT 2008), 

e.g., it is absent in the Reserva Ducke near Manaus where more than 40 other Ocotea 
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species were counted (Vicentini et al. 1999). In Northeast Brazilian Atlantic forest, it 

has a high indicator value for habitats like forest edges, small fragments, or 

secondary growth plots (Sales et al. 1998, Santos et al. 2008). In the forests of the 

study area it is a frequent species (Silva 2004, 2005). It reaches tree heights of 25 m 

(this study) to 32 m (van Roosmalen 1985). In terms of floral biology, no detailed 

study was published so far.  

3.2.3 Trichilia lepidota Mart., Meliaceae 

The Meliaceae (“mahogany family”) is a predominantly tropical family with ca. 575 

tree or treelet, rarely shrub species in 50 genera, of which eight genera are native for 

the Americas (Pennington and Styles 1975, Pennington et al. 1981). In the 

Neotropics there are about 120 species (Pennington et al. 1981). In the family, the 

majority of the species is dioecious (especially the genera Trichilia and Guarea), 

monoecious (Cedrela and Swietenia), or polygamous (e.g., Melia and Azadirachta), 

and the confirmed cases of bisexual flowers are very few (Styles 1972, Pennington et 

al. 1981). In their flowers, the filaments are rarely free, but usually partly or 

completely united to a staminal tube (Pennington et al. 1981). In the Meliaceae, the 

fruits are loculicidal or septicidal capsules, rarely drupes or berries, and the seeds 

are winged or with a fleshy aril or sarcotesta, dispersed by the wind, birds, and 

other animals (Pennington et al. 1981, Souza and Pennington 1999).  Classical floral 

biology studies in this family are almost lacking, except for Styles (1972), Bullock et 

al. (1983), and Puentes et al. (1993). Studies at the molecular level on pollen 

dispersal showed high maximal transfer distances in some species like Carapa 

guianensis (Hall et al. 1994) or Swietenia humilis (White et al. 2002). No study is 

available, e.g., on floral scent composition for this family. 

Several species of this family are appreciated for their valuable timber, like 

cedar (Cedrela species), andiroba (Carapa species), and especially mahogany 

(Swietenia and Khaya species), and its extraction often catalysed further forest 

destruction (Fearnside 1997, Verissimo et al. 1998). The family is also known for a 

great diversity of secondary chemical compounds, which are used, e.g., as 

traditional anti-malarial drug, or insecticide (Azadirachta indica; MacKinnon et al. 
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1997). The cortex of Cedrela, Guarea and Trichilia is used for the fabrication of 

insecticides, drugs, and dyes (Souza and Pennington 1999). 

The genus Trichilia has 70 species in mainly tropical lowland America, 14 

species in Africa, and two in the Indo-Malayan region (Pennington et al. 1981). In 

Brazil, there are 43 species (Patrício and Cervi 2005). Despite of Opler & Bawa 

(1978) and Morellato (2004), who found that the sex ratio between male and female 

individuals of some Trichilia species did not differ significantly from 1:1, only the 

study of Puentes et al. (1993) deals with the reproductive biology of a Trichilia 

species. In Trichilia havanensis, the latter authors observed signs of a sex switch of an 

individual. For three Trichilia species, Souza et al. (2001) provided anatomical and 

morphological insights. 

 The dioecious Trichilia lepidota, locally known as “leiteiro branco”, occurs in 

three subspecies in the lowland rainforests of the Guiana area and in the Atlantic 

forest of Brazil (Pennington et al. 1981, Patrício and Cervi 2005, MOBOT 2008). Its 

fruits are 3-4 valved, loculicidal capsules, and their 1-2 seeds have a fleshy arrilode 

(Pennington et al. 1981). The individuals of this study were assigned to the 

subspecies Trichilia lepidota ssp. lepidota because of their peltate scale hairs 

(Pennington et al. 1981). For this species, tree heights were described to attain 15-25 

m (in this study and Pennington et al. 1981). In terms of floral biology, no detailed 

study was published so far. 

3.2.4 Sclerolobium densiflorum Benth., Caesalpinioideae (Fabaceae) 

The subfamily Caesalpinioidae has approximately 180 genera and 2500 to 3000 

species, principally trees and shrubs, also lianas, which occur mainly tropical and 

subtropical and which have a cosmopolitan distribution (Martins and Silva 1999). 

Compared with other plant families, studies in the Caesalpinioideae on floral 

biology and reproductive ecology are relatively numerous. A wide range of 

interactions is described for vertebrate and non-vertebrate pollinators (see 

Gottsberger and Silberbauer-Gottsberger 2006 for review), e.g. for bats in Bauhinia 

and Browneopsis (Heithaus et al. 1974, Hokche and Ramirez 1990, Fischer 1992, 

Knudsen and Klitgaard 1998). The nectar-less flowers of Senna, Cassia and 

Chamaecrista species are usually pollinated by pollen-collecting female bees, because 
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their poricidal anthers permit pollen access only for insects which are able to vibrate 

the anthers by “buzz pollination” (Buchmann 1983, Gottsberger and Silberbauer-

Gottsberger 1988, Thorp 2000, Marazzi and Endress 2008). In genera with more 

generalistic flower types like in Sclerolobium, a spectrum of generalistic floral 

visitors was observed (Sclerolobium aureum; Gottsberger and Silberbauer-

Gottsberger 2006). 

Within the genus Sclerolobium, studies on the floral biology of S. aureum 

(Gottsberger and Silberbauer-Gottsberger 2006) and S. paniculatum (Oliveira and 

Gibbs 2000) revealed the presence of a self-incompatibility system in its 

hermaphrodite flowers, and nectar as main floral resource. The fruits in this genus 

are non-dehiscent, flattened legumes, which are wind-dispersed after exfoliating of 

the epicarp (Gunn 1991). In a recent revision of the genus, it was claimed to be the 

same genus as Tachigali Aubl. (Silva and Lima 2007), and for Brazil, 18 Tachigali 

species were mentioned by those authors. In Brazil, the genus is mainly distributed 

in the Amazon (Gunn 1991). 

As suggested by Silva and Lima (2007), the new name for Sclerolobium 

densiflorum is now Tachigali densiflora, however, the species is treated in this study 

still under the classical name. Sclerolobium densiflorum, locally called “ingá-porco” is 

restricted to Northeast Brazil (Silva and Lima 2007, MOBOT 2008), but there it may 

become an important and frequent tree species at some sites of the Atlantic forest 

(Siqueira 1997, Guedes 1998, Vicente et al. 2005). In the study area of the present 

study, it was observed to form in some sites almost monospecific stands and to 

reach heights of 30 m. No study on floral biology was published so far on 

Sclerolobium densiflorum. 

3.2.5 Eschweilera ovata (Cambess.) Miers, Lecythidaceae 

The Lecythidaceae (“Brazil nut family”) is a family of tree species which has 

a Pantropical distribution and about 280 species (Prance and Mori 1979), however, 

the great majority of them occurs in the Neotropics (197 species in 11 genera, Mori 

et al. 1990). In the Guianas and Central Amazonia, the family is often among the 

most abundant and speciose families (Mori et al. 1987, Mori and Lepsch-Cunha 

1995). The flowers are often large and conspicuous (Gustavia up to 20 cm diameter; 
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Endress 1994). The androecium consists of a large number of basally united stamens 

which form an often large androecial ring around the gynoecium (Endress 1994). In 

the evolutionary more radiated genera of the family, a median-abaxial extension of 

the androecium forms a large lip or hood (Endress 1994), which can be simply 

folded (e.g., Corythophora, Couroupita, Lecythis), one time enrolled (e.g., Bertholletia, 

Eschweilera), or more than one time enrolled (Couratari; Mori et al. 1990). Most 

Lecythidaceae are pollinated by bees, although bat pollination has been reported for 

at least two species (Prance 1976, Mori and Boeke 1987, Knudsen and Mori 1996, 

Prance and Mori 1998). Floral scent analyses in the recent years revealed that the 

floral scent of the species is often dominated by a single scent compound (Knudsen 

and Mori 1996, Kaiser 2000). Very characteristic for this family are the fruits, called 

pyxidia, which are bell-shaped woody capsules, which dehisce in the majority of 

the species by an operculum (Prance and Mori 1979, Mori et al. 1990). The fruits are 

in some species large to very large (e.g., diameter > 15 cm in Lecythis pisonis), and 

for succesful dispersal of the large seeds, many species depend on medium to large-

sized vertebrates like bats, rodents, and fish (Gottsberger 1978, Prance and Mori 

1979, Hopkins and Mori 1999).  

The family is economically important, especially for the Brazilian states of 

Pará and Acre because of the non–timber forest product Brazil nut (Bertholletia 

excelsa), which needs to be pollinated by native medium- to large-sized bees (Maués 

2002) that lack in plantations (Endress 1994). The timber of Lecythidaceae species is 

typically hard and durable, and various plant tissues originating from cortex, roots, 

leaves, fruits and seeds are used by indigenous tribes as drugs (Hopkins and Mori 

1999). Some species, e.g., Lecythis zabucaja are forest emergents and can reach 

heights of 56 m in the Guianas (Mori et al. 1987).  

Eschweilera is the largest and most widely distributed genus of the family in 

the Neotropics, extending with approx. 84 species from Veracruz, Mexico, to the 

vicinity of Rio de Janeiro, Brazil (Mori et al. 1990). Eschweilera species are mostly 

canopy trees of unflooded lowland forests (Mori et al. 1990). The androecial hood of 

the flowers covers the fertile anthers of the androecial ring, forms typically at least 

one coil inwards and has staminoidal appendages at its coiled part which are 

thought to secrete the nectar (Mori et al. 1990). Pollination is done by large bees like 
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Euglossinae or Xylocopa, Centris, or Bombus species which are strong enough to land 

on the androecial hood and to open it. When advancing on the androecial hood to 

access the nectar inside the hood coil, the pollen-loaded back stripes the stigma, and 

pollen of that flower is deposited on the bee back again (Prance 1976). Information 

on floral scents were given by Knudsen and Mori (1996). 

Eschweilera ovata, locally known as “embiriba”, is a tree species disjunctly 

distributed in Brazil between eastern Amazonia and the Atlantic forest southward 

to Espírito Santo (Mori et al. 1990, Mori 1995). In the Atlantic forest of Northeast 

Brazil, it belongs to the most abundant tree species, especially in the edge zone of 

the understorey of some forest fragments (Guedes 1998, Silva 2004, 2005, Schessl et 

al. 2008). In the research area, trees attaining approx. 30 m of height were observed. 

Young treelets are locally used to fabricate the wooden arcs of “Berimbau” musical 

instruments, and in some forest edge zones, dead adult tree individuals were found 

that had their bark removed by locals for unknown purposes. The cup-shaped fruits 

are relatively small (diameter <4 cm), have a thin wall (thickness <3 mm) and 

contain 1-2 seeds (Mori 1995). Studies on its floral biology and pollination 

published by Ramalho and Batista (2005) in a restinga area north of Salvador/Bahia 

State revealed that at this site it is pollinated by nine large bee species, principally of 

the genera Xylocopa, Epicharis, Eufriesea, and Eulaema. The last authors state further 

that in Eschweilera ovata no spontaneous self-pollination occurs. On trees of the same 

region, Gusson et al. (2006) found evidence at the level of isoenzymatic markers that 

Eschweilera ovata is self-compatible. 
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4 Material and Methods 

4.1 Study area 

4.1.1 Forest vegetation at the Usina São José S/A sugar company 

This study was carried out on the property of the Usina São José S/A sugarcane 

plantation (herein after also referred to as “USJ”) within the municipality of 

Igarassu, Pernambuco State, Brazil (Figure 1). The property has an area of 247 km2 

(07º41'05" - 07º54'42"S and 34º54'18" - 35º05'07"W), and its original forest cover is 

now split into 106 forest fragments, which sum up to 66.6 km2, or 27% of the USJ 

area (Trindade et al. 2007). 

The study site is characterized by a seasonal tropical climate with a 

pronounced dry season between September and December and a rainy season 

between January and August. Data from one meteorological and 14 pluviometrical  

stations operated by the USJ show that the mean air temperature is approximately 

25°C (Figure 2, Schessl et al. 2008). Mean annual precipitation ranges from 2,440 

mm at the coastline to 1,440 mm only 11 km inland. The mean annual precipitation 

is 1,704 mm at the studied forest patch (1998-2004, mean from the Usina, D’Agua 

and Piedade pluviometrical station), and there were evident variations in annual 

rainfall (Figure 2) between 853 mm in 1998 and 2,536 mm in 2004 (yearly means 

from these three stations). 

Levelled tablelands (“tabuleiros”, up to altitudes of 140 m a.s.l.) interspersed 

by steeply eroded creek valleys and plane river valleys are the most important 

geomorphologic elements forming the landscape of the USJ. The tablelands were 

formed by the Upper Tertiary Barreiras formation and are, like the flat quaternary 

river valleys (Dominguez et al. 1990, Coutinho et al. 1998, Trindade 2005), 

favourable for the industrialised cultivation of sugarcane. Therefore, the remaining 

forests are almost exclusively found on the steep slopes of the creek valleys. 

Evaluating an aerial photograph sequence, Trindade (2005) showed that 

about 50% of deforestation on the property of the USJ took place in the last 30 years, 

when sugarcane cultivation for alcohol production was promoted by the Proálcool 
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program of the Brazilian government (Decreto 76.593 of 1975). More than the half 

(52%) of the remaining forest patches have a size between 10 and 100 ha, but 69.3% 

of the total forest area are found in the few fragments that are larger than 100 ha 

(Trindade et al. 2007). 

In terms of their shape, 73% of the forest remnants, which cover about 95% of 

the forest area, and all fragments >100 ha have a very irregular shape. This means 

that their area is less than 40% of that of a hypothetical circle with the same outline 

as the forest fragment’s circumference (shape index after Trindade et al. 2007). 

Consequently, the percentage of forest edge area is higher than in a more regular 

shaped forest patch with the same outline. The irregular shapes result from the 

fragment’s situation in residual areas on steep slopes along the creek valleys (Figure 

1). 

 
Figure 1: Location of the Mata de Piedade forest fragment. Acronyms for the Brazilian States: RN 
(Rio Grande do Norte), PB (Paraíba), PE (Pernambuco), AL (Alagoas), SE (Sergipe), BA (Bahia).  

 

Local forests were characterised as seasonal coastal evergreen by some 

authors (Guedes 1998, Silva 2004, 2005) according to Andrade-Lima (1961), but may 

also be classified as semi-evergreen rainforests sensu Whitmore (1998), as some of 
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the tree species like Parkia pendula (Willd.) Benth. ex Walp. (Mimosaceae) and 

Bowdichia virgilioides Kunth (Fabaceae) shed their leaves completely during the dry 

season. 

The tree species Thyrsodium schomburgkianum Benth. and Tapirira guianensis 

(Anacardiaceae), Parkia pendula, Eschweilera ovata, Pogonophora schomburgkiana Miers 

ex Benth. (Euphorbiaceae) and Protium heptaphyllum (Aubl.) March. (Burseraceae) 

achieve the highest importance values in these forests (Guedes 1998, Silva 2004, 

2005). Tree density of individuals >5 cm dbh in forest remnants of the USJ varies 

between 1,080 and 1,570 ha-1 in the interior and 1,110 and 1,749 ha-1 in the edge zone 

(Silva 2004, 2005, Schessl et al. 2008). 

Site climate at  Usina São José, Mata de Piedade
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Figure 2: Climatic diagram of the Mata de Piedade forest fragment, Usina São José S/A, 
Pernambuco, Brazil.  

 

4.1.2 Forest patch characterization 

This study was conducted in a 319 ha forest fragment locally named “Mata de 

Piedade” situated at 7°49’16’’-7°50’54’’S and 34°59’25’’-35°00’35’’W (Schessl et al. 

2008). On the east, south, and west side it is surrounded by farm tracks and 

adjoining sugarcane plantations. A small dam and a settlement borders on the 
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northwest side, and the USJ sugar factory limits the fragment to the north (Figure 

3). 

Local bedrock are sandstones and conglomerates of the Upper Tertiary 

Barreiras group of different consolidation degrees (Dominguez et al. 1990, Coutinho 

et al. 1998) and the topsoil is a sandy to loamy red-yellow podsolic soil (Schessl et 

al. 2008). 

 
Figure 3: Aerial photograph of the Mata de Piedade forest fragment in the Usina São José  

The Mata de Piedade is one of the few fragments on the USJ property, which 

still contains forested areas on the even top of a tabuleiro. This part of the remnant 

is intersected by an unpaved road. Even on the oldest available, 35 years old aerial 

photographs the extension and shape of the fragment is practically the same as 

today (Trindade 2005). The form of the forest patch is very irregular, resulting in a 
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perimeter of 20.8 km and a shape index (Trindade et al. 2007) of 8.9%. The most 

remote core areas are only 500 m away from the forest edge. 

In this forest patch the mean height of the closed forest canopy is 

approximately 20 m, and the most emergent trees exceed heights of 40 m. Former 

logging activities in some areas of the fragment are recognizable both on early aerial 

photographs and in situ by overgrown cart tracks and the dominance of Tapirira 

guianensis or Sclerolobium densiflorum in these areas. 

Although officially banned, fuel wood extraction by local people is occurring 

especially on the west side of the forest patch (pers. observation). Other observed 

forms of tree use include removal of the fibrous bark from many adult Eschweilera 

ovata trees for unknown purposes (resulting in the death of these trees) and 

extraction of treelets, which are used as signalling poles in the sugarcane 

plantations. Especially during the harvest period, rural workers enter into the forest 

belt during lunchtime for rest (pers. observation). 

4.2 Methods 

4.2.1 Flower and inflorescence morphology 

Key morphological attributes of flowers and inflorescences were measured to 

characterize the visual display and the resource accessibility of the reproductive 

units. 

The length of flowering inflorescences was determined in the field on 

accessible individuals with a ruler. Flower numbers in inflorescences and 

inflorescence numbers in inflorescence clusters were counted in the field with a 

tally counter. Diameter of buds and opened flowers were determined in the field 

using a calliper. Dimensions of single floral organs and their position within the 

flowers were determined with size-referenced micrographs using the “GPS Utility” 

imaging software (Murphy 2004). Images were taken with digital cameras and a 

Stemi 2000 C stereo microscope (Carl Zeiss Microimaging GmbH, Germany) or a 

DSM 942 scanning electron microscope (Carl Zeiss SMT AG, Germany). The colour 

of whole flowers and single floral organs was determined by comparison with 

published colour tables (Kornerup and Wanscher 1981). To compare gender-specific 
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flower numbers within the species, inflorescence numbers, and dimensions in the 

dioecious tree species, data or their logarithmic transformations were tested if they 

are normally distributed (Shapiro-Wilk-test of normality). Comparisons were 

carried out using Student’s t-test in the case of normality or using the Mann-

Whitney-U test in the case of non-normality. To calculate single values for the 

degree of male excess in  the dioecious species at the level of inflorescence cluster, 

single flower numbers of male inflorescence clusters were divided by the mean 

flower number of female inflorescence clusters. Single values of male excess degree 

were compared between the species by an ANOVA and a Bonferroni post-hoc test. 

To calculate the receptive area of stigma lobes in female Tapirira guianensis 

flowers, and to calculate the receptive area of whole stigmata in female Ocotea 

glomerata and in hermaphrodite Sclerolobium densiflorum flowers, their surface was 

assumed to be an ellipse. In female Trichilia lepidota flowers, their surface was 

assumed to be a hemisphere, and in Eschweilera ovata flowers a cylinder. 

To characterize the nectar accessibility in the nectar-producing species, 

dimensions of floral structures that obstruct the access to the nectar were measured. 

4.2.2 Anthesis 

To distinct between anthesis and species phenology, in the anthesis subchapters 

functionality and longevity of single flowers are described. Inflorescence 

functionality and longevity, flowering duration of individuals and of the observed 

subpopulation are described in the phenology chapters. 

Anthesis is described from that moment on when flowers became functional 

in at least one of their flower-specific characteristics (e.g., pollinator attraction, 

presentation of pollen and nectar, or stigmatic activity), which coincides in most 

cases with flower bud break. 

Single flower buds in tagged inflorescences short before opening were 

marked with coloured threads (Tapirira guianensis, Ocotea glomerata, Trichilia lepidota, 

and Eschweilera ovata). Due to their dense insertion, single flowers in tagged spikes 

of Sclerolobium densiflorum were marked with a small dash of permanent markers 

(Super Sharpie ®, colours black, red, and blue, Article # 33000, Sanford L.P., USA) 

on one of their sepals one night before opening. Before that it was tested by 
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comparison with unmarked control flowers that marking with these permanent 

markers does not influence the anthesis behaviour in Sclerolobium densiflorum. 

The progress of anthesis species was divided into characteristic anthesis 

stages. They differ from species to species and are shown in the respective 

subchapters. At each observed tree individual, anthesis stages were accompanied in 

at least ten flowers. 

To test the stigma activity in female or hermaphrodite flowers in the anthesis 

stages where they are exposed to pollinators, a 3% hydrogen peroxide solution was 

dropped on the stigma surface. Stigmata were classified as active when bubbles 

were released from the stigma surface resulting from breaking the hydrogen 

peroxide (Dafni 1992). 

4.2.3 Sexual and reproductive system 

Reproductive system 

To analyse the reproductive system in the hermaphrodite species, inflorescences 

with closed flower buds, known flower number, and without fruit set were bagged 

with wire cages and nylon stockings in accessible individuals to test if there is fruit 

formation by spontaneous self-pollination or apomixis. After this test, auto-

compatibility was tested by artificial pollination of single marked flowers with 

pollen from the same flower or inflorescence during the receptive phases of the 

stigmata. At least ten flowers per individual were tested. 

In the dioecious species, flowers in all anthesis stages from accessible trees 

were analysed with a 10x magnifier in the field if anthers open and/or if they 

contain pollen, as well as the stigmata checked if they are functional or 

rudimentary. In inaccessible but flowering individuals, tree sex was defined 

evaluating fallen flowers in the case that the flowers could be doubtless associated 

with one tree individual. Flowers in supposedly male trees were observed if they 

eventually form fruits. Female inflorescences with closed flower buds and without 

fruit set were bagged with wire cages and nylon stockings in accessible individuals 

to test if there is fruit formation by apomixis. 

Trees and flowers were accessed with single rope climbing techniques. 
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Pollen/ovule ratio 

To determine the pollen/ovule ratio in all five species, the mean pollen grain 

number per flower was calculated by counting the number of pollen grains per 

anther and the anther number per male or hermaphrodite flower. The pollen grain 

number was measured using a “Casy®1 TT Cell counter + Analyser System” cell 

counter system (Schärfe System GmbH, Germany). Anthers with closed tecae from 

flower buds shortly before opening were used for that purpose. 

Mean ovule numbers per flower were obtained by opening ovaries of female 

or hermaphrodite flowers and counting the total number of ovules with the help of 

a stereo microscope (Photomacroscope M400, Wild, Switzerland). In hermaphrodite 

species, the number of ovules per flower was obtained from the same flowers that 

were also used for the determination of pollen grain numbers. 

The P/O ratio was calculated in hermaphrodite species dividing the mean 

number of pollen grains of at least ten flowers by their mean number of ovules 

(Table 1). 

In dioecious species there is no fixed proportion between male and female 

floral organs. Thus, male flower/female flower proportions of the observed species’ 

subpopulations were calculated from data obtained from the phenological survey 

during 2004 and 2005. In that proportion, the mean ovule and pollen grain numbers 

of at least ten single flowers were included to calculate the P/O ratios of the 

subpopulations (Table 1). 
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Table 1: Tree individuals, number of flowers, and number of fertile organs from that flowers 
used for calculation of P/O ratios 

Species individual tree 
sex 

used 
flowers [n] 

used anthers  
[n] 

used 
ovaries [n] 

Eschweilera 
ovata 

L 103 
L 195 

h 
h 

5 
5 

5 
5 

5 
5 

      
Ocotea 
glomerata 

L 45 m 10 
 

10 external 
10 internal 

(mean pollen grain numbers from 
external:internal anthers weighed 

6:3) 

  - 

 L 108 f 10   - 10 
      
Tapirira 
guianensis 

L144 
L 199 

m 
f 

10 
10 

10 
- 

- 
10 

      
Trichilia 
lepidota 

L 102 
L 116 

m 
f 

10 
10 

10 
- 

- 
10 

      
Sclerolobium 
densiflorum 

L 58 
L 65 

h 
h 

10 
10 

10 
10 

10 
10 

h= hermaphrodite; m= male; f= female 

4.2.4 Nectar 

Nectar sampling 

Nectar was extracted from flowers by means of disposable glass capillaries 

“minicaps end-to-end” (Hirschmann Laborgeräte GmbH, Germany) using capillary 

sizes between 0.5 and 5 µl. The nectar volume was calculated considering the nectar 

fluid level of the capillaries and their size. 

Because of the low nectar production in some species, nectar accumulation 

attempts were run if necessary by bagging inflorescences to obtain detectable nectar 

amounts. In Eschweilera ovata flowers, the androecium hood had to be opened with 

a longitudinally cut to reach the nectar. In Trichilia lepidota, flowers had to be 

opened with a longitudinally cut to access the low nectar amounts without 

contaminating it by pollen. 

Nectar extractions of samples designated for laboratory analyses of 

composition and compound concentration were done using nitrile gloves to 

prevent amino acid contamination. For sugar and amino acid composition analysis 

of floral Trichilia lepidota nectar, the nectar production was artificially enhanced by 

overnight incubation of a inflorescence in a humid chamber. 



4. Material and Methods 
 

26

After registration of the enclosed nectar volume, the capillaries were stored 

in screw cap reaction vials filled with ca. 1 ml of 70% ethanol made of pure ethanol 

(OmniPur® Ethyl Alcohol, 200 Proof, Merck KGaA, Germany) and water (HPLC 

grade). Reaction vials with nectar were stored at -20°C until exportation. 

Nectar sugar concentration and energy content calculation 

Total nectar concentration in weight percent or °Brix (Bolten et al. 1979) [%w/w] 

(mg of sucrose per 100 mg of nectar solution) was determined in the field with a 

hand refractometer “HR900” (A. Krüss Optronic GmbH, Germany) which allows 

measuring of nectar concentrations from amounts of approx. 1 µl on. 

To characterise the water vapour pressure deficit (VPD) of the air as a 

possible factor influencing the nectar volume and concentration in flowers with 

open nectar presentation, air temperature and relative air humidity were recorded 

at three days (with rain precipitation) during rainy season, and at three days 

without any precipitation during dry season. A combined MWS 5 M air 

temperature/relative air humidity logger and a MWS 5 M rain logger (Reinhard 

System- und Messelektronik GmbH, Germany) were placed direct at the wind 

exposed eastern forest border, hidden behind shrubs at 1.5 m height. From 

temperature and humidity values logged every two minutes, the VPD [Pascal] was 

calculated following Buck (1981) and Alexandris and Kerkides (2003). Hourly VPD 

means of four different situations (00:00 – 05:59 and 06:00 – 11:59 h, in each rainy 

and dry season) were compared with a one-way ANOVA and a Bonferroni post-hoc 

test using the Statistica 6.0 Package (Statsoft Inc., USA). 

The total nectar energy content offered by single flowers was calculated from 

the nectar quantity and from concentration measurements by the hand 

refractometer in the field, assuming sucrose as only sugar in the sampled nectar and 

all optical refraction of the nectar originating from sugars. 

For calculation, concentration values [%w/w] had to be transformed into  

[g·l-1] as follows: 

C (% sugar-reading  in 
the refractometer) 

 
milligrams sugar 
in A volume of 
nectar 

 
= 

100 

 

x 

A 
volume 
in µl 

 

x 

density d of 
the sucrose at 
the observed 
concentration 

(Dafni 
1992) 
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Substituting d by the equation used by Comba et al. (1999) for calculating the 

density of sucrose solutions: 

d=0.0000178 x C2 + 0.003721 x C + 0.9988603 

 results in the sugar content  of a certain volume of nectar: 

 

0.0000178 x C3 + 0.003721 x C2 + 0.9988603 x C milligrams sugar 
in A volume of 
nectar 

= 100 
x 

A 
volume 
in µl 

 

Dividing by the volume and multiplying by 1,000 results in the concentration in  

[g·l-1]: 

 

grams of sugar 

liter of nectar 
= 0.0000178 x C3 + 0.003721 x C2 + 0.9988603 x C x 10  

 

This concentration was multiplied with the nectar volume encountered in 

single flowers to calculate their individual quantity of sugar offer. To calculate the 

nectar energy content originating from that sugars, 1 mg of sucrose was valued as 

16.8 J (Dafni 1992). For female Tapirira guianensis flowers, the daily course of 

standing crop nectar amount and concentration was recorded, and the energy offer 

calculated. 

Laboratory analysis of nectar sugar and amino acid composition 

Water and ethanol were removed from nectar samples by vacuum centrifugation at 

65°C (SpeedVac SC 110, Savant Instruments Inc., USA) and dissolved after drying 

in 100 µl of water (HPLC grade). Specimens were vortexed, collected at 1,600 rpm at 

the vial bottom and filtered with a nylon filter membrane (0.45 µm pore size, 

Acrodisc 4 mm syringe filter, Pall Corporation, USA). 

 

Sugar analysis 

50 µl of the filtered sample were transferred into an autosampling HPLC vial, 

capped, and collected in an autosampler magazine. 
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Nectar samples were analysed with a HPLC unit (Waters Corporation, USA) 

consisting of an autosampler (Waters 717 plus), isocratic pump (Waters 510), 

column oven (Waters CHM), a Sentry Guard Column (high performance 

carbohydrate, size: 3.9 x 20 mm, Waters), a High Performance Carbohydrate 

Column (size: 4.6 x 250 mm, particle size: 4 µm, pore size: 6 nm, Waters) and a 

refraction index detector (Waters 410). To control the HPLC unit and to analyse the 

signals, the Millenium 32 v3.0 software (Waters Corporation, USA) was used. As 

mobile phase, HPLC grade acetonitrile/pure water 72/28% were used with a flow 

rate of 1.4 ml/min. Injection volume was 10 µl. 

Prior to nectar sample analysis, a HPLC run with known sugar 

concentrations was performed to obtain a linear calibration curve for each of the 

detectable sugars. Sugar concentration of nectar samples then was calculated 

manually or by the Millenium 32 v3.0 software from the peak area of the 

chromatogram peaks by means of the calibration curves and the individual dilution 

factor obtained from the nectar volume noted in the field. 

To characterise the relative proportions of sugars by weight within the nectar 

samples, the sucrose-hexose index established by Baker and Baker (1983) was used, 

which is expressed as follows: 

S 
G + F 

(concentrations [weight/volume] of  S = sucrose, G = glucose, F = fructose) 

These authors define ratios < 0.1 as “hexose dominated”, between 0.1 and 

0.499 as “hexose rich”, between 0.5 and 0.999 as “sucrose rich” and > 0.999 as 

“sucrose dominated” (Baker and Baker 1983). To calculate this ratio, from all 

samples of each species the total amount of each sugar were summed up and then 

the ratio calculated. 

 

Amino acid analysis 

To allow HPLC analysis of amino acids by fluorescence detection, a pre-column 

derivatization of the amino acids with 6-aminoquinolyl-N-Hydroxysuccinimidyl 

carbamate (AQC) was done prior to injection. For this purpose, an AccQ*Tag 

Chemistry Package (Waters) kit was used, which enables to detect 17 amino acids. 5 
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µl of the filtered nectar solution were mixed with 35 µl of borate buffer and 10 µl of 

AQC solution provided with the kit, vortexed and incubated 10 minutes at 55°C in 

a water bath. Thereafter, samples were transferred with pyrolysed glass Pasteur 

pipettes into autosampling HPLC vials, capped, and collected in an autosampler 

magazine at room temperature. 

Nectar samples were analysed with a HPLC unit (Waters Corporation, USA) 

consisting of a low-pressure single pump gradient system (Waters 600E), an 

autosampler (Waters 717plus), a column oven (Waters CHM), a Sentry Guard 

Column (NovaPak C18, size: 3.9 x 20 mm), an AccQ*Tag Column (size: 3.9 x 150 

mm, particle size 4 µm, Waters), and a fluorescence detector (Waters 470). 

To control the HPLC unit and to analyse the signals, the Millenium 32 v3.0 

software (Waters) was applied. As mobile phase, Eluent A (an acetate-phosphate 

buffer, from the AccQ*Tag Chemistry Package, Waters), HPLC grade 

acetonitrile/pure water were taken up from separate containers and automatically 

mixed as gradient conforming a profile established by Schmidt (1998). Flow rate 

was 1 ml/min. Excitation wavelength was 250 nm, detection wavelength 395 nm. 

Injection volume was 5 µl. 

Prior to nectar sample analysis and every 40 samples, four HPLC runs with 

known amino acid concentrations (5, 10, 20 and 40 pmol/µl, provided with the 

AccQ*Tag Chemistry Package, Waters) were performed to obtain a linear 

calibration curve for each of the detectable amino acids. Known concentration 

(standards) were available during analysis for the following 17 amino acids: 

alanine, arginine, aspartic acid, cysteine, glutamic acid, glycine, histidine, 

isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 

tyrosine, and valine. Amino acid concentration of nectar samples then was 

calculated manually or by the Millenium 32 v3.0 software from the peak area of the 

chromatogram peaks by means of the calibration curves and the individual dilution 

factor obtained from the nectar volume noted in the field. 

To test if there is a correlation between the total sugar concentration [g·l-1] 

and amino acid concentration [ng·µl-1] of single amino acid samples after 

Gottsberger et al. (1989), for these values the Pearson’s correlation coefficient with 



4. Material and Methods 
 

30

the significance level based on the Student’s t distribution was calculated using the 

Statistica 6.0 (StatSoft Inc., USA) package. 

4.2.5 Floral scent 

Floral scent was taken from four species (Tapirira guianensis, Trichilia lepidota, Ocotea 

glomerata and Eschweilera ovata). In Trichilia lepidota, odour samples were taken from 

a male individual, but both from male and female individuals in the other two 

dioecious species. Complete inflorescences were covered in situ with an ovenbag 

PET film tube (Bratschlauch, Melitta GmbH, Germany) to allow a low-weight 

headspace sampling. In Tapirira guianensis, Ocotea glomerata and Trichilia lepidota, the 

enclosed inflorescence volume was approx. 1000 cm3, in Eschweilera ovata approx. 

150 cm3. 

The volatiles were captured with a 1:1 by volume mixture of Tenax™ TA 

(80/100 mesh, Macherey-Nagel 706318) and Carbopack X (20/40 mesh, Supelco 1-

0435) sorbents. For these purposes, 30 mm of this mixture were packed into glass 

tubes (100 mm length, 4 mm inner diameter) and fixed between glass fibre plugs. 

Before use, each tube was flushed with 2 ml of acetone and dried at least 30 minutes 

on a hotplate between 150 and 200°C. Immediately after drying, the sample tubes 

were closed with Parafilm™ and used on the same day. 

Generally, sampling took place two hours at an air flow of approx. 20 

ml/min with a battery-operated membrane pump during the period of strongest 

olfactory perceptible scent production. Beginning and ending time of sampling was 

registered in each case. For a preliminary scent quantification, the number of open 

flowers in the enclosed headspace was roughly estimated with an accuracy ± 50 

flowers in Tapirira guianensis and Trichilia lepidota, ± 20 flowers in Ocotea glomerata, 

and ± 1 flower in Eschweilera ovata. Blank samples of the surrounding area and 

samples of the used acetone were stored as control in order to subtract acetone 

impurities and background noises from the sample signals. After sampling, the 

captured volatiles were diluted with 150 µl acetone (p.a. grade). Samples were kept 

in 2 ml silanized glass vials, capped with a solid cap with PTFE-liner (Sigma-

Aldrich Co./Supelco) and later used for GC-MS analysis. Sample vials were stored 

until analysis at +4°C. 



4. Material and Methods 
 

31

GC-MS analyses were carried out by Dr. Stefan Dötterl, Department of Plant 

Systematics, University of Bayreuth, Germany. Before analyses, 100 µg of 

Nonadecane was added as internal standard. The samples were analysed thereafter 

on a Varian Saturn 2000 mass spectrometer and a Varian 3800 gas chromatograph 

fitted with a 1079 injector (Varian Inc., Palo Alto, USA). 1 µl of the samples was 

injected using a Varian 8200 Autosampler. The injector split vent was opened (1:10) 

and the injector heated initially at 150°C. The injection temperature increased 

during the injection with 200°C min-1 to 250°C and was held for 2 min. A ZB-5 

column (5% phenyl polysiloxane) was used for the analyses (length 60 m, inner 

diameter 0.25 mm, film thickness 0.25 µm, Phenomenex). Electronic flow control 

was used to maintain a constant helium carrier gas flow of 1.8 ml min-1. The GC 

oven temperature was held for 2 min at 40°C, then increased with 5°C min-1 to 

240°C and held for 3 min. The MS interface was heated to 260°C and the ion trap 

worked at 175°C. The mass spectra were taken at 70 eV with a scanning speed of 1 

scan s-1 from m/z 40 to 350. 

The GC-MS data were processed using the Saturn Software package 5.2.1. 

Component identification was carried out using the NIST 02 mass spectral data 

base (NIST algorithm), or MassFinder 3.0, and confirmed by comparison of 

retention times with published data (Adams 1995). Identification of individual 

components was confirmed by comparison of both mass spectrum and GC 

retention data with those of authentic standards. For quantification, peak areas of 

the volatile compounds were compared with the peak area of the internal standard. 

From this per-sample-value, the sampling duration, and the estimated number of 

sampled open flowers, an estimation of the magnitude order of scent production 

per flower and time was calculated. 

To demonstrate the similarity between the composition of floral scents of 

different individuals/tree sexes in the dioecious species on a presence-absence 

scale, the Sørensen index (Magurran 2004) was calculated from the substances 

found in the different individuals. 
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4.2.6 Flowering Phenology 

Inflorescence level 

Inflorescences of all species were characterized in terms of the presence of different 

developmental stages of floral buds within the inflorescence. Inflorescences were 

classified as “not simultaneously flowering”, when at the moment of opening of the 

first flowers, graduated younger floral buds were present, which open 

consecutively in the following days. They were classified as “simultaneously 

flowering”, when at a given time nearly all buds are at the same developmental 

stage and open synchronously. Where data were available, the ratio of the observed 

open flowers divided by the total number of floral buds/primordia in the 

inflorescence was calculated to illustrate the degree of synchronisation. 

Inflorescences in the tree crowns were accessed with single rope climbing 

technique. 

Individual and population level 

For the whole study period, presence and absence of the flowering 

phenophase was characterized by registering onset of flowering in the first 

individual and end of flowering in the last individual of the surveyed species 

subpopulation. For those species in which male subpopulations derived obviously 

in their flowering period from female ones, data are presented for the different tree 

sexes. Mean values of the beginning and ending data of flowering of a species were 

calculated using circular procedures according to (Zar 1996) in Microsoft Excel®. 

For the flowering season 2004/2005, duration and intensity of flowering 

events or flowering periods in previously marked adult individuals of  ≥ 20 cm dbh 

(of both sexes in the dioecious species) were characterized by categorizing the 

presence and intensity of the flowering phenophase according to the semi-

quantitative scale method established by Fournier (1974) in an adapted form (Table 

2). As 100% value (category four) was defined the highest density of open flowers 

ever observed in an individual of that tree species. 
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Table 2: Categories used for the semi-quantitative evaluation of flowering intensities (adapted 
from Fournier 1974) 

category quantification 

0 no open flowers present 

1 open flowers present in 1-25% of the highest flower density ever observed*  

2 open flowers present in 26-50% of the highest flower density ever observed* 

3 open flowers present in 51-75% of the highest flower density ever observed* 

4 open flowers present in 76-100% of the highest flower density ever observed* 

*in the respective species 

To calculate the relative flowering intensity of a species at a given time, the 

sum of all observed individual scores (0-4) was divided by the theoretical total 

maximal score of that species, assuming score 4 in all individuals (Fournier 1974). 

Observations on flowering phenology in a tree species were done surface-

based with a 10x50 binocular. They were started when first developing 

inflorescences were observed on the trees and then continued in regular periods. To 

define the adequate sampling period, the general medium-term flowering 

behaviour of the species was evaluated sensu Gentry (1974) during previous 

flowering periods. For species with a “cornucopia” behaviour (constant flowering 

over several weeks with a broad peak), up to one month was defined to be the 

standard sampling period. For species with a “pulsed bang” behaviour, which are 

repeated, unpredictable, and very short flowering pulses, the regular observation 

intervals were shortened to a weekly rhythm. Additionally for pulsed bang species, 

any observed flowering event in marked individuals was documented whenever 

possible during the whole study period by registering the day of the event and the 

involved individuals. 

 Rainfall data in a daily resolution were kindly provided by the agricultural 

office of the USJ. The precipitation values for the Mata de Piedade forest patch were 

averaged from the “Piedade”, “D´agua”, and “Usina” pluviometric stations which 

are 598 ± 459 m distant (mean ± sd) from the fragment edges. 

For the “pulsed bang” tree species, data of flowering events were aligned 

with the local daily precipitation data. The time span from single rainfall to single 

flowering events was calculated for each event in which two or more tree 

individuals began to flower. Mean values, standard deviation, and tests of normal 

distribution of that time spans, as well as test statistics of comparisons of the 
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flowering periods lengths were calculated with the Statistica 6.0 Package (Statsoft 

Inc., USA). 

4.2.7 Floral visitors 

Tree access 

To observe and sample the floral visitors of the species, trees both at the forest edge 

and in the forest interior were accessed. Edge individuals were accessed surface-

based when flowering branches were present at a height of up to 5 m. Higher or 

interior individuals were accessed by single rope climbing techniques. 

Neighbouring trees were used as a climbing help and base for sampling wherever 

possible. 

Observation and sampling of floral visitors 

In the tree species, the general behavioural pattern of the floral visitors was 

characterised (nectar consumption, pollen collection, pollen consumption, tissue 

consumption, patrolling, resting). In cases where certain, clearly identifiable floral 

visitors showed a higher abundancy and obviously longer, non-randomized 

interactions with the flowers, the visiting time spent per single flower and insect 

individual, and the behavioural pattern (nectar consumption, pollen collection, 

pollen feeding, tissue consumption) was registered.  

To obtain a spectrum of floral visitors, relative insect abundances were 

obtained by performing non-selective catches on the inflorescences with an insect 

net. The net had approx. 2.4 threads/mm, a mesh size of < 0.2 mm, 33 cm diameter 

and 60 cm of depth and was mounted on a 5 m glass fibre fishing rod. Additionally, 

a manual insect exhauster was used in a non-selective manner for sampling on very 

near inflorescences. The time of the catches was registered to detect variations of the 

visitor spectra in the course of the day. For the present compilation, the sampling 

effort was characterised in the form of capture events, where each capture event 

generally corresponds approximately one hour of observation including 3-4 net 

strike actions. Abundant, easily recognisable insect species (e.g., Apis mellifera, 

Xylocopa frontalis, Mechanitis lysimnia) were mostly set free after registering their 

abundance, and the effects of their eventual recapture were considered as 
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negligible. All insect specimens are deposited in the Laboratório de Ecologia 

Vegetal of the Universidade Federal Rural de Pernambuco, Recife, Brazil. 

Identification, measuring, and categorization 

Floral visitors of certain taxonomic groups (bees, butterflies) were identified by 

local specialists. All other insect groups were classified within their larger 

taxonomical groups by the author to the level of morphospecies. To enable 

comparisons of floral visitor diversity between the tree species, unique 

morphospecies numbers were assigned to each identified and unidentified 

morphospecies independent from the host tree species.  

In each collected insect, the body length was measured with a ruler with an 

accuracy of 0.5 mm at dimensions larger than 2.5 mm, and with a calliper with an 

accuracy of 0.1 mm at dimensions smaller than 2.5 mm. To enable measuring of 

smaller or additional dimensions, size-referenced photographs were taken from 

each specimen using a Stemi 2000 C stereo microscope (Carl Zeiss Microimaging 

GmbH, Germany), a Nikon D70 digital SLR camera (Nikon Corporation, Japan), 

and a millimetre scale. The median floral visitor body length was compared 

between the tree species with a Kruskal-Wallis ANOVA (Statistica 6.0 Package, 

Statsoft Inc., USA) because of their non-normal distribution. 

Estimations of the expected total species richness of the observed floral 

visitors were done for each single tree species as well as for all five tree species as a 

whole by calculation of species accumulation curves using the EstimateS Ver. 8.0.0 

software (Colwell 2005). To evaluate the sampling efficiency, the number of actually 

sampled insect species was divided by the different estimates of total species 

richness (protocols: Abundance-base Coverage Estimator [ACE], Incidence-base 

Coverage Estimator [ICE], Chao 1, Chao 2, Jack 1, Jack 2, Bootstrap, and Michaelis-

Menten), and averaged. For a review of the different calculation approaches see, 

e.g., Colwell and Coddington (1994), Chao (2005), and Chao et al. (2005).   

Definition of functional floral visitor groups followed largely those used by 

other studies on pollination systems carried out in the region (e.g., Machado and 

Lopes 2004, Cara 2006, Girão et al. 2007). The actually used categories are listed in 

Table 3. Ants were a priori excluded from this categorization because of their widely 
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known little role for pollination, however, their eventual presence on flowers is 

documented in the lists of floral visitors (see appendix). 

To test if the visitor spectra of the different tree species are different, the 

distributions of the captures frequencies in the single floral visitor groups were 

compared between the five tree species by a G-test with the Bioestat 4.0 package 

(Ayres et al. 2005). With a less stringent Spearman correlation test (Statistica 6.0 

Package, Statsoft Inc., USA), the ranks of the capture frequencies of the floral visitor 

groups (Table 3) were compared between the tree species.  

Table 3: Functional floral visitor groups used in the present study 

floral visitor group (see 
also codes in Figure 35) 

meaning 

dipt <4 small Diptera (flies) < 4 mm body length 

dipt >4 Diptera > 4 mm body length 

api <4 small Apoidea (bees) < 4 mm body length 

api 4-12 medium-sized Apoidea (bees) 4 - < 12 mm body length 

api ≥12 large Apoidea (bees) ≥ 12 mm body length (≥honeybee size) 

vesp <4 small Apocrita without Apoidea and Formicoidea (“wasps”) < 4 mm 
body length 

vesp >4 Apocrita without Apoidea and Formicoidea (“wasps”) > 4 mm body 
length 

coleop Coleoptera (beetles) 

lepi diu diurnal Lepidoptera (butterflies) 

lepi noct nocturnal Lepidoptera (moths, hawkmoths) 

heterop Heteroptera (bugs) 

dsi diverse small insects (flying insect groups not integrated in the 
preceding groups, like Thysanoptera [thrips], Blattodea 
[cockroaches], or Hemiptera/Auchenorrhyncha [cicada]) 

 

Selective exclusion of large floral visitors in Eschweilera ovata 

To test the effect of selective exclusion of large floral visitors (large bees) on fruit set 

in Eschweilera ovata, inflorescences were covered during its flowering period with 

bags (10x15 cm) made of green net cloth of 9 mm mesh width. Bees up to honeybee 

size were observed to slip easily through the meshes. 

Distributed on nine tree individuals, 26 marked inflorescences with closed, 

mature flower buds were covered with these bags. Prior to bagging, the number of 

flower buds per inflorescence was registered and eventually present single open 
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flowers or fruit set removed. On the same tree individuals on comparable positions 

near to the bagged inflorescences, 26 control inflorescences were marked and 

prepared at the same way but left free for natural pollination, with equal total 

number of flower buds like in the semi-open bag treatment. After eighteen days, 

fruit set was counted in treatment and control and compared with a Χ-square test 

(Statistica 6.0 Package, Statsoft Inc., USA). 
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5 Results 

5.1 Floral biology, phenology and floral visitors of Tapirira 

guianensis 

5.1.1 Morphology 

In the study area, the analysed Tapirira guianensis individuals had a dioecious sex 

expression. During the whole observation time, no tree was observed to change the 

sex. The flowers of both tree sexes are organized in axillary, loose, tapering 

panicles, which in turn are grouped in inflorescence clusters near to the apex of the 

branches. In male individuals, the apical growth of these branches was mostly 

decelerated during the flowering period, giving the inflorescences a showy, 

practically terminal position (Figure 4). Exposed in this way, the flowering male 

inflorescences appear yellowish white (colour value 3A2, Kornerup and Wanscher 

1981).  

 
Figure 4: Inflorescence clusters of male Tapirira guianensis individual L6 during a flowering 
event on 02/18/2005. Scale bar: 20 cm. 
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Male inflorescence clusters had a median number of 5.5 inflorescences and a 

mean number of 6,611.2 flowers (see Table 4 for standard deviations, quartiles, and 

sample sizes). Per male inflorescence, a median number of 1,110 flowers and a mean 

length of 14.99 cm were registered (Table 4). 

Flowering inflorescences of the tested female Tapirira guianensis individuals 

had a mean length of 5.10 cm and were highly significant smaller than male 

inflorescences and had also a highly significant lower median flower number of 53 

flowers per inflorescence (see Table 4 for standard deviations, quartiles, sample 

sizes, and test statistics). With a median number of 4.0 inflorescences and a mean 

number of 272.5 flowers, female inflorescence clusters were composed of highly 

significant fewer elements than male inflorescence clusters (Table 4). The male over 

female flower excess, at the level of inflorescence clusters, was 24.3:1 ± 7.8 (mean ± 

sd, Figure 18). Female inflorescences appeared less conspicuous than male because 

of their smaller size and additionally by being frequently shaded by leaves, which 

was caused by the apical growth of the branch in which they insert (Figure 5).  

 

Figure 5: Inflorescence cluster of female Tapirira guianensis individual L199 during a flowering 
event on 01/29/2004. Scale bar: 4 cm.  
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When exposed to the sun, the colour of whole flowering female 

inflorescences was the same as in male flowers (colour value 3A2, Kornerup and 

Wanscher 1981). 

Table 4: Comparison of morphological inflorescence and inflorescence cluster parameters of male 
and female Tapirira guianensis individuals 

morphological 
parameter 

tree 
sex 

mean ( ) or 
median ( ) nind / ninfl 

sd (±) or quartile 
span width (q:) 

test 
statistics p-value 

inflorescence number m = 5.5 5 / 22 q: 5 - 6 
per inflorescence 
cluster 

f = 4.0 5 / 67 q: 3 - 5 U=273 <0.005 

       
flower number per m = 6,611.18 5 / 11 ± 2,118.73 
inflorescence cluster f =    271.54 5 / 67 ±    147.24 t=19.725* <0.005* 

       
inflorescence length m = 14.99 5 / 51 ± 3.11 
[cm] f =   5.10 2 / 30 ± 1.79 

t=14.925 <0.005 

       
flower number per m = 1,110 5 / 51 q: 870 - 1,340 
inflorescence f =      53 3 / 74 q:   41 -      70 U=1 <0.005  

       
nind= number of tested tree individuals; ninfl= number of tested inflorescences; sd= standard 
deviation; quartile span width: span width between 25%- and 75%-quartile; U= Mann-Whitney-U 
value; t= Student’s t-test value 
*: after logarithmic transformation 

 

The flowers of both sexes are small (diameter about 4 – 4.5 mm), disc-shaped, 

pedunculate, actinomorphic, pentamerous, gamosepalous, choripetalous, and 

diplostemonous (Figure 6 a-d). The stamens insert below the intrastaminal disc. In 

both sexes, nectar secretion was observed on that disc, which can be interpreted as 

the floral nectary. The nectar is freely presented on that disc in drops that may 

exceed the disc diameter, without any protective structure against evaporation or 

dilution. 

The uniform yellowish-white colour appearance of whole flowering 

inflorescences when seen from a distance (see above) is dividing into several white 

to pale and dull yellow hues of the single floral organs. Petals are greenish-white (1 

A 2), floral discs and pistils dull yellow (3 B 5), filaments and sterile thecae of 

female flowers white (1 A 1), and male thecae with pollen grains pale yellow (3-4 A 

2; colour values according to Kornerup and Wanscher 1981). 
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Figure 6: Female (a, b) and male (c, d) flowers of Tapirira guianensis. Flowers in the SEM 
micrographs (b and d) were cut longitudinally. Scale bars: 1 mm. 

Comparing the dimensions of nine key morphologic parameters between 

male and female Tapirira guianensis flowers (Table 5), male flowers were 

significantly smaller in all parameters except stamen length. Male stamens (1.648 

mm mean length) were significantly longer than female ones (1.243 mm, see Table 5 

for standard deviations, sample sizes, and test statistics). In turn, pistils of female 

flowers (1.33 mm mean height) were almost three times longer than the sterile 

rudiments in male flowers (0.52 mm, Table 5). They are unilocular and contain one 

ovule. Their stigma is divided into five separate lobes, which have a mean height of 

0.32 mm and a receptive stigmatic area of 0.056 mm2 (single stigma lobe), or 0.279 

mm2 (whole flower, see Table 6 for standard deviations and sample sizes). 

Male flower anther thecae contained yellow pollen grains and are longicidal. 

Anthers in female flowers were not functional, as their thecae contained no pollen 

and showed no dehiscence. 

In both sexes, the stamens form the only structures that may obstruct slightly 

the nectar access. In male flowers, the episepalous stamens tend to curve towards 

the longitudinal flower axis, with temporary contact between their anthers, leaving 
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between the filaments still a distance (gap) of 0.69 mm width for nectar access 

(Figure 6d). In female flowers, the access to the nectar was still less obstructed, 

leaving a mean distance of 0.89 mm between the episepalous stamens and the 

stigmatic lobes (Figure 6a and b, Table 5). 

Table 5: Comparison of morphological flower parameters of male and female Tapirira guianensis 
individuals.  

morphological 
parameter 

tree 
sex 

mean  
[mm] nind / nflow 

sd  
[mm] t-value p-value 

stamen distance m 0.686 3 / 35 0.083 
(obstructive element) f 0.893 2 / 22 0.171 

-6.144 <0.001 

       
m 1.648 3 / 43 0.286 stamen length f 1.243 3 / 24 0.286   5.986*  <0.001* 

       
m 4.219 3 / 27 0.480 flower diameter f 4.635 3 / 24 0.455 -3.168   0.003 

       
m 1.526 3 / 36 0.137 disc diameter f 2.159 3 / 21 0.178 -15.027 <0.001 

       
m 0.538 2 / 22 0.096 peduncle diameter f 0.912 1 / 13 0.081 -10.114*  <0.001* 

       
m 1.008 3 / 34 0.127 petal width f 1.196 3 / 27 0.072 -6.856 <0.001 

       
m 1.445 3 / 34 0.167 petal length f 1.702 3 / 34 0.200 -5.752 <0.001 

       
m 0.424 3 / 31 0.062 pistil diameter f 1.102 2 / 17 0.065 -35.488 <0.001 

       
m 0.519 2 / 18 0.054 pistil height f 1.329 2  /  7 0.152 -20.219*  <0.001* 

nind= number of tested tree individuals; nflow= number of tested flowers; sd= standard deviation; t-
value= Student’s t-test value; p-value: significance level 
*: after logarithmic transformation 
Flower diameter values obtained from flowers, whose petals are in a 90° position to the longitudinal 
flower axis. 
 

Summarizing the floral morphological traits of Tapirira guianensis, its 

pollination syndrome sensu Faegri and van der Pijl (1971) can best described as a 

generalist  syndrome. 
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Table 6: Stigma dimensions of flowers of female Tapirira guianensis individuals 

morphological  
parameter mean  nind / nflow standard deviation  
stigma lobe heigth 0.319 mm 3 / 18   0.071   mm 
    
stigma lobe surface 0.056 mm2 2 / 21    0.0084 mm2 
    
stigma surface 0.279 mm2 2 / 21    0.042   mm2 

nind= number of tested tree individuals; nflow= number of tested flowers 

5.1.2 Anthesis 

The anthesis of Tapirira guianensis can be devided into seven stages in female and 

six stages in male individuals, as shown in Table 7. 

Table 7: Anthesis stages of Tapirira guianensis flowers 

anthesis 
stage # situation of female flowers situation of male flowers 

1 small sessile dormant buds small sessile dormant buds 

2 swelling buds, peduncle formation swelling buds, peduncle formation 

3 opening buds (petal position up to a 

cylindrical tube) 

opening buds (petal position up to a 

cylindrical tube) 

4 open, nectar and scent producing, stigmata 

receptive  

open, nectar and scent producing, pollen 

presenting  

4a  all stigma lobes whitish  petals erect or horizontal 

4b  some stigma lobes brownish   petals reflexed 

5 colour of all stigma lobes brown, 

termination of nectar and scent production 

anthers empty, termination of nectar and 

scent production, begin of wilting 

6 wilting and abortion of petals, stamens, and 

floral axes or 

abortion of brown wilted flowers 

7 abortion of petals and stamens and fruit 

development 

 

 

After growth of the inflorescence axes and initial development of the flower 

primordia during the dry season, Tapirira guianensis flowers of both tree sexes are 

held as dormant buds for a very variable, unpredictable period (ranging from few 

days until more than 100 days, see phenology chapter) in the anthesis stage #1. 

After triggering by pronounced rainfall events during the dry season, a mostly high 

percentage of flower buds (see phenology chapter) at any position within the 

inflorescence begins synchronously to swell and to lengthen the peduncle (anthesis 

stage #2). Duration of this stage in both sexes was approx. 10 days from the begin of 



5.1. Tapirira guianensis 
 

45

triggering on. At the approx. tenth day, most of the swollen buds which attain a 

diameter of 1.56 ± 0.15 mm (n=46) in male and 1.94 ± 0.12 mm in female (n=27; 

means ± sd) individuals, begin synchronously in both sexes to open the petals 

mainly in the afternoon and evening before the first day of nectar and scent 

production (stage #3). Varying between different flowering events, a certain portion 

of the swollen flower buds may enter one day later into stage #3. 

Flowers that were marked at stage #3 showed a different longevity 

depending on the tree sex. The percentages of flowers encountered in the following 

anthesis stages in the course of time are shown in Figure 7 and 8. In both sexes, 

scent emission was strongest between 05:00 and 12:00 h, decreasing especially from 

18:00 h on until 22h when almost no floral odour was perceptible. Nectar 

production occurs only in anthesis stage #4 in both sexes, i.e., not in opening 

flowers, and almost not between 18:00 h and 02:00 h. In the daytime, the nectar 

usually tends to evaporate and concentrate due to its open presentation (see nectar 

section). Stigmata of female flowers were tested to be receptive from the beginning 

on, i.e. immediately when they are unveiled from the petals already in anthesis 

stage #3. At that time, the majority of the opening buds in male tree individuals 

have still closed anthers which only open next morning until 06:00 h.  

In male individuals, nectar secretion was strongest at the first morning after 

opening of the flowers. After the first night in stage #4, nectar production was 

resumed by male flowers at the morning of the second day, but reached only mean 

values of less than the half of the first day (see nectar section). Until the evening of 

the first day, the anthers of most flowers already contain no more pollen grains. 

From noon of the second day on, male individuals offer practically no more 

resources, begin to wilt, and the visitor frequency declines significantly. 68 hours 

after marking at opening time, 45% of the reddish-brown, wilted male flowers were 

already shed, and at the sixth day (after 136 hours), 82% of the flowers were shed. 

In opened and not bagged female flowers of anthesis stage #4, single stigma lobes 

began to switch their colour to brownish from the second day on (1.9 days after 

opening, anthesis stage #4b). 
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Figure 7: Ratio of open and functional flowers (anthesis stage #4), swollen (stage #2) or opening 
(stage #3) buds, wilting (stage #5), or shed (stage #6) flowers during anthesis of male Tapirira 
guianensis individual L39 (n=36 flowers). See Table 7 for detailed anthesis stage characteristics.  

Testing receptivity of that brown stigma lobes revealed a by far lower 

activity than in whitish, fresh stigma lobes, but most flowers had still other, 

receptive stigma lobes at that time. In opened, bagged flowers excluded from 

visitors and protected against harsh microclimatic conditions, no colour switch of 

the stigma lobes was observed until 2.25 days after flower opening. However, as 

two factors were modified it remains open if the earlier wilting of open stigma lobes 

was caused by pollination or by adversarial microclimate. 

Female flowers were observed to produce nectar (see nectar section) and 

emit scent until the fourth day after flower opening. After six days, various female 

individuals appear still flowering when seen from the distance, but nectar and scent 

production was no more recognizable. In the individual L199, only 5% of the 

flowers were shed at that time, and flowers with at least some receptive stigma 

lobes were still observed. Nine days after flower opening, no more receptive female 

flowers were found, and 50% of the former flowers began to form small fruits 

(Figure 8). At that flowering event, one month after flower opening, 15.8 ± 8.7% 

(mean ± sd) of the former flowers still persisted as fruit set. 
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Figure 8: Ratio of open and functional flowers (anthesis stage #4), swollen (stage #2) or opening 
(stage #3) buds, wilting (stage #5), shed (stage #6), or fruit developing (stage #7) flowers during 
anthesis of female Tapirira guianensis individual L199 (n=20 flowers). See Table 7 for detailed 
anthesis stage characteristics. 

Due to the highly synchronized beginning of anthesis in inflorescences, 

whole individuals and even complete subpopulations, the anthesis behaviour of 

single Tapirira guianensis flowers is immediately noticeable as far as to the 

subpopulation level. Short male and relatively long female floral longevity, together 

with the unpredictability of the flowering events, require therefore effective ways to 

guide pollinators first to male and then to female individuals. 

5.1.3 Sexual and reproductive system 

All Tapirira guianensis individuals with accessible flowers showed a clear dioecious 

sex distribution without hermaphrodite transitions. Sex did not change during the 

observation period in all tree individuals whose sex was known due to flowering. 

The anther number in all analysed male flowers was stable (10) as well as the 

ovule number in all analysed female flowers (1, Table 8). 

Tests for apomixis in four female individuals (L111, L199, L200, L283) with 

bagged inflorescences resulted in no fruit set. Additional tests on open, unbagged 

inflorescences under the condition of natural pollen limitation showed that the 

inflorescences of the female individuals TAW06 (flowering at 02/24/2007 with 
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estimated < 1% of the male population flowering) and TAW09 (flowering at 

03/02/2007 with estimated 1-5% of the male population flowering) revealed that no 

fruits were formed under that conditions. Therefore, pollen transfer from male 

Tapirira guianensis individuals by pollen vectors is thought to be necessary for 

successful fruit set in the observed population. 

 When assuming a 1:1 ratio of female and male Tapirira guianensis flowers, as 

it is the case  in parts of the species’ distribution area like Panama (Ødegaard and 

Frame 2007), the species has a P/O-ratio of 9,341:1 (Table 8). After Cruden (1977), 

this value is typical for obligate xenogamous species. Taking into account the male 

excess at the inflorescence cluster level in the population observed in the present 

study, and assuming similar numbers of inflorescence clusters per tree and 

flowering males and females in that population, the P/O-ratio of Tapirira guianensis 

rises up to 227,920:1. 

Table 8: Number of anthers per flower, pollen grains per anther, ovules per flower, and 
pollen/ovule ratios of Tapirira guianensis 

male 
excess n 

anthers per 
flower 

pollen grains 
per anther 

ovules per 
flower P/O ratio log P/O ratio

1:1 2/20 10 ± 0 934.1 ± 178.12 1 ± 0 9,341:1 ± 1,781.22 3.96 ± 0.089 
24.3:1     227,920:1 5.35 

Means ± sd; n= number of tested tree individuals/total number of samples. 
male excess: the pollen/ovule ratio is given for a theoretical 1:1 ratio of male and female flowers, and 
for the male excess ratio found at the inflorescence cluster level 

5.1.4 Nectar 

In Tapirira guianensis, nectar production by the floral disc was registered in the 

flowers of both tree sexes. Due to the very open nectar presentation, its 

concentration and amount were susceptible to evaporation of the aqueous fraction 

of the nectar caused by oscillations of the relative air humidity and the water 

vapour pressure deficit (VPD). Own measurements of these parameters at the forest 

border revealed that the mean hourly VPD values between 00:00 h and 05:59 h in 

rainy and dry and also between 06:00 and 11:59 h in the rainy season are not 

significantly different, ranging between 260 and 419 Pascal at a relative air humidity 

between 71.7 and 67.4%. However, in the dry season when Tapirira guianensis is 

flowering, the VPD between 06:00 and 11:59 h attained significantly higher hourly 
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mean values of about 1284 Pascal (approx. 4 times higher than at night), at a relative 

air humidity of 54.9% (one-way ANOVA, Bonferroni-post-hoc test). 

Bagged Tapirira guianensis flowers which began to open in the night had next 

morning at about 05:50 h a nominal nectar amount of 2.27 ± 1.67 µl at a 

concentration of 23.1 ± 12.0% (w/w, means ± sd, Table 9). The sampling time 

coincided with sunrise and the first visits, still before the daily increase of the water 

vapour pressure deficit.  

Table 9: Nominal volume, sugar concentration, sugar amount and energy content of floral nectar 
of Tapirira guianensis. Concentration obtained with hand refractometer analysis. Energy 
calculated in sucrose equivalents. 

n 
volume 

[µl] 
C (w/w) 

[%] 
C 

[g·l-1] 

sugar 
amount 

[µg] 

energy 
content 

[J] 
sampling method 

and time 

3/29 
2.27 ± 
1.67 

23.10 ± 
12.03 

260.33 ± 
147.95 

440.89 ± 
208.83 

7.41 ± 
3.51 

opened, bagged 
flowers at time of 

first visits (05:50 h) 
Means ± sd; n= number of tested tree individuals/total number of samples; C: nectar concentration; 
volume, sugar amount and energy content: per-flower values; energy content: originated from 
sugars 

Between 06:00 h and 09:00 h, the period of strongest increase of the VPD, an 

increase of the mean nectar concentration from 30.56% to its highest level of 72.7% 

and a decrease of the mean available nectar volume from 1.72 µl to its lowest level 

of 0.33 µl was registered in female flowers (Figure 9). During the same time, the 

mean available energy offer per flower decreased from 83.1 to 55.7 dJ (Figure 9). 

From ca. 09:00 h on, sugar concentration began slowly to decrease until its final 

concentration of 65.12%. The standing crop nectar volume remained nearly stable 

until 16:50 h, subsequently rising to the final value of 0.84 µl per flower. The 

available energy in single female flowers remained at values of approx. 60 dJ until 

16:50 h and afterwards rose up to 122.01 dJ per flower at 18:00 h. 

Standing crop nectar production observed at 09:00 h in four consecutive days 

in the female individual L199 tended to reach the highest values during the second 

and third day after flower opening, but differences were not significant (Kruskal-

Wallis ANOVA, H(3,N=40)=6.479, p=0.095). Nectar accumulation attempts in 

female Tapirira guianensis flowers over 48 h covered with sandwich paper bags to 

prevent the nectar from evaporation and exploitation resulted in a nectar volume of 

17.9 ± 7.8 µl per flower. 
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Figure 9: Standing crop nectar concentration [%], nectar amount [µl], and energy offer [decijoule] 
per flower (n=10) of Tapirira guianensis in the course of day 02.18.2005 (dry season), individual 
L199 (female border individual). Means ± sd. 

 

Assuming no nectar evaporation in female flowers, and based on the flower 

numbers obtained in the phenological survey for the flowering event on 

02/18/2005, a median nectar volume of 1.96 l, or up to 7.14 l nectar per female tree 

and flowering event can be estimated. The real amount may be lower and depends 

on the current VPD during the flowering event. 

For male Tapirira guianensis individuals, due to the longevity of their flowers 

of approx. one day, the nominal nectar volume (Table 9) was used for that 

calculation. Based on the flower numbers obtained in the phenological survey for 

the flowering event on 02/18/2005, a median nectar volume of 5.09 l, or up to 22.92 

l nectar can be estimated per male tree and flowering event. Comparing both tree 

sexes, the nectar production per flowering event of male trees is clearly higher than 

that of female trees (Mann-Whitney-U=254; p=0.0034). 

The exact number of flowering events per flowering period in Tapirira 

guianensis is hardly predictable (see phenology section). For the research area, 

roughly three major events per year seem to be a feasible estimation, and to 
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calculate the total nectar amount per tree and flowering period, the per-event-value 

has to be enhanced by this factor. 

In terms of the sugar composition, fructose and glucose was found in all 

nectar samples. In few (n=5) samples from male and female flowers, sucrose was 

found in low quantities. The concentrations of fructose (165.1 ± 156.1 g·l-1) and 

glucose (148.05 ± 138.65 g·l-1 , means ± sd, Table 10) were statistically not different. 

The sucrose-hexose ratio was 0.01 (Table 10) and therefore, the nectar can be 

characterized as hexose dominant (Baker and Baker 1983). Comparing the median 

total nectar concentrations of the single samples obtained by HPLC (Table 55) and 

the median single refractometer measurements obtained from the same individual 

at the same time by refractometer analysis (partial data of Table 9), no significant 

difference between the results could be registered (Mann-Whitney U=23, p=0.806). 

Table 10: Floral nectar sugar composition of Tapirira guianensis obtained with HPLC analysis. 

n  Fructose 
[g·l-1] 

Glucose 
[g·l-1] 

Sucrose 
[g·l-1] 

total 
[g·l-1] S/(G+F) 

3/23  
165.14 ± 
156.10 

148.05 ± 
138.65 

3.84 ± 
10.29 

317.04 ± 
298.91 0.01 

 positive samples 23 23 5 23  
n= number of tested tree individuals/total number of samples; positive samples= number of positive 
tested samples.  
S/(G+F)= sucrose-hexose ratio 
 

The individual sugar concentration values of each nectar sample are listed in 

Table 55 (chapter 8, Appendix).  

In the nectar of Tapirira guianensis, four of the 17 identifiable amino acids 

were detected. The total amino acid concentration was 1247.6 ± 1463.3 ng·µl-1 at a 

coefficient of variation (Vc, standard deviation divided by the mean) of 1.17. Of 

these amino acids, proline was the highest concentrated and detected in all 23 

samples (mean concentration of 899.4 ± 983.8 ng·µl-1). Alanine (n=20, 50.8 ± 54.3 

ng·µl-1) and threonine (n=19, 125.2 ± 163.0 ng·µl-1) were further abundant amino 

acids. In single Tapirira guianensis nectar samples (Table 55 and 56), there was a 

significant positive correlation between nectar sugar and amino acid concentration 

(Pearson’s r=0.503, n=23, t=2.670, p=0.014). 

 



 

Table 11: Floral nectar amino acid composition of Tapirira guianensis. 

n  Ala Arg Asp Cys Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Tyr Val total 

3/23  
50.8 ± 
54.3 

- 
- 

- 
- 

172.1 ±
299.3 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

899.4 ±
983.8 

- 
- 

125.2 ±
163.0 

- 
- 

- 
- 

1247.6 ± 
1463.3 

 Vc 1.07 - - 1.74 - - - - - - - - 1.09 - 1.30 - - 1.17 

 pos. samples 20 - - 11 - - - - - - - - 23 - 19 - - 23 

Mean values in ng·µl-1 ± sd. 
 n= number of tested tree individuals/total number of samples; pos. samples= number of positive tested samples; Ala= alanine; Arg= arginine; Asp= aspartic 
acid; Cys= cysteine; Glu= glutamic acid; Gly= glycine; His= histidine; Ile= isoleucine; Leu= leucine= Lys= lysine; Met= methionine; Phe= phenylalanine= Pro= 
proline; Ser= serine; Thr= threonine= Tyr= tyrosine; Val= valine; –= not detected.  
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5.1.5 Floral scent 

Flowers of both Tapirira guianensis tree sexes emitted during their functional phases 

a dull, heavy, not very sweet but still pleasant scent, which can be best described as 

spicy, resinous, slightly musky, and woody, reminiscent partly of boiling beer wort 

and yeast extract. 

Scent emission occurred in both sexes during dawn and daylight, but was 

practically not perceptible in the night. The strongest emission was felt in the 

morning. 

21 chemical compounds could be detected in the floral scent of two 

individuals of Tapirira guianensis, 19 compounds in the male and 11 compounds in 

the female individual. Nine identified compounds occurred in both tree sexes 

(Table 12). The similarity between the male and female scent composition in terms 

of absent or present compounds (Sørensen index) was 0.6. 

All identified components were isoprenoids. Among three unidentified 

compounds, there were two substances of which the compound class was unknown 

in the male individual and one unidentified sesquiterpene in the sampled female 

individual. The three components with the highest relative amounts were α-pinene, 

(E)-ocimene, and β-caryophyllene with approx. 15% each (Table 12). At the level of 

the mean relative amount of compound classes, monoterpenes (70.2%) dominated 

over sesquiterpenes (27.1%) and unindentfied components (2.6%, Figure 22). 

When pooling male and female samples, a tendency towards lower total 

compound amount, lower median sesquiterpene, and higher monoterpene 

composition after 07:00 h was perceptible compared to before 07:00 h. The 

composition shift was particularily caused by the sesquiterpenoid β-caryophyllene, 

which in both sexes between 05:00 and 07:00 h was the compound with the highest 

relative amount (Table 13).  

In a quantification of the scent production, an emission of 5 ng floral scent 

per flower and hour was estimated, which among the dioecious species is in the 

same order of magnitude as in Ocotea glomerata, but less than in Trichilia lepidota 

(Table 12).  



5.1. Tapirira guianensis 
 

54

Table 12: Mean relative amounts of chemical compounds, total compound number, total 
compound amount, and estimated emission rate of the floral scent of Tapirira guianensis. 
Numbers in parentheses inform the number of samples in which the compound was found when 
not detected in all samples. 

Compound class and name 
Mean rel. amount 

female [%] 
Mean rel. amount 

male [%] 
Mean rel. 

amount all [%] 

Isoprenoids       

Homoterpenes       
(E)-4,8-Dimethyl-1,3,7-nonatriene  0.17 (1) 0.09 (1)

Monoterpenoids       
α-Pinene 27.18  4.71  15.95  
Camphene  3.93  1.96 (4)
Sabinene 8.38  3.18  5.78  
β-Pinene 12.93  0.57 (1) 6.75 (5)
Myrcene 1.01 (3) 0.11 (1) 0.56 (4)
Limonene  6.21  3.11 (4)
(Z)-Ocimene 2.21  13.56 (1) 7.89 (7)
(E)-Ocimene 5.35  28.12  16.73  
(E)-Linalool oxide (furanoid)  1.74 (3) 0.87 (3)
Linalool  13.34  6.67 (4)
6-Ethenyldihydro-2,2,6-trimethyl- 
2H-pyran-3(4H)-one  1.21 (3) 0.61 (3)
Borneol  2.73  1.37 (4)
2,6-Dimethyl-1,7-octadien-3,5-diol  3.96  1.98 (4)

Sesquiterpenoids       
β-Caryophyllene 22.58 (3) 10.05  16.31 (7)
α-Guaiene 6.83 (3) 0.57 (1) 3.70 (4)
Guaia-6,9-diene 0.95 (3)  0.47 (3)
unidentified Sesquiterpene 4.94 (3)  2.47 (3)
α-Humulene 7.64 (3) 0.57 (1) 4.10 (4)

Unknowns       
Unidentified compound 1  1.03 (1) 0.51 (1)
Unidentified compound 2  4.25 (3) 2.13 (3)

Total number of compounds 11 19 21
Total amount [µg] 2.86 0.59 1.72
Est. emission [ng·flower-1·h-1] 8.37 1.89 5.13

male individual: L39, n=4 samples; female individual: L199, n=4 samples 
total amount: total mean amount of scent compounds detected in the floral scent samples 
est. emission: estimated scent emission per flower in one hour 
Compounds are ordered first by compound class and then by retention time. 
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Table 13: Time series of the relative amount of β-caryophyllene in the floral scent samples of 
Tapirira guianensis. 
mean beginning time of sampling [h] 05:12 07:25 09:50 13:50 
mean ending time of sampling [h] 07:10 09:35 11:40 15:40 

mean relative β-caryophyllene amount [%] 23.7 4.39 3.33 0.63 
number of samples 4 2 1 1 

total scent compound amount in samples [µg] 2.56 0.86 0.48 0.18 

 

5.1.6 Phenology 

Flowers in the inflorescences of both tree sexes of Tapirira guianensis started 

flowering synchronously. Within one inflorescence, nearly all floral buds were held 

dormant at the same developmental stage. The length of this dormancy stage was 

unpredictable and was observed to last up to 106 days in some tree individuals 

between November 2004 and February 2005 (Figure 33). However, it was 

interrupted by sudden bud swelling, peduncle development, and event-like 

synchronous flowering of mostly all flowers of the inflorescences (Figure 6 a and c). 

The phenological flowering type sensu Gentry (1974) is “pulsed bang” (Figure 33). 

In rare cases, only a small part of the dormant buds began to swell, often 

without peduncle development, and flowered few days synchronously with the 

other swollen flower buds. After anthesis of these portion of buds, the rest of the 

inflorescence continued inactive and dormant for an unpredictable time. 

Until the mid of the flowering period, within one tree often there could be 

found some younger inflorescences. Developing inflorescences which not reached 

the stage of dormancy did still not flower when older, dormant inflorescences 

began to swell and flower their buds. Later on they entered into anthesis when the 

older inflorescences were already wilted and abscised (male individuals), or formed 

already fruits (female individuals), respectively (Figure 5). This and the sometimes 

incomplete flowering of single inflorescences (see previous paragraph) enabled 

repeated flowering of single tree individuals within one flowering season. 

In one flowering event, male tree individuals rarely exceeded three days of 

functionality (i.e., presence of non-wilted, still pollen and nectar offering flowers), 

and from the fourth day on, massive abscission of the wilted flowers began. Female 
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individuals flowered clearly longer, their functionality was observed up to seven 

consecutive days in one event. 

The flowering events occurred between 6-Nov ± 20 d and 4-May ± 4 d (mean 

± sd, n=2, Figure 10) during the middle of the dry season and the beginning of the 

rainy season (Figures 2 and 33).  

1-Jul 30-Aug 30-Oct 30-Dec 1-Mar 1-May 1-Jul

2004/2005

2003/2004

 

Figure 10: Flowering periods of Tapirira guianensis. Within these periods, single isolated 
flowering events occurred, and dormant flower buds were kept ready to flower by the tree 
individuals. 

When aligning the daily precipitation data with the observed flowering 

events of the tree individuals, every event (where two or more individuals entered 

into flowering) turned out to be preceded by a clear rainfall event approx. 10 to 11 

days before. This is displayed exemplary in Figure 11 for the flowering season 

2003/2004. 

In total, during the flowering seasons of 2003/2004, 2004/2005, and 

2006/2007, 19 flowering events were observed where two or more trees entered 

synchronously into flowering (Table 14). In such events, male and female trees 

became synchronously functional due to the same triggering time. However, due to 

the higher longevity of the female Tapirira guianensis flowers (see anthesis section), 

female trees were longer receptive (6-7 days). 

Table 14: Parameters of flowering triggering by rainfall in Tapirira guianensis in the flowering 
seasons of 2003/2004, 2004/2005, and 2006/2007 

parameter value 

observed flowering events with two or more flowering 
trees 

n=19 

mean time from triggering to flowering [d] ± sd 10.8 ± 1.03 
range [d] 9-13 
test of deviation from normal distribution Shapiro-Wilk W=0.92130; p=0.119 

 



5.1. Tapirira guianensis 
 

57

Due to the unpredictability of the flowering events, reliability of the floral 

resources for the floral visitors is limited in Tapirira guianensis. Flowering occurred 

in all years of observation, however, number and time of the flowering events were 

uncertain. 
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Figure 11: Precipitation events and onset of flowering in Tapirira guianensis individuals during the flowering season 2003/2004. Line: daily precipitation 
height in mm. Hatched bars: flowering event showing the number of surveyed individuals which began to flower.  
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5.1.7 Floral visitors 

Floral visitors on Tapirira guianensis showed a clear diurnal activity, 

beginning about 15-30 minutes before sunrise. Behavioural patterns of visitor on 

male individuals included nectar consumption, pollen collection, and pollen 

feeding. On pollen-less female individuals, it was restricted to nectar consumption, 

and presumably pollen locating attempts. The noticeable reduction of the standing 

crop nectar amounts from about 09:00 h (Figure 9) coincided with a strongly 

reduced floral visitor activity from that time on, and after the second day of 

flowering onset, in male individuals no significant visitor activity was registered 

anymore. 

Altogether, 259 insect specimens were captured in 27 collection events on 

flowers of Tapirira guianensis, belonging to 107 insect morphospecies (Table 57, 

appendix). Of these morphospecies, 12 (11.2%) were captured on both tree sexes at 

relatively high abundances and are thought to have therefore an increased 

likelihood to be the pollinators of Tapirira guianensis (Table 16). The captured 

specimens of these 12 morphospecies represent 43.2% of all captured floral visitors. 

Among them, two relatively similar coccinelid beetle morphospecies (# 209 and 

256) were frequently captured on both tree sexes, as well as the bee species Apis 

mellifera, Plebeia flavocincta, and Tetragonisca angustula (Table 16).  

Estimation of the total richness of floral visitor species for Tapirira guianensis 

resulted in about 254 species, which means that the sampling efficiency was 46% 

(Table 15). 

Table 15: Estimations of the total number of floral visitor species expected to occur on Tapirira 
guianensis, computed by EstimateS 8.0.0 (Colwell 2005), and sample efficiency values for each 
estimation approach. 

sampled 
species ACE ICE Chao 1 Chao 2 Jack 1 Jack 2 

Boot-
strap 

Michaelis
- Menten Mean 

107 253 383 236 308 185 245 139 279 254 
efficiency: 43% 28% 46% 35% 58% 44% 78% 39% 46% 

 

No species or visitor group clearly dominated the floral visitor spectrum. 

Considering the number of captures in each floral visitor group, most captures were 

made in medium-sized bees and beetles, besides flies, large bees, and wasps (Figure 
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35, Table 57). Among all sampled tree species, the highest capture ratio of beetles 

was attained in Tapirira guianensis (Figure 35). Therefore, the floral visitor spectrum 

was categorized as generalist, or generalist with beetles sensu Gottsberger and 

Silberbauer-Gottsberger (2006). 

The tree species that reached the highest number (29) of shared visitor 

species with Tapirira guianensis was Ocotea glomerata (Table 48), which were 27% of 

the visitor species occurring on Tapirira guianensis (Table 49). None of these 

overlapping species reached very high abundances both in Tapirira guianensis and in 

Ocotea glomerata. The overlap with Sclerolobium densiflorum in terms of species 

numbers was minor, however, among those overlapping species, three bee species 

(Apis mellifera, Trigona spinipes, and Plebeija flavocincta) were captured seven or more 

times on both tree species (Tables 57 and 60).  

The median size of the sampled insects was 4.2 mm, ranging from 0.8 to 17 

mm (Figure 34). 
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Table 16: Insect species and morphospecies captured on flowers of Tapirira guianensis, that 
occurred overlapping on both tree sexes 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f

Coleoptera       

Coccinellidae       
 Coccinellidae sp. 1 209 2 5 6 11 
 Coccinellidae sp. 2 256 2 9 8 17 
unidentified 
Coleoptera       
 Coleoptera sp. 24 231 2.5 1 1 2 
Diptera       

unidentified Diptera       
 Diptera sp. 1 67 2.2 1 1 2 
 Diptera sp. 4 70 7 3 1 4 
Hemiptera       

Auchenorrhyncha       
 Auchenorrhyncha sp. 6 271 2 9 3 12 
Apoidea       
 Apis mellifera 2 13 5 6 11 
 Augochloropsis sp. 3 16 8.5 1 2 3 
 Melipona scutellaris 10 13 1 4 5 
 Plebeia flavocincta 17 4.5 5 12 17 
 Plebeia sp. 3 25 4.5 2 1 3 
 Tetragonisca angustula 8 4.2 20 5 25 
       
Total number of overlapping morphospecies  12  

* “wasps”: Apocrita without Apoidea and Formicoidea; size: body length; f: number of captures in 
female tree individuals; m: number of captures in male tree individuals; m+f: sum of captures in 
female and male tree individuals. See Table 57 for a complete list including all 107 overlapping and 
non-overlapping insect species (appendix). 
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5.2 Floral biology, phenology and floral visitors of Ocotea 

glomerata 

5.2.1 Morphology 

In the study area, the observed Ocotea glomerata individuals had a dioecious sex 

expression. During the whole observation time, no tree was observed to change the 

sex. The flowers of both tree sexes are organized in axillary thyrses, which in turn 

are grouped in inflorescence clusters near to the apex of the branches. These 

branches continue their growth during the flowering and fruit ripening period. 

Dichasia are the elementary compounds of the partial inflorescences of the thyrses 

and are agglomerated at the distal end of these partial inflorescences. 

When seen from a distance, male and female inflorescences have a yellow 

orange appearance (colour value 4-5 A 6, Kornerup and Wanscher 1981). 

Male inflorescence clusters had a median number of four inflorescences and 

a mean number of 817 ± 416.7 flowers. Male inflorescences are tapering and have a 

mean length of 19.14 ± 7.02 cm, a mean width of 7.41 ± 3.56 cm at their widest 

diameter, and a mean number of 214 ± 82.7 (mean ± sd) flowers. Especially the 

larger, proximal partial inflorescences of male inflorescences are often secondarily 

ramified (Figure 12). 

Female inflorescence clusters of Ocotea glomerata have a median number of 3 

inflorescences, but not significantly less than male inflorescence clusters. The 

inflorescences of female trees had a mean length of 10.96 ± 3.68 cm and a mean 

width of 3.55 ± 1.07 cm (mean ± sd), dimensions which are highly significant 

smaller compared with male inflorescences (t=6.238 and 6.734; p<0.001 and p<0.001, 

respectively). Additionally, they taper only very slightly and show almost no 

secondary ramification, giving them a raceme-like appearance when seen from a 

distance. Median flower number per inflorescence (62.2 flowers) and mean flower 

number per inflorescence cluster (219.7 ± 48.1 flowers, mean ± sd) were also 

significantly lower in the tested female individuals. The male over female flower 

excess, at the level of inflorescence clusters, was 3.7:1 ± 1.9 (mean ± sd, Figure 18). 
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Figure 12: Herbarium specimens of Ocotea glomerata, showing sexually dimorphic floral display 
at the level of the inflorescence cluster. Left image: inflorescence cluster of the female individual 
L222; right image: inflorescence cluster of the male individual L45. Scale bars: 7 cm. 

Ocotea glomerata flowers of both sexes are small (diameter about 3-4 mm), 

bowl-shaped, actinomorphic, and trimerous. The perigon is composed of two 

whorls of tomentose erected tepals. Two external whorls of stamens with introrse 

and one internal whorl of stamens with extrorse anthers form the androecium. At 

the base of each internal stamen insert two glands. They form a ring at the base 

between the internal and external stamens, which can be interpreted as the floral 

nectary. Beside the gap between the internal and external stamens, there is no 

structure that obstructs the nectar access. Each anther has four half-thecae with 

elliptical valves, which dehisced only in the flowers of male individuals. Only in 

that individuals, the anther thecae contained pollen, which is presented at the 

former inner side of the erected valves (Figure 13) 

Single flowers of each sex appear clear to orange yellow in the front view (4 

A 5-6, Figure 13). Tepal outsides are orange yellow (4 A 6), tepal insides pale yellow 

(4 A 3), and nectaries of recently opened flowers yellow (3 A-B 8). Stigma vestiges 

in male flowers are olive yellow (2-3 C 8) and become soon olive brown (4 F 8), as 

also occurring to the nectaries in the flowers of both sexes. Receptive stigmata of 
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female flowers appear yellowish white (3 A 2; colour values according to Kornerup 

and Wanscher 1981). 

The gynoecium is formed by a pistil, which is unilocular and contains one 

ovule in female flowers. 

 
Figure 13: Male (a, b) and female (c, d) flowers of Ocotea glomerata. Flowers in the SEM 
micrographs (b and d) were cut longitudinally for better visualization. Scale bars: 1 mm. 
Photograph c) by U. Knörr. 

Comparing the dimensions of morphologic parameters between open 

flowers of male and female Ocotea glomerata individuals, male flowers were 

significantly larger in all parameters. The most pronounced dimorphisms were 

registered concerning median flower diameter (male: 4.23 mm vs. female: 2.97 mm, 

Mann-Whitney U=9.0; p<0.001), mean stamen length (male: 1.77 mm vs. female: 

1.09 mm, t=12.476; p<0.001), and mean pistil height (male: 1.59 mm vs. female: 1.27 

mm, t=9.553; p<0.001). Despite of the lower pistil height in female individuals 

compared with male individuals, the female pistils and stigmata were overtopping 

the surrounding anthers because of their significantly greater height. In turn, the 

stamens with their anthers were significantly higher than the pistillodes in the 

flowers of male Ocotea glomerata individuals. 
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Direct access to the nectaries in recently opened flowers was slightly 

obstructed by a gap between the anthers of the internal and the two external stamen 

whorls. This anther distance was significantly higher in male flowers (0.46 mm) 

than in female (0.33 mm; t=4.004; p<0.001), however, the lower pistil and anther 

height in female flowers facilitate the nectar access to a certain degree. Additionally, 

the anther valves in male flowers tend to close with ongoing anthesis and obstruct 

later totally the access to the nectaries. 

The stigma is not divided into lobes, nearly circular shaped and has a mean 

area of 0.20 mm2 in female flowers.  

Summarizing the floral morphological traits of Ocotea glomerata, its 

pollination syndrome sensu Faegri and van der Pijl (1971) can best described as a 

generalist syndrome. 

5.2.2 Anthesis 

The anthesis stages of Ocotea glomerata can be divided into seven stages in female 

and six stages in male individuals, as shown in Table 17. 

Table 17: Anthesis stages of Ocotea glomerata flowers. 

anthesis 
stage # situation of female flowers situation of male flowers 

1 maturing flower bud maturing flower bud 

2 contouring of the outer tepals contouring of the outer tepals 

3 tepal separation and flower opening with 

occasional nectar production 

tepal separation and flower opening with 

occasional nectar production, anther valves 

closed 

4 open, nectar and scent producing with 

receptive stigma; stigma and nectar 

glands yellowish 

open, nectar and scent producing, anther 

valves upright opened, pollen presenting, 

stigma in most cases already brownish-

black, nectar glands yellowish 

5 stigma and nectar gland colour switching 

to brown and black, termination of nectar 

production and stigma receptivity 

wilting and lowering of pollen-less anther 

valves, nectar gland colour switching to 

brown, termination of nectar production 

6 abortion of flower or abortion of flower 

7 beginning of cupule swelling, wilting of 

the tepals, further fruit development 
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Inflorescences of both tree sexes include flower buds and flowers of all 

anthesis stages at the same time, except for immature or old withering 

inflorescences (see phenology chapter). The terminal flowers of the thyrses and 

their partial inflorescences are the first which enter into anthesis. Mature female 

flower buds short before tepal separation (between anthesis stage #2 and #3) have a 

diameter of 2.3 ± 0.11 mm, and male buds a diameter of 2.6 ± 0.35 mm (mean ± sd). 

At the beginning of anthesis stage #3, nectar leaked occasionally between the tepals. 

Flower opening was observed to occur continuously at any time. Floral scent 

production was weak and relatively constant, except for the time between 16:00 and 

18:00 h, when the scent emission appeared to be slightly stronger. 

Male flowers that were marked at the beginning of flower opening (n=22, 

between anthesis stage #2 and #3) have a maximum longevity of 171 hours. After 

100 hours, more than 50% of the marked male flowers were shed. First flower 

abscission was observed after 52 hours (Figure 14). Three flowers (14%) did not 

open due to infestation by parasites, and 8 further flowers (36%) did not reach 

anthesis stage #4 due to unknown reasons. 

 Pollen and nectar presentation (stage #4) was registered soonest 21 hours 

after beginning of flower opening. Fourty four hours after opening, from all male 

flowers that were observed to reach that stage #4 (n=11), 46% were already 

functional. The median duration between flower opening and onset of functionality 

was 52 hours. In a period of sixteen hours between 52 hours and 68 hours after 

tagging, 90.9% of that flowers were observed to be functional. Male flower 

functionality was lost until 121 hours after tagging (Figure 14). The median 

observed duration of functionality in single male flowers was 25 hours, ranging 

from 18 to 71 hours.  

75% of the marked female flowers (n=8) were still found adhered to their 

inflorescences 155 hours after marking at the beginning of flower opening. 62.5% 

showed slight signs of fruit development (swelling cupulae), and 12.5% appeared 

still without that signs. Shedding of female flowers was already observed sixteen 

hours after marking. 
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Figure 14: Ratio of open and functional flowers (anthesis stage #4), tepal contouring (stage #2) or 
opening (stage #3) buds, wilting (stage #5), or shed (stage #6) flowers after opening of Ocotea 
glomerata flowers of male individual L46 (n=22 flowers). See Table 17 for detailed anthesis stage 
characteristics. 

Of all marked female flowers, 75% reached the anthesis stage #4 (nectar 

presenting and with receptive stigmata). Of these flowers, 86% were observed to be 

receptive sixteen hours after flower opening. The median duration between flower 

opening and onset of functionality was 16 hours, significantly less than observed in 

male flowers (Mann-Whitney-U= 10; p=0.01). 45 hours after flower opening, first 

signs of stigma senescence (small black dots) as well as brownish stigmata were 

visible in some flowers, but other flowers still were functional at that time. 71 hours 

after tagging, no female Ocotea glomerata flower was found to be receptive and 

nectar presenting (Figure 15). The median observed duration of functionality in 

single female flowers was 29 hours, ranging from 26 to 55 hours, not significantly 

different than the observed duration in male flowers (Mann-Whitney-U= 23; 

p=0.16).  
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Figure 15: Ratio of open and functional flowers (anthesis stage #4), tepal contouring (stage #2) or 
opening (stage #3) buds, wilting (stage #5), shed (stage #6), or fruit developing (stage #7) flowers 
during anthesis of female Ocotea glomerata individual L49 (n=8 flowers). See Table 17 for 
detailed anthesis stage characteristics. 

In Ocotea glomerata, the anthesis behaviour appears to be quite similar 

between the two tree sexes, especially in terms of the duration of the fertile anthesis 

stage #4. Due to the consecutively, asynchronous flowering onset of single Ocotea 

glomerata flowers, the anthesis behaviour of single flowers is already blurred at the 

inflorescence level.  

5.2.3 Sexual and reproductive system 

All Ocotea glomerata individuals with accessible flowers showed a clear dioecious 

sex distribution without hermaphrodite transitions. Sex did not change during the 

observation period in all tree individuals whose sex was known due to flowering. 

The anther number in all analysed male flowers was stable (6 external and 3 

internal) as well as the ovule number in all analysed female flowers (1, Table 18) 

Tests for apomixis in three female individuals (L48, L52 and L108) with 

bagged inflorescences resulted in no fruit set. Therefore, pollen transfer from male 

Ocotea glomerata individuals by pollen vectors is necessary for successful fruit set in 

the observed population. 
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When assuming a 1:1 ratio of female and male Ocotea glomerata, the species 

has a P/O-ratio of 7898:1 (Table 18). After Cruden (1977), this value is typical for 

obligate xenogamous species. Considering the male excess observed in Ocotea 

glomerata at the inflorescence cluster level, and assuming similar numbers of 

inflorescence clusters per tree and flowering males and females in that population, 

the P/O-ratio rises up to 29,223:1.  

Table 18: Number of anthers per flower, pollen grains per anther, ovules per flower, and 
pollen/ovule ratios of Ocotea glomerata.  

male 
excess n 

anthers per 
flower 

pollen grains 
per anther 

ovules per 
flower P/O ratio log P/O ratio

1:1 
2/10 

6 ± 0 (external) 
3 ± 0 (internal) 
9 ± 0 (total) 

935.5 ± 187.91 
761.7 ± 165.24 
877.6 ± 162.89 

1 ± 0 7,898:1 ± 1,459.70 3.89 ± 0.076 

3.7:1     29,223:1 4.46 
Means ± sd; n= number of tested tree individuals/total number of samples. 
male excess: the pollen/ovule ratio is given for a theoretical 1:1 ratio of male and female flowers, and 
for the male excess ratio found at the inflorescence cluster level 
 

5.2.4 Nectar 

In Ocotea glomerata, nectar was found in the flowers of both tree sexes. It was 

observed to accumulate on the ring of six glands which insert at the base of the 

internal stamens and was relatively easy to access. The observed nectar amounts on 

and beside these glands were very low with a very small standing crop nectar 

volume of approx 0.1 µl in open flowers at 17:00 h. However, small insects, 

especially flies, were observed to exploit even these nectar amounts. Single male 

flowers from 24 h bagged inflorescences attained nectar concentrations after one 

day of accumulation in situ of 49.1 ± 4.94% (w/w), at a volume 0.84 ± 0.49 µl (means 

± sd, Table 19). These nectar amounts permitted to measure the concentration in the 

field by hand refractometer, when the nectar contents of 2 or 3 flowers were 

combined after volume determination.  

Based on the mean numbers of flower buds per tree and flowering period 

obtained in the phenological survey and the mean nectar volume per flower after 

one day of accumulation (Table 19), a median nectar volume of 0.034 l, or up to 1.26 

l nectar per male adult Ocotea glomerata individual and flowering period can be 

estimated. 
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Table 19: Volume, sugar concentration, sugar amount and energy content of floral nectar of 
Ocotea glomerata. Concentration obtained with hand refractometer analysis. Energy calculated in 
sucrose equivalents. 

n 
volume 

[µl] 
C (w/w) 

[%] 
C 

[g·l-1] 

sugar 
amount 

[µg] 

energy 
content 

[J] sampling method and time 

2/17 
0.84 ± 
0.49 

49.05 ± 
4.94 

603.71 ± 
75.16 

504.34 ± 
289.38 

8.47 ± 
4.86 

at 15:00 after 24 h 
inflorescence bagging 

Means ± sd; n= number of tested tree individuals/total number of samples; C: nectar concentration; 
volume, sugar amount and energy content: per-flower values; energy content: originated from 
sugars 

 

Single male flowers from the same bagged inflorescences used for nectar 

sugar determination in Table 19 were analysed in terms of their sugar composition. 

Sucrose was the only sugar detected, consequently, the sucrose-hexose ratio was 

indefinite (Table 20) and the nectar of Ocotea glomerata sucrose dominated after 

Baker and Baker (1983). The sucrose and total nectar concentration was 439.58 ± 

182.45 g·l-1 (mean ± sd), not significantly different from the single measurements 

obtained from the same individual at the same time by refractometer analysis 

(Student’s t-test; t=1.388, p=0.22) 

Table 20: Floral nectar sugar composition of Ocotea glomerata obtained with HPLC analysis. 

n  Fructose 
[g·l-1] 

Glucose 
[g·l-1] 

Sucrose 
[g·l-1] 

total 
[g·l-1] S/(G+F) 

1/5  
0.00 

- 
0.00 

- 
439.58 ± 
182.45 

439.58 ± 
182.45 ∞ 

 pos. samples - - 5 5  
Means ± sd; n= number of tested tree individuals/total number of samples; pos. samples= number 
of positive tested samples.  
S/(G+F)= sucrose-hexose ratio 

 

The individual sugar concentration values of each nectar sample are listed in 

Table 55 (chapter 8, Appendix). 

In terms of amino acid composition, eight of the 17 identifiable amino acids 

were registered in the nectar of Ocotea glomerata. The total amino acid concentration 

was 1,882.9 ± 513 ng·µl-1 at a coefficient of variation of 0.27 (Table 21). Most 

abundant amino acids were proline and threonine present in all of the samples 

(n=5), and alanine and arginine present in four of five samples. Glycine and serine 

were only registered in one sample. The highest concentration was registered for 
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proline with 1,176.0 ± 336 ng·µl-1  (mean ± sd), followed by threonine and cysteine 

(Table 21). 

The individual amino acid concentration values of each nectar sample are 

listed in Table 56. In single Ocotea glomerata nectar samples (Table 55 and 56), 

there was no significant correlation between nectar sugar and amino acid 

concentration. 

 



 

Table 21: Floral nectar amino acid composition of Ocotea glomerata. 

n  Ala Arg Asp Cys Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Tyr Val total 

1/5  
59.1 ± 
56.1 

43.5 ± 
33.2 

- 
- 

332.9 ±
309.7 

- 
- 

13.2 ±
29.6 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

24.7 ±
45.1 

1176.0 ± 
366.0 

0.5 ± 
1.1 

233.0 ±
75.3 

- 
- 

- 
- 

1882.9 ± 
513.1 

 Vc 0.95 0.76 - 0.93 - 2.24 - - - - - 1.82 0.31 2.24 0.32 - - 0.27 

 pos. samples 4 4 - 3 - 1 - - - - - 2 5 1 5 - - 5 

Mean values in ng·µl-1 ± sd. 
Vc= coefficient of variation (standard deviation·mean-1) 
 n= number of tested tree individuals/total number of samples; pos. samples= number of positive tested samples; Ala= alanine; Arg= arginine; Asp= aspartic 
acid; Cys= cysteine; Glu= glutamic acid; Gly= glycine; His= histidine; Ile= isoleucine; Leu= leucine= Lys= lysine; Met= methionine; Phe= phenylalanine= Pro= 
proline; Ser= serine; Thr= threonine= Tyr= tyrosine; Val= valine –= not detected.  
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5.2.5 Floral scent 

Flowers of both sexes of Ocotea glomerata emitted a weak scent during their 

functional phases. Without headspace accumulation, the odour was perceptible for 

the human nose if at all only between 16:00 and 18:00 h. Accumulated scent had a 

lemon-like note, reminiscent of musty, ground lemon grass leaves (Cymbopogon sp.). 

16 chemical compounds could be detected in the floral scent of two Ocotea 

glomerata individuals, 11 compounds in the male and 15 in the female individual 

(Table 20). The male and female individuals had 10 compounds in common, and 

their similarity at the scale of absence or presence of compounds (Sørensen index) 

was 0.77. Among the non-overlapping substances, only β-pinene was exclusive for 

the male individual, whereas the other were exclusive for the sampled female 

individual.  

The substances with the highest relative amounts were (E)-ocimene, 

limonene, and (Z)-ocimene. The last two compounds are known for their lemon-like 

odour (Acree and Arn 2004). At the level of the mean relative amount of compound 

classes, monoterpenes (82.7%) dominate over sesquiterpenes (15.1%) and 

benzenoids (1.1%, Figure 22). 

Coinciding with the strongest perceptible scent emission between 16:00 and 

18:00 h, the strongest attraction of small Diptera to the flowers of Ocotea glomerata 

was observed at that time. Consecutive floral scent samples taken in the male 

individual L221 from 12:00 to 17:00 h show a continuous increment of the relative 

limonene amount until being the substance with the highest relative amount 

between 16:00 and 17:00 h (Table 23).  

In a quantification of the scent production, an emission of 7.9 ng floral scent 

per flower and hour was estimated. Among the dioecious species this is in the same 

order of magnitude as in Tapirira guianensis, but less than in Trichilia lepidota. 
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Table 22: Mean relative amounts of chemical compounds, total compound number, total 
compound amount, and estimated emission rate of the floral scent of Ocotea glomerata. Numbers 
in parentheses inform the number of samples in which the compound was found when not 
detected in all samples.  

Compound class and name 
Mean rel. amount 

female [%] 
Mean rel. amount 

male [%] 
Mean rel. 

amount all [%] 
       

Benzenoids    

Methyl salicylate 0.60 (1) 1.33 (3) 1.09 (4)

Isoprenoids     

Homoterpenes     

(E)-4,8-Dimethyl-1,3,7-nonatriene 0.30 (1) 1.21 (3) 0.91 (4)

Monoterpenoids     

α-Pinene 2.06  1.72 (3) 1.83 (5)
β-Pinene  1.05 (3) 0.70 (3)
Limonene 2.06  31.69  21.81  
(Z)-Ocimene 5.29  7.46 (3) 6.74 (5)
(E)-Ocimene 62.95  44.91 (3) 50.92 (5)
Linalool 2.06   0.69 (2)

Sesquiterpoids     

unknown Sesquiterpene 1 1.76   0.59 (2)
β-Bourbonene 0.29  0.96 (2) 0.74 (4)
unknown Sesquiterpene 2 2.92   0.97 (2)
β-Caryophyllene 3.52  4.07 (3) 3.89 (5)
unknown Sesquiterpene 3 1.76   0.59 (2)
Germacrene D 11.50  3.92 (3) 6.45 (5)
(E,E)-α-Farnesene 2.35  1.67 (3) 1.90 (5)

N-containing compounds     

Indole 0.60 (1)  0.20 (1)

Total number of compounds 15 11 16
Total amount [µg] 0.11 0.73 0.52
Est. emission [ng·flower-1·h-1] 3.05 10.4 7.93

male individual: L221, n=4 samples; female individual: L108, n=2 samples 
total amount: total mean amount of scent compounds detected in the floral scent samples 
est. emission: estimated scent emission per flower in one hour 
Compounds are ordered first by compound class and then by retention time. 

 

Table 23: Time series of the relative amount of limonene in the floral scent samples of Ocotea 
glomerata. 
mean beginning time of sampling [h] 12:08 13:10 14:11 16:00 
mean ending time of sampling [h] 13:26 14:15 15:12 17:10 

mean relative limonene amount [%] 2.12 7.12 9.74 100 
number of samples 2 1 2 1 

total scent compound amount in samples [µg] 1.25 0.44 0.09 0.01 
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5.2.6 Phenology 

Flowers in the inflorescences of both tree sexes in Ocotea glomerata did not start 

flowering simultaneously (see Figure 13 c). Within one thyrse, very different 

developmental stages of flower buds were present when the first flower opened 

(always the primary flower of the dichasia). At that time, the buds of the two 

secondary flowers were still closed but already well distinguishable, however, the 

four tertiary flowers, and the primordia of the eight quarternary flowers were still 

covered with bracts. Therefore, the highest theoretically ratio of open flowers at 

flowering onset was limited in Ocotea glomerata to 6.67% (=1/15). In this kind, the 

flowering of single Ocotea glomerata inflorescences proceeded as an elongate 

process, with relatively few open flowers at the same time. The maximal number of 

simultaneously open flowers was reached approximately during the anthesis of the 

tertiary flowers. Of the quarternary flower buds, not all became mature and 

flowered. 

Within the inflorescence clusters, the more proximal, basal inflorescences 

began to flower few days earlier than the distal ones. Therefore, the younger 

inflorescences were still flowering when anthesis in the older ones was already 

completed. In this kind, Ocotea glomerata flowered continuously with a broad peak 

(generally two peaks in male individuals) over several weeks (Figure 33), offering 

in both male and female individuals a constant, reliable source of floral resources 

for its pollinators. Therefore, relatively low effort was expected to be necessary for 

pollinator guiding from male to female individuals. 

Duration and beginning of the flowering period in Ocotea glomerata showed 

larger differences between female and male individuals. Flowering occurred in 

male individuals between 15-Apr ± 11 d and 2-Nov ± 36 d, lasting for 200 ± 46 days, 

and in female individuals between 6-May ± 47 d and 12-Aug ± 45 d, lasting for 98 ± 

17.4 days (means ± sd, n=3, Figure 16) during the rainy season (Figures 2 and 33). 

The duration of the female flowering periods was significantly shorter than the 

male ones (t=3.625, p=0.022, n=3). Within their flowering period, male individuals 

had generally two peaks of flowering intensity: one before, and one after the rainfall 

maximum in July. However, female individuals were observed to have their 
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flowering activity either before and during (2003, 2004) or after (2005) the rainfall 

maximum (Figure 16). 

1-Jan 1-Mar 1-May 1-Jul 31-Aug 31-Oct 31-Dec

2005 male

2004 male

2003 male

2005 female

2004 female

2003 female

 
Figure 16: Flowering periods in the observed male and female Ocotea glomerata individuals. 

 

5.2.7 Floral visitors 

Floral visitors on Ocotea glomerata showed a clear diurnal activity, beginning about 

15-30 minutes before sunrise. Behavioural patterns of visitors on both tree sexes 

included principally nectar consumption, even on flowers that just started to 

separate their tepals. Small Diptera species were observed to patrol in the afternoon 

about 0.5-1 m beside the inflorescences, and rested massively on the flowers 

between 16:00 and 18:00 h, among others for nectar consumption. Individuals of a 

small tephridid dipter (morphospecies # 68) fulfilled conspicuous display 

movements with their showy wings on inflorescences, but also on the tree stem. On 

flowers of male individuals, pollen collection by medium-sized bee species was 

registered occasionally. 

Altogether, 411 insect specimens were captured in 30 collection events on 

flowers of Ocotea glomerata, belonging to 153 insect morphospecies (Table 58, 

appendix). Estimation of the total richness of floral visitor species for Ocotea 

glomerata resulted in about 346 species, which means that the sampling efficiency 

was 47% (Table 24). 
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Table 24: Estimations of the total number of floral visitor species expected to occur on Ocotea 
glomerata, computed by EstimateS 8.0.0 (Colwell 2005), and sample efficiency values for each 
estimation approach. 

sampled 
species ACE ICE Chao 1 Chao 2 Jack 1 Jack 2 

Boot-
strap 

Michaelis
- Menten Mean 

153 369 444 314 436 258 341 196 411 346 
efficiency: 41% 34% 49% 35% 59% 45% 78% 37% 47% 

 

Of these morphospecies, 30 (19.6%) were captured on both tree sexes at 

relatively high abundances and are thought to have therefore an increased 

likelihood to be the pollinators of Ocotea glomerata (Table 25). The captured 

specimens of these 30 morphospecies represent 35.4% of all captured floral visitors. 

Among them, small and medium-sized Diptera species clearly dominated the floral 

visitor spectrum whereas bees or beetles played no important role neither as 

visitors nor as potential pollinators (Figure 35, Table 25). Therefore, the floral visitor 

spectrum was categorized as fly dominated. 

The tree species that reached the highest number (29) of shared visitor 

species with Ocotea glomerata was Tapirira guianensis (Table 48), which were 19% of 

the visitor species occurring on Ocotea glomerata (Table 49). None of these 

overlapping species reached high abundances both in Ocotea glomerata and in 

Tapirira guianensis. Male Ocotea glomerata individuals shared with Sclerolobium 

densiflorum and Eschweilera ovata the medium sized bee Trigona spinipes as frequent 

floral visitors, and additionally with Sclerolobium densiflorum and Trichilia lepidota, a 

dipter species (morphospecies #67; see Tables 58, 59, and 60). 

The median size of the floral visitors was 2.2 mm, ranging from 0.5 to 13.5 

mm (Figure 34). 
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Table 25: Insect species and morphospecies captured on flowers of Ocotea glomerata, that 
occurred overlapping on both tree sexes 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f

Diptera       

Tephritidae       
 Tephritidae sp. 1 68 4 5 5 10 
unidentified Diptera      
 Diptera sp. 1 67 2.2 9 26 35 
 Diptera sp. 3 69 1.8 1 19 20 
 Diptera sp. 4 70 7 1 3 4 
 Diptera sp. 5 71 8 5 8 13 
 Diptera sp. 6 72 2 2 3 5 
 Diptera sp. 7 73 1.3 4 2 6 
 Diptera sp. 8 74 2 16 24 40 
 Diptera sp. 9 75 1.3 2 10 12 
 Diptera sp. 11 77 2.1 1 1 2 
 Diptera sp. 14 80 2 2 9 11 
 Diptera sp. 20 86 5.5 1 2 3 
 Diptera sp. 21 87 4 7 2 9 
 Diptera sp. 45 111 3 1 1 2 
 Diptera sp. 46 112 5.5 1 2 3 
 Diptera sp. 47 113 4.5 1 2 3 
 Diptera sp. 69 135 9.5 1 2 3 
 Diptera sp. 73 139 6 2 1 3 
 Diptera sp. 77 143 6.5 1 1 2 
 Diptera sp. 95 161 4.5 2 2 4 
 Diptera sp. 96 162 1 3 9 12 
 Diptera sp. 105 171 2.5 1 1 2 
 Diptera sp. 111 177 1.3 1 1 2 
 Diptera sp. 113 179 1 1 5 6 
Heteroptera       

Miridae       
 Miridae sp. 5 40 3 1 1 2 
Hymenoptera      

unidentified Apocrita*       
 Apocrita sp. 3 299 2 1 1 2 
 Apocrita sp. 5 301 2.2 1 1 2 
 Apocrita sp. 17 313 1.2 1 1 2 
Formicoidea       
 Camponotus sp. 3 46 4.5 1 1 2 
 Pseudomyrmex sp. 3 47 6.5 2 1 3 
       
Total number of overlapping morphospecies   30  

* “wasps”: Apocrita without Apoidea and Formicoidea; size: body length; f: number of captures in 
female tree individuals;  m: number of captures in male tree individuals; m+f: sum of captures in 
female and male tree individuals. See Table 58 for a complete list including all 153 overlapping and 
non-overlapping insect species (appendix). 
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5.3 Floral biology, phenology and floral visitors of Trichilia 

lepidota 

5.3.1 Morphology 

Trichilia lepidota showed a dioecious sex expression in the observed tree individuals, 

and no individual was registered to change the sex. The flowers of both sexes are 

organized in axillary, loose, slightly tapering thyrses, which are grouped in 

inflorescence clusters near to the apex of the branches. In both sexes, the apical 

growth of theses branches was decelerated during the flowering period, giving the 

inflorescences a practically terminal position.  

Seen from a distance, the inflorescences of both sexes appear greenish-white 

(colour value 30 A 2, Kornerup and Wanscher 1981). 

 
Figure 17: Sexually dimorphic floral display at the inflorescence cluster level in Trichilia lepidota. 
a: inflorescence cluster of the male individual L102, with Mechanitis lysimnia imbibing nectar ; b: 
inflorescence cluster of the female individual L116.  Scale bars: 2 cm. 

For male inflorescence clusters, a mean number of 3.4 ± 0.98 inflorescences 

and a mean flower number of 578 ± 191 flowers was registered. Male inflorescence 

had a mean length of 12.15 ± 4.06 cm (mean ± sd) and a median of 137 flowers.  
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Female inflorescence clusters of Trichilia lepidota had a mean number of 3.7 ± 

0.81 inflorescences, not significantly different than registered in male inflorescence 

clusters. The inflorescences of female trees had a mean length of 10.7 ± 2.97 cm 

(mean ± sd) which tended to be less than in male inflorescences. Median flower 

number per inflorescence (32.5 flowers; Mann-Whitney U=45, p<0.001) and mean 

flower number per inflorescence cluster (140.2 flowers; t=4.983, p<0.001) were also 

significantly lower in the tested female individuals. The male over female flower 

excess, at the level of inflorescence clusters, was 3.8:1 ± 1.4 (mean ± sd, Figure 18).  

When comparing the male floral excess degree at the inflorescence cluster 

level of the three dioecious tree species, the excess degree of Tapirira guianensis was 

by far higher than in Ocotea glomerata or Trichilia lepidota (one-way ANOVA: 

p<0.001; df=2; SQ=2,828.5; MQ=1,414.3; F=54.19 and Bonferroni post-hoc test; see 

Figure 18).  
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Figure 18: Ratio of male over female display excess (dimorphism) at the inflorescence cluster level 
in Tapirira guianensis, Ocotea glomerata, and Trichilia lepidota (one-way ANOVA, Bonferroni 
post hoc test).  
Means ± sd. n: number of male inflorescence clusters compared with the mean femal inflorescence 
cluster size. 

The flower outsides and inflorescences of the analysed Trichilia lepidota 

individuals are covered with a dull grey tomentum of peltate scale hairs. In SEM 

micrographs, petals have at their outside also the described tomentum. However, at 
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their inside they lacked these scale hairs and instead near the petal tips occurred 

numerous wrinkled, column-like emergences of a diameter of 11.6 ± 1.8 µm, a 

height of 37.7 ±  5.0 µm and a between-distance of 6.9 ± 2.3 µm (mean ± sd). 

Single Trichilia lepidota flowers are small (diameter about 2.5 – 2.8 mm in both 

sexes), bell-shaped, actinomorphic, and pentamerous (Figure 19). The slightly lobed 

calyx and whole flower buds are pale green (27 A 3), and the rigid petals of flowers 

short before and during anthesis are yellowish white (3 - 4 A 2; colour values 

according to Kornerup and Wanscher 1981). At the base of the ovary, in both sexes 

there is a floral disc. Two alternating whorls of stamens with introrse anthers insert 

below the floral disc. In most cases, ten stamens per flower were registered, 

although some flowers lack one or two (stamen number is 9.3 ± 0.8; mean ± sd). 

Their filaments are laminar and tapering towards the connective. Due to the 

tapering shape and the curvature of the staminal filaments towards the longitudinal 

flower axis during early anthesis stages, they form a closed, cone-shaped nectar 

chamber together with the floral disc (Figure 19). At their basal parts, some of the 

neighbouring filaments were found to be fused. The stamen height in male flowers 

(1.99 ± 0.17 mm) is significantly higher than the pistilloid height (1.21 ± 0.05 mm; 

mean ± sd; t=12.35; p<0.001). In the male flowers, the anthers touch each other at 

the nectar chamber apex and force the insect proboscises to pass through the 

narrow channel formed by the longicidal pollen-containing anthers as only 

legitimate nectar access. In female flowers, the pollen-less and non-dehiscent 

staminods with nearly the same height of the pistil touch the receptive side of the 

hemispheric stigma. In contrast to the male flowers, the staminode filaments in 

female flowers do not touch at their base, and the nectar chamber is not closed in 

that degree which it is the case in male flowers. The mean width of the nectar access 

obstructed by the anthers or filaments is 121 ± 30.8 µm in young male and 90 ± 36.7 

µm (mean ± sd) in female flowers, which restricts the legitimate nectar access to 

insects with fine, acuminate mouthparts like Lepidoptera. Fresh pollen-containing 

male anthers are yellow (colour value 4 A 4 according to Kornerup and Wanscher 

1981). 

 



5.3. Trichilia lepidota 
 

82

 
 Figure 19: Male (a, b) and female (c, d) flowers of Trichilia lepidota. Flowers in the micrographs b 
and d were cut longitudinally. Scale bars: 1 mm.  

With ongoing anthesis, the filaments erect especially in male flowers and 

permit a less restricted access to the nectar. Older male anthers assume a reddish 

grey hue (colour value 7-9 B 2 according to Kornerup and Wanscher 1981). 

The gynoecium of Trichilia lepidota is 3-locular with each two collateral 

ovules. 

The receptive surface of female Trichilia lepidota stigmata has a mean area of 

0.69 ± 0.18 mm2 (mean ± sd). Compared with the stigmatic area of flowers of the 

other three small-flowered species (female flowers in Tapirira guianensis and Ocotea 

glomerata), the receptive surface of Trichilia lepidota stigmata is significantly higher 

than those of the other species (one-way ANOVA: p<0.001; df=3; SQ=2.997; 

MQ=0.999; F=146.07 ; and Bonferroni post-hoc test).  

Summarizing the floral morphological traits of Trichilia lepidota, its 

pollination syndrome sensu Faegri and van der Pijl (1971) can best described as a 

butterfly pollination syndrome (psychophily) with transitions to a generalist 

pollination syndrome. 
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5.3.2 Anthesis 

The anthesis of Trichilia lepidota flowers was divided into six stages in male and 

seven stages in female flowers (Table 26). 

Table 26: Anthesis stages of Trichilia lepidota flowers. 

anthesis 
stage # situation of female flowers situation of male flowers 

1 maturing flower bud, petals greenish, 

peduncle formation 

maturing flower bud, petals greenish, 

peduncle formation 

2 mature flower bud, petals yellowish white mature flower bud, petals yellowish white 

3 petal separation, flower opening petal separation, flower opening 

4 petals open, but not totally erect; stigma 

receptive, secretion of nectar 

petals open, erect, pollen presentation, 

nectar secretion, anthers yellow  

 4a  anthers touching the stigma   anthers touching each other, nectar 

chamber only accessible via anther 

channels 

 4b  anthers without contact to the 

stigma, filaments erect 

 anthers separated, filaments erect, 

nectar chamber easier accessible 

5 petals closed, wilting and abortion of the 

petals and staminodes, swelling of the 

ovary 

petals closed, anther colour switch to 

reddish grey, petal colour switch to grey 

6 abortion of the rest of the flower or abortion of flower with petals 

7 further swelling of the ovary and fruit 

development 

 

 

The terminal flowers of the thyrses and their partial inflorescences are the 

first which enter anthesis. Mature flower buds short before petal separation 

(between anthesis stage #2 and #3) had a flower height of 3.4 mm in female and 3.7 

mm on male individuals (mean ± sd). 

In inflorescences of both tree sexes the anthesis stages #1, 2, and 5 could be 

observed at any time, except for immature or old withering inflorescences. 

Although every day during the individual´s flowering period only a small portion 

of buds opened and became functional (see phenology chapter), the anthesis of 

these flowers was highly synchronized. The petal opening process was restricted to 

the time span between 19:00 and 04:00 h. Petals of female flowers never were 

observed completely erect, whereas in male flowers they were erect to slightly 

reflexed. Petal closing movements were observed in almost all open flowers from 
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14:00 h on. Between 16:00 and 19:00 h, more than 66% of the open male flowers 

closed their petals completely, and the remaining rest of the flowers did so in the 

next two days. In female flowers, the ratio of flowers that had closed petals at that 

time tended to be slightly lower, but reached values similar to the male flowers at 

the next morning (Figure 21).  

Floral scent emission was almost exclusively during daylight in both tree 

sexes. Nectar production in visible amounts was observed in male individuals 

during the morning and in female individuals during morning and afternoon. 

In flowering male individuals, 85% of the flowers that were found open at 

05:30 h were in anthesis stage #4a, which forced floral visitors to introduce their 

proboscises through the opened anthers. These ratio diminished from 10:00 h on 

due to the erection of the filaments (Figure 20), which facilitated the nectar access 

for insects with less acuminate mouthparts. At this stage (stage #4b), the distance 

between opposite anthers reaches approximately 1 mm, which is eight times more 

than in the stage #4a. All male flowers that opened their petals had functional, 

pollen-presenting anthers already before the arrival of the first visitors. 

The median duration of the functional anthesis stage #4 was 14 h in male and 

24 h in female flowers, however, there was no significant difference between them 

(Mann-Whithney-U=139; p=0.90) 

About 25% of the male flower buds recognised as opening did actually not 

open next day. In some of these flowers, unidentified insect larvae were found as 

possible cause for flowering failure. At the fifth day after flower opening, more than 

50% of the opened flowers were shed and at the sixth day, 90% (Figure 20). 

Major differences in the anthesis process of female Trichilia lepidota flowers 

compared to male ones concerned their longevity, which is higher in female flowers 

(Chi-square=7.08; p=0.008). After five days, 85% of the female flowers still persisted 

with first signs of fruit set or showed still no fruit development (stages #7 or #5), 

whereas only 45% of the male flowers still were present at this time. As in male 

flowers, some of the marked female flowers did not open at all and were shed later 

(Figure 21).  
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Figure 20: Ratio of open and functional flowers (anthesis stage #4), mature (stage #2) or opening 
(stage #3) buds, wilting (stage #5), or shed (stage #6) flowers during anthesis of male Trichilia 
lepidota individual L102 (n=20 flowers). See Table 26 for detailed anthesis stage characteristics. 

first line of x-axis indicates the hours of the day 

Filament erection movements were also observed in female flowers (Table 

26), but its effect was not the same like in male flowers due the central, voluminous 

stigma and the less opened petals, which diminished the effective opening way. 

Additionally, in female flowers the staminode filaments have no lateral contact at 

their base, as it is the case in male flowers. Therefore, the nectar access in female 

flowers is rather time-invariant compared to the male flowers.  

The anthesis synchronisation of single flowers permits to perceive a daily 

rhythm of the resource availability and accessibility at the individual and 

subpopulation level. Although the functional anthesis stages occur simultaneously 

in both sexes, higher afternoon nectar amounts in female flowers indicate the 

presence of adaptations for pollinator guidance. 
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Figure 21: Ratio of open and functional flowers (anthesis stage #4), opening (stage #3) buds, 
wilting (stage #5), shed (stage #6), or fruit developing (stage #7) flowers during anthesis of female 
Trichilia lepidota individual L116 (n=20 flowers). See Table 26 for detailed anthesis stage 
characteristics. 

first line of x-axis indicates the hours of the day 

5.3.3 Sexual and reproductive system 

All Trichilia lepidota individuals with accessible flowers showed a clear dioecious sex 

distribution without hermaphrodite transitions. Sex did not change during the 

observation period in all tree individuals whose sex was known due to flowering. 

The anther number in all analysed male flowers was not stable (9.3 anthers 

per flower), but the ovule number in all analysed female flowers was (6, Table 27). 

Tests for apomixis in three female individuals (L116, L57, L265) with bagged 

inflorescences resulted in no fruit set. Therefore, pollen transfer from male Trichilia 

lepidota individuals by pollen vectors is necessary for successful fruit set in the 

observed population. 

When assuming a 1:1 ratio of female and male Trichilia lepidota flowers, the 

species has a P/O-ratio of 1,203:1 (Table 27). After Cruden (1977), this value is 

typical for facultative xenogamous species. Considering the male excess observed in 

Trichilia lepidota at the inflorescence cluster level, and assuming similar numbers of 

inflorescence clusters per tree and flowering males and females in that population, 
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the P/O-ratio rises up to 4,571:1, which corresponds nearly the mean value for 

obligate outcrossing species (Cruden 1977). In the research area where the 

phenological observations of the present study were done, eigth male and five 

female reproductive Trichilia lepidota were localised, so that additional female 

individuals had to be searched outside of that area. Although statistically not 

significant (Chi-square test), such tendency was not observed in the other two 

dioecious species. 

Table 27: Number of anthers per flower, pollen grains per anther, ovules per flower, and 
pollen/ovule ratios of Trichilia lepidota. 

male 
excess n 

anthers per 
flower 

pollen grains 
per anther 

ovules per 
flower P/O ratio log P/O ratio

1:1 2/10 9.3 ± 0.82 763.9 ± 279.39 6 ± 0 1,203:1 ± 497.24 3.05 ± 0.178 
3.8:1     4,571:1 3.66 

Means ± sd; n= number of tested tree individuals/total number of samples. 
male excess: the pollen/ovule ratio is given for a theoretical 1:1 ratio of male and female flowers, and 
for the male excess ratio found at the inflorescence cluster level 

5.3.4 Nectar 

In Trichilia lepidota, nectar was found in the flowers of both tree sexes and was 

observed to accumulate on the intrastaminal disc within the chamber formed by the 

filaments, supposedly formed by that disc. Nectar sampling of single flowers was 

carried out in male flowers (Table 28 - Table 30). The nectar volume in single 

flowers without additional flower treatment was 0.29 ± 0.29 µl (mean ± sd, Table 

28). These nectar amounts permitted to measure the concentration in the field by 

hand refractometer, when all samples were combined after volume determination. 

A mean value for the combined nectar of 19 flowers attained 21.5% (w/w, Table 28). 

Table 28: Volume, sugar concentration, sugar amount and energy content of floral nectar of 
Trichilia lepidota. Concentration obtained with hand refractometer analysis. Energy calculated in 
sucrose equivalents. 

n 
volume 

[µl] 
C (w/w) 

[%] 
C 

[g·l-1] 

sugar 
amount 

[µg] 

energy 
content 

[J] 
sampling method and 

time 

1/19 
0.29 ± 
0.29 

21.50 ± 
0.00 

234.05 ± 
0.00 

68.81 ± 
67.94 

1.16 ± 
1.14 

opened flowers at opening 
time before first visits 
(05:00) 

Means ± sd; n= number of tested tree individuals/total number of samples; C: nectar concentration; 
volume, sugar amount and energy content: per-flower values; energy content: originated from 
sugars 

. 
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Floral Trichilia lepidota nectar obtained from an inflorescence incubated 24 h 

in a humid chamber for HPLC nectar analysis had a total sugar concentration of 

134.87 ± 47.88 g·l-1 (mean ± sd, Table 29) at a mean nectar volume of 1.41 ± 0.32 µl 

per flower. 

Based on the mean numbers of flower buds per male tree and flowering 

period obtained in the phenological survey and the mean nectar volume per flower 

at opening time without additional treatment (Table 28), a median nectar volume of 

0.094 l, or up to 0.17 l nectar can be estimated per male tree individual and 

flowering period. However, when considering the nectar amount which 

accumulates within 24 h in a male flower at humid chamber treatment (see above), 

a median nectar volume of 0.45 l, or up to 0.84 l nectar can be estimated per male 

tree individual and flowering period.  

Glucose, fructose and sucrose occurred in almost all samples and attained 

nearly the same amounts. Hexoses outweighed sucrose, and the sucrose-hexose 

ratio was 0.41 (Table 29). Therefore, the nectar can be characterised as hexose-rich 

(Baker and Baker 1983). 

Table 29: Floral nectar sugar composition of overnight incubated Trichilia lepidota flowers 
obtained with HPLC analysis. 

n  Fructose 
[g·l-1] 

Glucose 
[g·l-1] 

Sucrose 
[g·l-1] 

total 
[g·l-1] S/(G+F) 

1/8  
48.68 ± 
19.05 

47.31 ± 
30.10 

38.88 ± 
29.53 

134.87 ± 
47.88 0.41 

 pos. samples 8 7 7 8  
Means ± sd; n= number of tested tree individuals/total number of samples; pos. samples= number 
of positive tested samples.  
S/(G+F)= sucrose-hexose ratio 

 

The individual sugar concentration values of each nectar sample are listed in 

Table 55 (chapter 8, Appendix). 

In the Trichilia lepidota nectar samples from overnight incubated flowers 

(Table 29) tested for amino acid composition, five of seventeen identifiable amino 

acids were registered. The mean total amino acid concentration was 473.1 ± 536.4 

ng·µl-1 at a coefficient of variation of 1.13. Most abundant were proline (present in 

seven of eight samples, 298.8 ± 359.1 ng·µl-1) and alanine (6 of 8 samples, 24.3 ± 22.5 
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ng·µl-1, mean values ± sd, Table 30) Phenylalanine was registered only in one 

sample. 

The individual amino acid concentration values of each nectar sample are 

listed in Table 56. In single Trichilia lepidota nectar samples (Table 55 and 56), there 

was no significant correlation between nectar sugar and amino acid concentration. 

 



 
 

Table 30: Floral nectar amino acid composition of overnight incubated Trichilia lepidota flowers. 

n  Ala Arg Asp Cys Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Tyr Val total 

1/8  
24.3 ± 
22.5 

- 
- 

- 
- 

118.0 ±
228.2 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

5.8 ± 
16.3 

298.8 ± 
359.1 

- 
- 

26.2 ±
46.4 

- 
- 

- 
- 

473.1 ± 
536.4 

 Vc 0.92 - - 1.93 - - - - - - - 2.83 1.20 - 1.77 - - 1.13 

 pos. samples 6 - - 2 - - - - - - - 1 7 - 3 - - 8 

Mean values in ng·µl-1 ± sd. 
Vc= coefficient of variation (standard deviation·mean-1) 
 n= number of tested tree individuals/total number of samples; pos. samples= number of positive tested samples; Ala= alanine; Arg= arginine; Asp= aspartic 
acid; Cys= cysteine; Glu= glutamic acid; Gly= glycine; His= histidine; Ile= isoleucine; Leu= leucine= Lys= lysine; Met= methionine; Phe= phenylalanine= Pro= 
proline; Ser= serine; Thr= threonine= Tyr= tyrosine; Val= valine; –= not detected.  
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5.3.5 Floral scent 

Flowers of both sexes of Trichilia lepidota emitted a strong, pleasant, sweet, 

and slightly fruity and resinous scent, reminiscent in a certain kind the floral scent 

of lilac (Syringa vulgaris). 

When separating petals from the other floral organs, it was perceived that 

practically all scent originated from the petals. At the tips of the inner side of the 

petals of both tree sexes, the surface was detected in SEM micrographs to be 

enhanced by emerging structures that might play a role in scent enhancement. 

At 04:45, floral scent was almost not perceptible, however one hour later it 

was clearly stronger. The strongest scent emissions were perceived between 07:00 h 

and 14:00 h. From 15.00 h on, a weakening of the scent emissions was observed, 

with already very few scent emission from 19:00 h on. 

37 chemical compounds were detected in the floral scent of Trichilia lepidota. 

The highest relative amount was clearly attained by (E)-ocimene with 63.6%, second 

and third highest concentrated was (E,E)-α-farnesene and ß-caryophyllene (Table 

31). Among the ten substances with the highest relative amounts, four were 

considered by Knudsen et al. (2006) as the ten most common compounds ever 

found in plant floral scents.  

Considering the strong scent intensity compared to Ocotea glomerata and the 

relatively low ratio of open Trichilia lepidota flowers in its inflorescences compared 

to Tapirira guianensis, single Trichilia lepidota flowers had a clearly stronger scent 

emission than those of the other dioecious species. When considering the yield of 

volatiles in the GC-MS analysis, sampling time and approximate number of 

enclosed flowers in the headspace, an emission of 580 ng floral scent per flower and 

hour was estimated. This is about two orders of magnitude higher than that of 

Tapirira guianensis or Ocotea glomerata. 

At the level of the mean relative amount of compound classes, monoterpenes 

(76.6%) dominate over sesquiterpenes (21.8%) and unknown compound classes 

(1.0%, Figure 22). 

 



5.3. Trichilia lepidota 
 

92

Table 31: Mean relative amounts of chemical compounds, total compound number, total 
compound amount, and estimated emission rate of the floral scent of Trichilia lepidota. Numbers 
in parentheses inform the number of samples in which the compound was found when not 
detected in all samples. 

Compound class and name 
Mean rel. 

amount [%] 

Benzenoids  

Benzaldehyde 0.07 (3)
2-Phenylethanol 0.04 (1)
Methyl salicylate 0.12 (3)

Isoprenoids 

Homoterpenes 

(E)-4,8-Dimethyl-1,3,7-nonatriene 0.25

Monoterpenoids 

α-Pinene 0.65
Myrcene 0.18
Limonene 0.22
(Z)-Ocimene 5.02
(E)-Ocimene 63.64
(Z)-Linalool oxide (furanoid) 0.69
(E)-Linalool oxide (furanoid) 1.18
Linalool 3.54
6-Ethenyldihydro-2,2,6-trimethyl- 
2H-pyran-3(4H)-one  0.45
(E)-Myroxide 0.07 (3)
(Z)-Linalool oxide (pyranoid) 0.38
(E)-Linalool oxide (pyranoid) 0.31

Sesquiterpenoids 

α-Cubebene 0.57
α-Copaene 1.48
β-Cubebene 0.54
β-Caryophyllene 6.42
α-Humulene 0.57
(Z,E)-α-Farnesene 0.76
Germacrene D 0.45
(E,E)-α-Farnesene 10.56
δ-Cadinene 0.07
Caryophyllene oxide 0.35

Unknowns 
Unidentified compounds #1-11 0.98

Total number of compounds 37
Total amount [µg] 68.8
Est. emission [ng·flower-1·h-1] 580

individual: L102 (male); n=4 samples 
total amount: total mean amount of scent compounds detected in the floral scent samples 
est. emission: estimated scent emission per flower in one hour 
Compounds are ordered first by compound class and then by retention time. 
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Figure 22: Floral scent composition of Trichilia lepidota, Ocotea glomerata and Tapirira guianensis 
as number and relative mean amount of compound classes. Abbreviations: Benz: Benzenoids; Mt: 
Monoterpenoids; Sqt: Sesquiterpenoids; N: Nitrogen containing compounds; U: Unknowns 

 

5.3.6 Phenology 

The phenological behaviour of Trichilia lepidota inflorescences was in many aspects 

similar to that of Ocotea glomerata inflorescences. Flowers in inflorescences of both 

tree sexes in Trichilia lepidota started flowering not simultaneously (Figure 17 a). 

Within one thyrse, very different developmental stages of flower buds were present 

when the first flower opened (always the primary flower of the dichasia). At that 

time, the buds of the two secondary and the four tertiary dichasia flowers were still 

closed and greenish, bud already well distinguishable and pedunculate. In this 

kind, the flowering of single Trichilia lepidota inflorescences proceeded as an 

elongate process, with relatively few open flowers at the same time. However, the 

anthesis of that few flowers was highly synchronized (see anthesis section of 

Trichilia lepidota). In a given inflorescence, the maximal number of simultaneously 

open flowers was reached approximately during the anthesis of the secondary and 

tertiary flowers and did not exceed 10% of the number of floral buds present at the 

beginning of anthesis. 

Within one tree, inflorescence age differences were observed between 

different inflorescence clusters. Younger inflorescence cluster were still flowering 

when anthesis in the older ones was already completed. In this kind, Trichilia 

lepidota flowered continuously with a broad peak over some weeks (Figure 33), 

offering in both male and female individuals a constant, reliable source of floral 

resources for its pollinators.  
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Flowering in both Trichilia lepidota sexes occurred between 28-Sep ± 10 d 

(n=3) and 25-Nov ± 8 d (n=2), lasting for 59 ± 22 d (n=2, means ± sd, Figure 23) at 

the first half of the dry season (Figures 2 and 33). 

1-Jan 1-Mar 1-May 1-Jul 31-Aug 31-Oct 31-Dec

2004

2003

 
Figure 23: Flowering periods of Trichilia lepidota. In 2005, flowering was registered to begin at 29-
September. 

5.3.7 Floral visitors 

Floral visitors on Trichilia lepidota showed diurnal activity, beginning about 15-30 

minutes before sunrise. Behavioural patterns of visitor on both tree sexes included 

nectar consumption and resting. In male individuals, until 08:00 h, the spectrum of 

floral visitors was clearly dominated by butterflies, especially by Mechanitis 

lysimnia, and less abundant, by Hypothyris ninonia. Captures after 08:00 h revealed a 

more generalist floral visitor spectrum (Figure 24). In the female individuals, the 

dominance of butterflies in the early morning hours was less pronounced. 

Therefore, the visitor spectrum of male trees should be characterised as butterfly-

dominated with a daily switch to a generalist visitor spectrum. For the whole 

species, a generalist visitor spectrum tending to butterfly dominance should be an 

adequate denomination (Figures 24 and 35). 

The mean interaction time of Mechanitis lysimnia individuals with a single 

male flower was 10.72 ± 8.2 s (mean ± sd, n= 39 landings), whereas honeybees (Apis 

mellifera; 1.28 ± 0.34 s interaction time; mean ± sd, n=11 landings) interacted 

significantly shorter with the flowers (t=3.785, p<0.001). 
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Figure 24: Floral visitor spectra of male Trichilia lepidota individuals before and after 08:00 h.  

See Table 3 for explication of the floral visitor group codes. n=4 collection events between 05:00 h 
and 08:00 h; n=13 collection events between 08:00 and 18:00 h 

 

Altogether, 174 insect specimens were captured in 23 collection events on 

flowers of Trichilia lepidota, belonging to 91 insect morphospecies (Table 59, 

appendix). Of these morphospecies, seven (7.7%) were captured on both tree sexes 

and are thought to have therefore an increased likelihood to be the pollinators of 

Trichilia lepidota (Table 33). The captured specimens of these seven morphospecies 

represent 21.3% of all captured floral visitors. The highest abundances in male tree 

individuals were achieved by the butterfly Mechanitis lysimnia, which occurred also 

frequently on female individuals. Therefore it is thought to be among the most 

efficient pollinators of Trichilia lepidota. 

Estimation of the total richness of floral visitor species for Trichilia lepidota 

resulted in about 207 species, which means that the sampling efficiency was 48% 

(Table 32). 
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Table 32: Estimations of the total number of floral visitor species expected to occur on Trichilia 
lepidota, computed by EstimateS 8.0.0 (Colwell 2005), and sample efficiency values for each 
estimation approach. 

sampled 
species ACE ICE Chao 1 Chao 2 Jack 1 Jack 2 

Boot-
strap 

Michaelis
- Menten Mean 

91 193 274 196 223 150 196 113 311 207 
efficiency: 47% 33% 46% 41% 61% 46% 81% 29% 48% 

 

The tree species that reached the highest number (26) of shared visitor 

species with Trichilia lepidota was Ocotea glomerata (Table 48), which were 29% of the 

visitor species occurring on Trichilia lepidota (Table 49). Male Trichilia lepidota 

individuals shared with Sclerolobium densiflorum and Ocotea glomerata a small dipter 

species (morphospecies #67; see Tables 58, 59, and 60), and Apis mellifera with 

Tapirira guianensis and Sclerolobium densiflorum. No species was shared with 

Eschweilera ovata (Table 48). 

The median size of the floral visitors was 4.5 mm, ranging from 0.8 to 39 mm 

(Figure 34). 

Table 33: Insect species and morphospecies captured on flowers of Trichilia lepidota, that 
occurred overlapping on both tree sexes 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f

Diptera       

unidentified Diptera      
 Diptera sp. 3 69 1.8 1 1 2 
 Diptera sp. 113 179 1 1 1 2 
Hymenoptera      

unidentified Apocrita*      
 Apocrita sp. 18 314 0.8 1 2 3 
Apoidea       

 
Paratetrapedia subgen. 

Lophopedia sp. 1 27 7 1 1 2 
Chrysidoidea       
 Chrysidoidea sp. 1 317 2 2 2 4 
Lepidoptera      

Ithomiinae       
 Mechanitis lysimnia  184 23 2 19 21 
unidentified Lepidoptera      
 Lepidoptera sp. 21 204 8 2 1 3 
       
Total number of overlapping morphospecies 7  

* “wasps”: Apocrita without Apoidea and Formicoidea; size: body length; f: number of captures in 
female tree individuals;  m: number of captures in male tree individuals; m+f: sum of captures in 
female and male tree individuals. See Table 59 for a complete list including all 91 overlapping and 
non-overlapping insect species (appendix). 
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5.4 Floral biology, phenology and floral visitors of Sclerolobium 

densiflorum 

5.4.1 Morphology 

Sclerolobium densiflorum showed a hermaphrodite sex expression. The flowers are 

organized in axillary double spikes near to the apex of the branches and terminally 

inserted double and triple spikes direct at the apex of the branches and have a mean 

length of 24.6 cm (Figure 25 a). 

Seen from a distance, Sclerolobium densiflorum inflorescences appear greyish 

green at the beginning of the flowering period with few opened flowers (30 B 5), 

pale to pastel yellow (2 A 3-4) when the highest number of flowers are open, and 

yellowish white when the last flowers finished their anthesis (1 A 2, colour values 

according to Kornerup and Wanscher 1981). The inflorescence axes are covered 

with a brown tomentum of hirsute hairs. Filiform bracts insert at the ramifications 

of the inflorescence axes and are shed in their majority during anthesis.  

Single spikes appear as clearly distinguishable units/partial inflorescences of 

the whole Sclerolobium densiflorum inflorescences with a mean length of 3.4 cm. Per 

inflorescence, a mean number of 23.4 ± 14.0 spikes were registered. Each spike 

formed a mean number of 31.6 ± 1.7 flowers. In whole inflorescences, a mean 

number of 850.7 ± 334.6 flowers was registered. The mean number of open flowers 

in one inflorescence at the same time was 141 ± 62.5, or 5.71 ± 3.51 (mean ± sd) open 

flowers per spike. 

Single Sclerolobium densiflorum flowers are small (diameter of 5.58 ± 0.55 mm, 

height of 7.18 ± 0.85 mm), bowl-shaped, actinomorphic, and pentamerous. The five 

green (1 B 5) sepals are laminar, corollary and exceed the petals in terms of width 

(width of 2.04 ± 0.20 mm). At their inside and outside, they have a tomentum of 

short white hirsute hairs. The five very slender (width of 0.44 ± 0.06 mm, length of 

3.52 ± 0.61 mm, all values mean ± sd) petals are rather inconspicuous, cuneate, 

yellow (3 A-B 7) and are covered at their lower third with hairs which equal the 

petal width in their length. 

 



5.5. Sclerolobium densiflorum 
 

98

 
Figure 25: Inflorescences of Sclerolobium densiflorum individual L232 at the beginning of 
flowering. a: terminal triple spike; b: single spike, being visited by an Apis mellifera worker. 
Scale bars: 1 cm 

The stamens insert like the petals and sepals at the rim of the flower 

receptacle. In most cases, ten stamens per flower were registered, although some 

flowers lack one or two (stamen number of 9.15 ± 1.09). Their filaments are yellow 

(3 A-B 7), and fresh anthers shiny orange (6 B 8, colour values according to 

Kornerup and Wanscher 1981). Their length is 4.8 mm ± 0.61 when still twisted in 

opening flower buds, and 6.1 ± 0.56 mm when totally erect. Especially stamens and 

their showy anthers are responsible for the colour switch of whole inflorescences 

from greenish grey to yellow at the onset of anthesis. Like petals, stamens are 

covered with relatively long hairs (length of 0.69 ± 0.32 mm, all vales mean ± sd) at 

the base of their filaments (Figure 26 c). The tecae open longicidal already in the 

flower buds short before anthesis and empty their contents into the petal and 

filament hairs (secondary pollen presentation, Figure 26 a). Floral visitors, 

especially bees, were observed to comb the pollen grains out of these hairs. Later in 

the anthesis, the widely dehisced anthers are exposed at the erected filaments 

(Figure 26 b). 
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Figure 26: Sclerolobium densiflorum flowers, a: after anther opening, presenting pollen in stamen 
and petal hairs (anthesis stage 4a); b: open flower (anthesis stage 4b); c: SEM micrograph of a 
flower in anthesis stage 4b; d: flowers in anthesis stage 4c being attacked by the florivorous 
beetle species Anomala sp. (Scarabeidae). Flowers in figure a) and c) were cut longitudinally. 
Scale bars: 1 mm.  

The Sclerolobium densiflorum flowers have one unilocular ovary with one 

ovule. Like stamens and petals, the ovary is hairy at its base. The ovary inclusive its 

pistil had a mean height of 5.60 ± 0.40 mm. The stigma was exposed on a 2.56 ± 0.20 

mm high slender pistil at the same height with the tecae. 

The receptive surface of Sclerolobium densiflorum stigmata has a mean area of 

0.013 ± 0.006 mm2. Compared with the stigmatic area of female flowers of the other 

three small-flowered species, the receptive surface of Sclerolobium densiflorum 

stigmata is significantly smaller than those of the other species (one-way ANOVA: 

p<0.001; df=3; SQ=2.997; MQ=0.999; F=146.07 ; and Bonferroni post-hoc test). 

 Summarizing the floral morphological traits of Sclerolobium densiflorum, its 

pollination syndrome sensu Faegri and van der Pijl (1971) can best described as a 

generalist syndrome with transitions to the bee pollination syndrome 

(melittophily). 
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5.4.2 Anthesis 

The anthesis of Sclerolobium densiflorum flowers could be divided into seven stages 

(Table 34). 

Table 34: Anthesis stages of Sclerolobium densiflorum flowers 

anthesis 
stage # situation of flowers 

1 maturing, green flower bud 

2 mature flower bud, bud top yellowish orange, sepal separation 

3 sepal opening, anthers shiny orange and still closed 

4 stigma receptive, anthers shiny orange, scent emitting 

 4a  sepals open or still opening; style and filaments twisted and erecting, 

anthers opening, primarily pollen presenting and secondarily pollen presenting on 

the hairs of stamen filaments and petals 

 4b  sepals open; style and filaments erect, anthers primarily pollen presenting 

and secondarily pollen presenting on the hairs of stamen filaments and petals 

 4c  sepals closing or closed, style and filaments erect, almost no more pollen 

presentation, but still scent emitting and some styles still receptive 

5 sepals closed, wilting of sepals, anthers, and petals; anthers brownish 

6 abortion of the whole flower or 

7 swelling of the carpel, abortion of petals, sepals, anthers and style, further fruit 

development 

 

In the partial inflorescences (spikes),  the anthesis stages #1, 2, and 5 could be 

observed at any time, except for immature inflorescences or those where almost all 

buds flowered. The basal flower buds of the spikes are the first which enter into 

anthesis. Although every day during the individual´s flowering period only a small 

portion of buds opened and became functional (see phenology chapter), the 

anthesis of these flowers was highly synchronized.  

Mature flower buds of Sclerolobium densiflorum short before opening 

(between anthesis stages #2 and 3) have a mean height of 4.4 ± 0.49 mm and a mean 

diameter of 3.5 ± 0.75 mm. In these mature flower buds, the stamen filaments, petals 

and the style lie twisted. Synchronously to the separation of the sepals, the anthers 

open and present a part of the yellow-orange pollen grains onto the hairs of the still 

twisted stamen filaments and petals (Figure 26 a). With ongoing anthesis, the 

corollary sepals open further, and the stamen filaments and the style erect (stage 

#4b, Figures 26 c and 27). The stigma is already receptive in this stages, and the 
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filament length increases in that process by approx. 25%. The small petals remain 

very inconspicuous and curly.  

From 15.30 h of the first day on, the sepals begin to close the flower (stage 

#4c). The majority of the stamens and the style exceed the sepal height, remain 

outside of them at closing and are frequently subject of nocturnal attacks by 

florivorous beetles. Until noon of the second day, all remaining flowers closed their 

sepals completely. In this stage #4c, almost no pollen was more presented, but the 

floral organs appear still fresh and the stigmata of many flowers are still receptive 

until the third day after opening. Flowers that were not pollinated by compatible 

pollen (see sexual and reproductive system section) or suffered florivory on their 

styles immediately after flowering (Figure 26 d) were already shed within the next 

days. Flowers that were able to develop fruits kept their wilted sepals, anthers and 

petals relatively long. Early signs of fruit set were observed from the seventh day 

on (Figure 27). Later all organs except the carpel and the flower receptacle were 

shed. 

Floral scent could be perceived permanently during anthesis stage #4, with 

stronger scent emission during daylight.  

Due to the consecutively anthesis onset of single Sclerolobium densiflorum 

flowers, the species offers a constant, reliable source of floral resources for its 

pollinators over some weeks. The anthesis synchronisation of single flowers permits 

to perceive a daily rhythm of the resource availability at the individual and 

subpopulation level. The early pollen presentation and the longer receptivity of the 

stigmata are indications of protandry, however, there is no clear distinction but a 

broad overlap between the male and female flowering phase.  
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Figure 27: Ratio of open and functional flowers (anthesis stage #4), opening (stage #3) buds, 
wilting (stage #5), shed (stage #6), or fruit developing (stage #7) flowers during anthesis of 
Sclerolobium densiflorum (n=46 flowers). See Table 34 for detailed anthesis stage characteristics.  

first line of x-axis indicates the hours of the day 

5.4.3 Sexual and reproductive system 

Sclerolobium densiflorum individual L232 was the only individual where flowers 

were accessible and covers of bagged inflorescences were left intact. In a bagged 

inflorescence without self-pollination treatment (792 flowers), no fruit set was 

observed, which allows to exclude the possibility of apomixis and spontaneous self-

pollination. In a second bagged inflorescence, from 40 self-pollinated flowers, 2 

(5%) formed fruits of 1.5 cm length, whereas the other self-pollinated and the 

untreated flowers (total of 870 flowers) were shed. After four weeks the two fruits 

formed by self-pollination were shed. In a control, open inflorescence, from 1270 

flowers, 175 fruits (13%) reached a mean size of 1.5 cm and after four weeks, 13 

fruits (1% of the original flower number, or 7.4% of the fruits that reached 1.5 cm of 

length) reached a mean size of 5.2 cm. 

This means that at the tested Sclerolobium densiflorum individual L232, 

pollinator presence is necessary for successful fruit set. Fruit set (until 1.5 cm fruit 

length) generated by self-pollination is less than half efficient as natural pollination 

and did not proliferate to larger fruits.  
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The anther number in all analysed flowers was not stable (9.15 per flower), 

but the ovule number in all analysed female flowers was 1 (Table 35). 

The P/O-ratio of Sclerolobium densiflorum is 19,151:1 (Table 35). After Cruden 

(1977), this value is typical for obligate xenogamous species. 

Table 35: Number of anthers per flower, pollen grains per anther, ovules per flower, and 
pollen/ovule ratios of Sclerolobium densiflorum. 

n 
anthers per 

flower 
pollen grains per 

anther 
ovules per 

flower P/O ratio log P/O ratio 
2/20 9.15 ± 1.09 2,083.6 ± 732.03 1 ± 0 19,151:1 ± 7,465.78 4.24 ± 0.210 

Means ± sd; n= number of tested tree individuals/total number of samples.  
 

5.4.4 Floral scent 

Sclerolobium densiflorum flowers emitted a sweet, bloomy to fruity and very slightly 

musky scent of medium strength. Interviewed test persons compared the scent with 

the odour of ripe melons (Cucumis melo var. reticulatus), floriculture shops, cheap 

female perfumes or “Magic tree” car air freshener. 

Scent emission was perceptible round the clock, however, considerably 

weaker from 21:00 to  06:00 h. 

5.4.5 Phenology 

Flowers in the inflorescences in Sclerolobium densiflorum did not starte flowering 

simultaneously. Within one spike (the partial inflorescences of the double and triple 

spikes), flowering began in the basal buds, followed next day by the neighbouring, 

more distal buds, etc. (Figure 25). In this kind, the flowering proceeded as an 

elongate process, moving from the spike base to the spike tip, with 5.72 ± 3.52 

flowers per spike simultaneously open at the same time, which is 19.2% ± 11.7% of 

all buds of the spikes (mean ± sd; n=75 partial inflorescences, anthesis stages 4a-4c), 

however, not considering bud numbers of immature inflorescences that still not 

opened flowers at all. The anthesis of the open flowers was highly synchronized 

(see anthesis section). The maximal number of simultaneously open flowers within 

a single spike was already reached at the second day after beginning of flowering 

and then maintained constant at this level for 1.5 - 2 weeks. Flowering stopped 

abruptly after the anthesis of the most distal flowers at the tip of the spikes.  
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Within one tree, age differences between inflorescences (double and triple 

spikes) were low. Consequently, the flowering time of one tree individual was 

limited to little more than two weeks, then stopping abruptly within few days. In 

2004, the only flowering season that could be observed completely, there was little 

overlap between the earliest and the latest flowering tree individuals. For the whole 

population, there is a clear defined flowering peak (Figure 33), with the position of 

the strongest flowering individual continuously changing. 

After fruiting in many individuals, in 2005 non of the marked individuals 

flowered (Figures 28 and 33), in contrast to the years 2003 and 2004. Therefore, the 

reliability of the floral resources of Sclerolobium densiflorum is limited. Additionally, 

a considerable part of the observed adult trees did not flower at all in two 

consecutive years (2004 and 2005). The remaining individuals, that only flowered 

but not fruited in 2004, also  lacked flowering in 2005, despite of flowering in two 

consecutive years having already been observed in this population in 2003 and 2004 

(Figure 28).  

Flowering in Sclerolobium densiflorum occurred between 4-Aug ± 16 d and 2-

Sep ± 4 d, lasting for 30 ± 12 d (means ± sd, n=2, Figure 28) at the end of the rainy 

season and beginning of the dry season (Figures 2 and 33). 

1-Jan 1-Mar 1-May 1-Jul 31-Aug 31-Oct 31-Dec

2005

2004

2003

 
Figure 28: Flowering periods of Sclerolobium densiflorum. Note that in 2005 no flowering 
occurred. 

5.4.6 Floral visitors 

Floral visitors on Sclerolobium densiflorum showed diurnal and nocturnal activity 

patterns. The diurnal activities began at sunrise, however, until 07:30 no bee activity 

was registered. Diptera and Hemiptera (cicada) dominated the spectra of the 

captures until that time. Coinciding with the sepal opening and anther erecting 
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movements after 07:30, the proportion of bees increased rapidly among the floral 

visitors. Larger bees (Apis mellifera, Melipona scutellaris) were abundantly present 

from 08:00 h on. From 14:00 h on, the activity of medium and large-sized bees 

decreased noticeable, and from 15:00 h on, they were practically absent. 

Behavioural patterns of the diurnal visitors, mostly bees, included mainly pollen 

collection and occasionally pollen feeding. The abundant presence of the two cicada 

species (morphospecies 266 and 267, see Tables 37 and 60) in the captures was 

interpreted as a sampling artefact, as these insects were mainly observed to suck on 

the inflorescence axes. Therefore, they were not included into the floral visitor 

spectrum (Figure 35).  

The nocturnal activities were mostly destructive due to tissue feeding 

(florivory). Between 10 and 30 minutes after sunset, seemingly attracted by floral 

odour, the rutelid beetle Anomala sp. (Scarabeidae; morphospecies 236) approached 

the closing, pollinized flowers in anthesis stage #4b and 4c and began to feed on 

sepal tips, stamens, styles, and partly carpels. The registered time to destroy the 

fertile organs of one flower was 24 ± 14 minutes (mean ± sd, n= 5 flowers), and the 

beetles remained approx. 5 hours foraging until 22.30 h. The attacks included 

practically all observed flowers in 2003 resulting in no fruit set that year, however, 

in 2004 the attack rate was moderate (an estimated 15% of the flowers in the tree 

individual L 232), and fruit set occurred in many flowering trees.  

Altogether, 320 insect specimens were captured in 21 collection events on 

flowers of Sclerolobium densiflorum, belonging to 76 insect morphospecies (Table 60, 

appendix).  

Estimation of the total richness of floral visitor species for Sclerolobium 

densiflorum resulted in about 161 species, which means that the sampling efficiency 

was 50% (Table 36). 

Table 36: Estimations of the total number of floral visitor species expected to occur on 
Sclerolobium densiflorum, computed by EstimateS 8.0.0 (Colwell 2005), and sample efficiency 
values for each estimation approach. 

sampled 
species ACE ICE Chao 1 Chao 2 Jack 1 Jack 2 

Boot-
strap 

Michaelis
- Menten Mean 

76 191 193 182 201 124 160 95 138 161 
efficiency: 40% 39% 42% 38% 61% 47% 80% 55% 50% 
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Of these morphospecies, 30 (39%) were captured at least two times (Table 

37). The captured specimens of these morphospecies represent 85.6% of all captured 

floral visitors. Among them, the bee species Apis mellifera, Plebeia flavocincta, Trigona 

fuscipens and Trigona spinipes were captured more than 10 times on the flowers of 

Sclerolobium densiflorum. Unlike other, equally frequent diurnal floral visitors, these 

bee species do not fall below a body length of 4.5 mm (Table 37). Due to the 

exposed position of the small stigma, very minute insect species are not likely to 

come into efficient contact with it, in contrast to the bee species which were 

observed to touch various times the stigma when combing the secondarily 

presented pollen from the anther and petal hairs. Therefore, bees should be the 

most probable pollinators of Sclerolobium densiflorum, in spite of the fact that the 

floral visitor spectrum is rather generalist (Figure 35, Table 60). 

The tree species that reached the highest number (23) of shared visitor 

species with Sclerolobium densiflorum was Ocotea glomerata (Table 48), which were 

30% of the visitor species occurring on Sclerolobium densiflorum (Table 49), but only 

one Diptera species (morphospecies 67) was captured more than five times both in 

Sclerolobium densiflorum and in Ocotea glomerata. The overlap with Tapirira guianensis 

in terms of species numbers was minor, however, among those overlapping species, 

three bee species (Apis mellifera, Trigona spinipes, and Plebeija flavocincta) were 

captured seven or more times on both tree species (Tables 57 and 60). With 

Eschweilera ovata it shares principally the bee species Trigona spinipes. 

The median size of the sampled insect individuals was 4.5 mm, ranging from 

0.8 to 13 mm (Figure 34). 
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Table 37: Insect species and morphospecies captured more than one time on flowers of 
Sclerolobium densiflorum 

insect order and 
inferior taxa 

species or 
morphospecies 

morphospecies 
number size [mm] 

times 
captured 

Coleoptera     

Scarabeidae     
 Anomala sp. 1 236 8 5 
unidentified Coleoptera    
 Coleoptera sp. 11 218 1.5 4 
 Coleoptera sp. 13 220 1.5 2 
 Coleoptera sp. 14 221 2.5 3 
 Coleoptera sp. 19 226 6 2 
 Coleoptera sp. 25 232 2.3 8 
 Coleoptera sp. 27 234 2 6 
 Coleoptera sp. 57 264 7 2 
Diptera     

unidentified Diptera     
 Diptera sp. 1 67 2.2 6 
 Diptera sp. 3 69 1.8 3 
 Diptera sp. 10 76 5 8 
 Diptera sp. 13 79 1.3 14 
 Diptera sp. 14 80 2 5 
 Diptera sp. 93 159 1.5 3 
 Diptera sp. 105 171 2.5 2 
Hemiptera     

Auchenorrhyncha     
 Auchenorrhyncha sp. 1 266 3 28 
 Auchenorrhyncha sp. 2 267 3 61 
 Auchenorrhyncha sp. 3 268 3 6 
Heteroptera     

Miridae     
 Miridae sp. 4 39 2 21 
 Miridae sp. 10 45 3 7 
Hymenoptera     

Apoidea     
 Apis mellifera 2 13 20 
 Melipona scutellaris 10 13 2 

 
Partamona cf. 
seridoensis 26 6 2 

 Plebeia flavocincta 17 4.5 12 
 Plebeia minima 12 3 2 
 Plebeia sp. 3 25 4.5 2 
 Trigona fuscipens 9 8 22 
 Trigona spinipes 5 8 12 
Chalcidoidea     
 Chalcididae sp. 2 21 4.5 2 
Chrysidoidea     
 Chrysidoidea sp. 1 317 2 2 
     
Total number of morphospecies 30 (captured > 1x) 

size: body length; see Table 60 for a complete list including all 76 insect species (appendix). 
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5.5 Floral biology, phenology and floral visitors of Eschweilera 

ovata 

5.5.1 Morphology 

Eschweilera ovata showed a hermaphrodite sex expression. The flowers are 

organized in small racemes at the apex of shorter shoots, which can be found in all 

parts of the tree crown inclusive relatively near to the stem. Due to the small size of 

the racemes (height of 3.7 ± 1.32 cm and width of 4.1 ± 1.44 cm), low flower number 

of 8.9 ± 3.4 flowers buds per inflorescence, and their green colour (27-29 A-B 3-4, 

Kornerup and Wanscher 1981), inflorescences without open flowers are 

inconspicuous. The floral display is made up by single flowers, as flowering 

inflorescences have a number of 1.2 ± 0.44 open flowers (all values mean ± sd).   

 
Figure 29: Inflorescences of Eschweilera ovata. Scale bar: 4 cm 

Single Eschweilera ovata flowers are disc-shaped, large, zygomorphic, and 

hexamerous. Characteristic element is the coiled androecial hood, as it can be found 

in many Lecythidaceae species (Figure 30). 

The six sepals are free, inconspicuous, and are not shed after anthesis. The 

corolla had a mean diameter of 3.74 ± 0.40 cm. As described for Eschweilera ovata 
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(Mori et al. 1990), the colour of the six petals varied between the individuals and 

ranged from almost white (e.g., individuals L 103 and L193) to pastel yellow (e.g., 

individual L194; colour value 3 A 4, Kornerup and Wanscher 1981). Their length 

was 1.57 ± 0.26 and their width 1.24 ± 0.11 cm (all values mean ± sd). 

 
Figure 30: Flowers of Eschweilera ovata, a: general aspect, abaxial view; b: lateral view, petals 
removed; c: abaxial view, petals removed, ligule of the androecial hood overstretched and 
longitundinally cut, exhibiting the androecial ring, the central stigma, and the nectar chamber 
inside the androecial hood; d: pollination by Xylocopa frontalis (Apidae). Scale bars: 1 cm. 

The characteristic androecium consists of a staminal ring surrounding the 

gynoecium, a spring-like ligule at the posterior side of the staminal ring connecting 

this staminal ring with the androecial hood, and a androecial hood formed by a 

complete coil of staminodes, typical for the genus Eschweilera (Mori et al. 1990). The 

hood opens to the abaxial flower side, and its opening faces upwards (Figure 30). 

The flower height, which is defined in the abaxial dimension by the hood, has a 

mean value of 1.32 ± 0.08 cm. The hood colour was pastel yellow (3 A 4) in all 

individuals. In Eschweilera ovata a nectar chamber is formed at the inner end of this 

staminode spiral inside the hood (Figure 30 c). The hood staminoids have no 

anthers, and opposite to the staminal ring they form a pad of approx. 1.5 cm width 

and length, which serves as landing platform for the legitimate pollinators. Due to 

the spring resistance of the ligule, insects (bees) landing on this pad are pressed 
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with their dorsal parts (especially mesoscutum) to the gynoecium and staminal ring 

before accessing the nectar (Figure 30). At the distal end of the ligule, the 

staminodes obstruct the access to the nectar chamber even for the largest bee by 

forming a narrow spirally channel with a mean length of approximately 0.8 cm and 

a width of 0.5 mm, which has to be bridged by the bee’s tongue.  

A mean number of 191 ± 21.3 stamens form a dense, carpet-like asymmetric 

staminal ring, slightly ascending the ligule and with the gynoecium in their centre. 

The stamen length is 2.2 ± 0.38 mm (mean ± sd). Its anthers dehisce longicidal. As 

typical for this family, in Eschweilera ovata the complete androecium and the petals 

are shed after anthesis. 

The visible parts of the gynoecium are a cone-like pistil with a diameter of 3.6 

± 0.2 mm, a height of 2.3 ± 0.4 mm, and a nearly cylindrical stigma with a height of 

0.14 ± 0.02 mm and (cylindrical) receptive surface of 0.19 ± 0.04 mm2 (all values 

mean ± sd). The actual stigma area lies above this value due to numerous stigmatic 

papillae. Stigma and anthers are exactly on the same height, but even the nearest 

anthers are too distant  to touch the stigma directly because of the broad conical 

pistil shape. 

The ovary of Eschweilera ovata is 2-locular. The ovule number per locule was 

7.4 ± 1.20 (mean ± sd). 

Summarizing the floral morphological traits of Eschweilera ovata, its 

pollination syndrome sensu Faegri and van der Pijl (1971) fits clearly into the bee 

pollination syndrome (melittophily). 

 

5.5.2 Anthesis 

The anthesis stages of Eschweilera ovata could be divided into eight stages 

(Table 38). Flowers of Eschweilera ovata show a diurnal anthesis. In a single 

inflorescence, rarely more than one flower can be found within the functional 

anthesis stage #4 (see morphology section and phenology chapter). The basal 

flower buds of the racemes are the first which enter into anthesis. 
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Table 38: Anthesis stages of Eschweilera ovata. 

anthesis 
stage # situation of flowers 

1 maturing, green flower bud 

2 mature, yellowish green to whitish green flower bud, stigma not receptive 

3 petal separation and opening, nectar production, anthers still closed, stigma still 

not receptive, weak floral scent emission 

4 petals open, stigma receptive, anthers open, floral scent emission, nectar 

presentation inside the androecial hood 

5 slightly wilting of petals and androecial hood, still floral scent emission, few nectar 

remaining, stigma not receptive (stage occasionally skipped by single flowers) 

6 abortion of the petals and androecium as unit, persistence of hypanthium, sepals 

and gynoecium on the inflorescence without scent emission 

7 abortion of the hypanthium, sepals and gynoecium or 

8 swelling of the hypanthium and gynoecium, further fruit development 

 

Floral buds sampled before 09:00 h between the stages #2 and #3 showed 

still no positive reaction in stigma activity tests, bud had already floral resources 

(nectar) in their androecial hood (Figure 31). From opening Eschweilera ovata flowers 

(n=12) tested in such manner at 09:30 h, seven (58%) had their stigma already 

receptive and eight (67%) at least some anthers already open. In eleven of these 

tested flowers, the inactive stigmata occurred together with completely closed 

anthers, or they had both receptive stigmata and opened anthers simultaneously. 

Therefore, the onset of stigma activity and anther opening was assumed to occur 

nearly simultaneous in Eschweilera ovata. Anther opening occurred mostly between 

09:00 and 10:00 h, when the petals attain the degree of opening which permits 

successful approaching of large bees (Figure 31). Eight percent of all flowers 

observed with widely opened petals between 11:00 and 16:00 h had their anthers 

still closed. In such flowers, not rarely insect larvae were observed as parasites. 

First cases of shedding of petal-androecium units were observed from 14:00 h 

on in flowers that opened the same morning. Until dusk at 17:30 h, approx. 15% of 

the flowers that opened that day were found in this anthesis stage #6, which was 

reached directly from the functional anthesis stage #4 or from a wilting phase of 

variable length (stage #5), where the stigmata were mostly already inactive. The 

median duration of the fertile anthesis stage #4 was 6 hours, and the median 
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persistence time of opened petals on the flower (anthesis stages #4 + #5) was 18 

hours. 

 During night, further petal-androecium units are shed or removed by 

herbivores like the occasionally observed porcupine Coendou prehensilis. In the next 

morning, less than 20% of flowers that opened the previous day still bore their 

petals. Until opening of the next flowers between 09:00 and 10:00 h, these old 

flowers were occasionally visited by Xylocopa frontalis bee individuals, but the 

visiting times were very short compared to that of fresh flowers. After four days, 

first signs of fruit development (stage #8) were observed. Flowers that were not 

pollinated are shed between four and ten days after flower opening (stage #7, 

Figure 31). 

0%

20%

40%

60%

80%

100%

18 6 12 18 6 12 18 6 12 18 6 12 18 6 12 18 6 12 18 6 12

0 day 1 day 2 day 3 day 4 day 5 day 6 day 7

stage 4 stage 5 stage 6 stage 3 stage 8 stage 7  

Figure 31: Ratio of open and functional flowers (anthesis stage #4), opening (stage #3) buds, 
wilting (stage #5), shed (stage #6), or fruit developing (stage #7) flowers during anthesis of 
Eschweilera ovata (n=18 flowers). See Table 38  for detailed anthesis stage characteristics.  

first line of x-axis indicates the hours of the day 

Due to the consecutively anthesis onset of single Eschweilera ovata flowers, 

the species offers a constant, reliable source of floral resources for its pollinators 

over weeks. The anthesis synchronisation of single flowers permits to perceive a 

daily rhythm of the resource availability at the individual and subpopulation level.  
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5.5.3 Sexual and reproductive system 

Bagged Eschweilera ovata flowers without additional treatment showed no fruit set. 

Therefore, either autogamy by spontaneous self pollination or apomixis could be 

excluded. When performing self-pollination tests with bagged inflorescences in 

three tree individuals, 85% of the marked self-pollinated flowers showed fruit set. 

Test cross pollination within these three tree individuals resulted in no higher fruit 

set (76%). This means, that Eschweilera ovata flowers need visits of pollinators that at 

least ensure pollen transfer from the anthers onto the own stigma for successful 

fruit set. 

The mean anther number per flower (191.4) was not stable between different 

flowers, as well as the ovule number (14.8, Table 39). 

Within the species of the present study, Eschweilera ovata has the highest 

number of anthers, pollen grains, and ovules per flower, as well as the highest 

mean pollen-ovule ratio of 37,675:1 (Table 39). After Cruden (1977), this ratio 

corresponds to those which is typical for obligate xenogamous plant species, 

although Eschweilera ovata is self-compatible. 

Table 39: Number of anthers per flower, pollen grains per anther, ovules per flower, and 
pollen/ovule ratios of Eschweilera ovata. 

n 
anthers per 

flower 
pollen grains per 

anther 
ovules per 

flower P/O ratio log P/O ratio 
2/10 191.4 ± 21.32 2,862.6 ± 449.93 14.8 ± 2.39 37,675:1 ± 8555.59 4.57 ± 0.090 

Means ± sd;  n= number of tested tree individuals/total number of samples.  
 

5.5.4 Nectar 

Eschweilera ovata flowers form the nectar within the inner coil of the androecial 

hood. At the begin of anthesis at around 09:00, a mean nectar volume of 8.21 ± 7.74 

µl (mean ± sd) was registered per flower, with a mean concentration (w/w) of 36.36 

± 4.96%. At this moment, nectar robbery plays only a minor role, as from the 41 

sampled flowers, only one showed a bore hole perforating the petals and the 

androecial hood. Even this “robbed“ flower contained still 2 µl of nectar when 

opened for sampling.  
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Of all nectar-producing species, Eschweilera ovata flowers showed the highest 

sugar (3,548.97 ± 3,401.33 µg) and energy contents (59.62 ± 57.14 J) per flower 

achieved without nectar accumulation (Table 40).  

Table 40: Volume, sugar concentration, sugar amount and energy content of floral nectar of 
Eschweilera ovata. Concentration obtained with hand refractometer analysis. Energy calculated in 
sucrose equivalents. 

n 
volume 

[µl] 
C (w/w) 

[%] 
C 

[g·l-1] 

sugar 
amount 

[µg] 

energy 
content 

[J] 
sampling method and 

time 

4/41 
8.21 ± 
7.74 

36.36 ± 
4.96 

412.72 ± 
93.48 

3,548.97 ±
3,401.33 

59.62 ± 
57.14 

short before flower opening 
time (09:00) and first visits 

Means ± sd; n= number of tested tree individuals/total number of samples; C: nectar concentration; 
volume, sugar amount and energy content: per-flower values; energy content: originated from 
sugars 

 

Comparison of nectar volume and concentrations (w/w [%]) in bagged 

flowers of the same Eschweilera ovata individual L103 removed at 08:45, 10:30, and 

12:30 h from their bags (n=10 flowers at each sampling time) showed that the nectar 

volume was not significantly different between the sampling events (ranging 

between 10.6 and 11.6 µl). However, the nectar concentration measured at 10:30 

(42.6% ± 1.9%) and 12:30 h (43.1% ± 1.6%) was significantly higher than at 08:45 h 

(39.9% ± 1.1%, means ± sd, one-way ANOVA of log-transformed volumes and 

arcsin-transformed concentrations, Bonferroni-post-hoc test). 

Based on the mean numbers of flower buds per tree and flowering period 

obtained in the phenological survey and the mean nectar volume per flower at 

opening time without additional treatment (Table 40), a median nectar volume of 

0.011 l, or up to 0.83 l nectar per Eschweilera ovata tree individual and flowering 

period can be estimated. 

Comparing the nectar amounts per flowering event of Tapirira guianensis 

with the nectar amounts of Ocotea glomerata, Trichilia lepidota and Eschweilera ovata in 

their whole flowering season, it becomes clearly evident that the nectar production 

of Tapirira guianensis is by far higher (factor 5 and more) than that of the other 

species. 

Total sugar concentrations (w/w [%]) from species which allowed the 

determination of sugar concentrations from single flowers by refractometer analysis 

(Tapirira guianensis, Ocotea glomerata and Eschweilera ovata) were compared between 
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these species, disregarding the different sample conditions. The highest 

concentrations were measured in Ocotea glomerata, followed by Eschweilera ovata and 

Tapirira guianensis. All differences between the species were highly significant (one-

way ANOVA of arcsin-transformed concentrations, Bonferroni post-hoc test).  

In terms of the sugar composition, sucrose was found in all Eschweilera ovata 

nectar samples, glucose and fructose only in four and two of 13 samples, 

respectively. Sucrose clearly outweighs the content of glucose and fructose 

(sucrose-hexose ratio of 18.41, Table 41) in the floral nectar of Eschweilera ovata at a 

mean concentration of 449.27 ± 88.8 g·l-1 (mean ± sd, Table 41). Therefore, the nectar 

can be characterized as sucrose dominated (Baker and Baker 1983).  

Table 41: Floral nectar sugar composition of Eschweilera ovata obtained with HPLC analysis. 

n  Fructose 
[g·l-1] 

Glucose 
[g·l-1] 

Sucrose 
[g·l-1] 

total 
[g·l-1] S/(G+F) 

2/13  
11.47 ± 
40.44 

12.93 ± 
39.80 

449.27 ± 
88.80 

473.68 ± 
68.22 18.41 

 Vc 3.52 3.08 0.20 0.14  

 pos. samples 2 4 13 13  

Means ± sd; n= number of tested tree individuals/total number of samples; pos. samples= number 
of positive tested samples.  
Vc= coefficient of variation (standard deviation·mean-1) 
S/(G+F)= sucrose-hexose ratio 

 

The individual sugar concentration values of each nectar sample are listed in 

Table 55 (chapter 8, Appendix). 

In the Eschweilera ovata nectar samples (n=13) tested for amino acid 

composition, nine of seventeen identifiable amino acids were registered. However, 

arginine and serine occurred only in one sample. The mean amino acid 

concentration  of the identifiable amino acids was 2,010.1 ± 810.6 ng·µl-1 (mean ± 

sd,Table 42) at a coefficient of variation of 0.40. Arginine, proline and threonine 

were identified in all samples. Within these abundant amino acids, proline has the 

highest mean value of 992.7 ± 464.3 ng·µl-1, but the difference to the mean arginine 

concentration of 716.9 ± 357.5 ng·µl-1 (Table 42) was not significant (one-way 

ANOVA, Bonferroni post-hoc test).  

When comparing the total mean amino acid concentration of all four nectar-

producing species, Eschweilera ovata had the highest concentration, but the 
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difference to Ocotea glomerata was not significant. The latter species had still a 

higher mean amino acid concentration than Tapirira guianensis and Trichilia lepidota, 

but only the difference to Trichilia lepidota was significant. The last species had the 

lowest mean amino acid concentration registered in the nectar, but not significantly 

less than Tapirira guianensis (one-way ANOVA, Bonferroni post-hoc test). 

The individual amino acid concentration values of each nectar sample are 

listed in Table 56. In single Eschweilera ovata nectar samples (Table 55 and 56) there 

was no significant correlation between nectar sugar and amino acid concentration. 

   



 

 

Table 42: Floral nectar amino acid composition of Eschweilera ovata. 

n  Ala Arg Asp Cys Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Tyr Val total 

2/13  
5.4 ± 
11.8 

716.9 ± 
357.5 

1.3 ± 
4.6 

18.6 ±
47.3 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

4.9 ± 
11.5 

- 
- 

- 
- 

992.7 ±
464.3 

0.7 ± 
2.5 

269.5 ±
130.6 

- 
- 

- 
- 

2,010.1 ± 
810.6 

 Vc 2.18 0.50 3.61 2.55 - - - - - 2.33 - - 0.47 3.61 0.48 - - 0.40 

 pos. samples 5 13 1 2 - - - - - 4 - - 13 1 13 - - 13 
Mean values in ng·µl-1 ± sd. 
Vc= coefficient of variation (standard deviation·mean-1) 
 n= number of tested tree individuals/total number of samples; pos. samples= number of positive tested samples; Ala= alanine; Arg= arginine; Asp= aspartic 
acid; Cys= cysteine; Glu= glutamic acid; Gly= glycine; His= histidine; Ile= isoleucine; Leu= leucine= Lys= lysine; Met= methionine; Phe= phenylalanine= Pro= 
proline; Ser= serine; Thr= threonine= Tyr= tyrosine; Val= valine; –= not detected.  
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5.5.5 Floral scent 

Eschweilera ovata flowers emitted a scent of medium strength. The scent was sweet, 

almost slightly pungent, reminiscent a mixture of rose petal and lilac scent, or 

fermenting yeast. When separating petals and androecia (inclusive androecial 

hood), practically all scent originated from the petals, however, no putatively scent-

enhancing structures like osmophores were detected on any floral organ in SEM 

micrographs.  

First scent emission was perceived at 08:45 h, approximately one hour before 

flower opening. From noon to sunset at about 17:15 h, the scent emission was 

strongest. Scent emission in flowers stopped abruptly due to corolla abortion from 

14:00 h on, or slowly during the night in flowers that hold their wilting corolla for 

more time. Floral scent samples turned out to be too weak for quantitative 

sampling. Traces of four substances could be registered in eight floral scent samples 

of Eschweilera ovata (Table 43). The most frequent substance was eucalyptol (1,8-

cineole). In one sample, each of the four substances were found, whereas in the 

other six positive samples, only less than four substances were detected. 

Table 43: Chemical compounds in the floral scent of Eschweilera ovata. Numbers in parentheses 
give the number of samples in which the compound was found when not detected in all samples. 

Compound class and name 
Mean rel. 

amount [%] 

Isoprenoids   

Monoterpenoids  

Eucalyptol (1,8-Cineole) tr (5)
(E)-Ocimene tr (1)

Sesquiterpenoids  

unidentified sesquiterpenoid tr (1)

Unknowns  

Unidentified compound 1 tr (4)

Total number of compounds 4

tr: detected in traces; individual: L103; n=7 samples 
Compounds are ordered first by compound class and then by relative retention time 

5.5.6 Phenology 

Flowers in the inflorescences of Eschweilera ovata started flowering not 

simultaneously. Within one raceme, flowering started in the basal buds, followed in 
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one of the next days by the neighbouring, more distal buds. In this kind, the 

flowering proceeded as an elongate process, moving from the raceme base to the 

raceme tip. Maximally two open flowers per raceme were registered. In 

inflorescences where the buds reached maturity, the mean number of open flowers 

was 0.85 ± 0.67 per inflorescence (mean ± sd, n=26 inflorescences). This are 9.5% of 

the mean flower bud number (see anthesis section), however, not considering bud 

numbers of immature inflorescences. Within the racemes with open flowers, the 

mean number of open flowers was 1.22 ± 0.43 (mean ± sd, n=26 inflorescences). 

Single inflorescences were observed to exceed 18 days of flowering. 

Between different trees, the onset and peak time of flowering varied 

considerabily, and there was almost no overlap between the earliest and the latest 

flowering individuals in the flowering season 2004/2005. At the population scale 

during the flowering time however, the Eschweilera ovata individuals were a 

constant, reliable source of floral resources for its pollinators. 

Flowering in Eschweilera ovata occurred between 19-Nov ± 1 d and 15-Mar ± 

62 d, lasting for 117 ± 63 days (means ± sd, n=2, Figure 32) during the middle and 

end of the dry season (Figures 2 and 33). 

1-Jul 30-Aug 30-Oct 30-Dec 1-Mar 1-May 1-Jul

2004/2005

2003/2004

 
Figure 32: Flowering periods of Eschweilera ovata. 

After a prolonged drought period in March of 2005 (Figures 2 and 33), some 

Eschweilera ovata individuals formed new inflorescences which resulted in resumed 

flowering in April of 2005 (Figure 33).  

When comparing the flowering activity of all tree species of the present 

study (Figure 33), the phenological behaviour of Tapirira guianensis (pulsed bang 

flowering sensu Gentry 1974) is characterized to be different from those of the other 

species (cornucopia flowering sensu Gentry 1974). Further, Eschweilera ovata (large 

flowers, melittophilous) and Tapirira guianensis (small flowers, generalist) are 
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flowering in parallel, however, the small flowered, more generalist tree species 

Tapirira guianensis, Ocotea glomerata, Trichilia lepidota, and Sclerolobium densiflorum 

flowered largely staggered (see Figure 33 for 2004/2005). For the previous season, 

the situation was similar (see Figures 10, 16, 23, and 28). Within the hermaphrodite 

species, each observed flowering period of Sclerolobium densiflorum was followed by 

a significantly longer flowering period of Eschweilera ovata (Χ22003=15.16, p=0.0001, 

df=1; Χ22004=41.94, p<0.0001, df=1). Within the dioecious species, mean values of the 

duration of the whole flowering periods differed significantly (one-way ANOVA: 

p=0.028; df=; SQ=25,930.3; MQ=12,965.1; F=9.9671), with flowering of Trichilia 

lepidota being significantly shorter than that of Ocotea glomerata (Bonferroni post-hoc 

test: p=0.037; MQ=1300.8; df=4). 

The highest relative flowering intensities were attained by Tapirira guianensis 

(69% in February of 2005, Figure 33). 
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Figure 33: Measured monthly precipitation, phenological flowering types, and relative flowering intensities of the surveyed subpopulations of Tapirira 
guianensis, Ocotea glomerata, Trichilia lepidota, Sclerolobium densiflorum, and Eschweilera ovata from 7-01-2004 to 9-29-2005. 
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5.5.7 Floral visitors 

Floral visitors on Eschweilera ovata showed principally diurnal activity patterns, 

nocturnal activity was registered only occasionally.  

The main diurnal activities began at 09:00 h, when large bee species, almost 

exclusively female Xylocopa frontalis individuals, approached the opening flowers. 

Once the petals were separated in a degree that allowed the large bees for landing, 

these visitors entered the flowers and licked the nectar inside the androecial hood, 

thereby pollinating the flower when sliding their back across the stigma in the 

moment of entering the flower (Figure 30 d). Before 09:00 h, occasional visits of 

Xylocopa frontalis were registered on flowers with wilting corollae that still persisted 

from the previous day, however, the interaction time with these flowers generally 

rarely exceed two seconds. On freshly opened flowers, female Xylocopa frontalis 

individuals remained 5.98 ± 2.88 s to imbibe nectar (mean ± sd, n=22 landings). 

Their activity was registered until sunset, i.e., 17:15 h, however, the activity peak 

was clearly in the morning and at noon. Nectar robbing by perforating the outside 

of the androecial hood by short-tongued bees (e.g., Trigona spp.) was registered 

only occasionally (approximately on 1-5% of the flowers), and interactions between 

the floral visitors, e.g., defence of robbed flowers against the legitimate floral visitor, 

were not observed. Trigona species were registered already between 06:00 and  09:00 

h, i.e., before the opening of the new flowers. Their principal activity was pollen 

collection, besides nectar thieving. The androecial ring of freshly opened flowers 

was reached by the Trigona individuals only under great difficulties, apparently 

because of the strong pressure of the androecial hood.   

Occasionally observed nocturnal activities were of a destructive nature due 

to tissue feeding (florivory) by the porcupine Coendou prehensilis, however, damages 

occurred only in those few flowers where corolla and androecium were not shed 

immediately on the predetermined breaking point (see anthesis section).  

Altogether, 30 insect specimens were captured in 6 collection events on 

flowers of Eschweilera ovata, belonging to 8 insect morphospecies (Table 45). The 

floral visitor spectrum should be characterised as dominated by large bees, in 

particular, by females of Xylocopa frontalis. Extended observations in the canopies of 
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several individuals revealed few additional floral visitors, like occasionally 

occurring male Xylocopa frontalis individuals, or Lycaenid butterflies. At one 

occasion, a larger, metallic green, presumably euglossine bee was sighted in a tree 

individual, but it was impossible to sample it. 

Estimation of the total richness of floral visitor species for Eschweilera ovata 

resulted in about 21 species, which means that the sampling efficiency was 45% 

(Table 44). 

Table 44: Estimations of the total number of floral visitor species expected to occur on Eschweilera 
ovata, computed by EstimateS 8.0.0 (Colwell 2005), and sample efficiency values for each 
estimation approach 

sampled 
species ACE ICE Chao 1 Chao 2 Jack 1 Jack 2 

Boot-
strap 

Michaelis
- Menten Mean 

8 41 25 23 21 13 17 10 17 21 
efficiency: 19% 32% 35% 39% 62% 47% 80% 48% 45% 

 

The tree species that reached the highest number (4) of shared visitor species 

with Eschweilera ovata was Sclerolobium densiflorum (Table 48), which were 50% of 

the visitor species occurring on Eschweilera ovata (Table 49). With Tapirira guianensis 

it shares principally the bee species Trigona spinipes. 

The median size of the sampled insect individuals was 28 mm, ranging from 

4.5 to 28 mm (Figure 34).  

Selective exclusion of the large bee species for eighteen days from 26 

inflorescences with 152 flower buds by covering with net bags with a mesh width of 

9 mm resulted in three formed fruits. This was significantly less compared to 17 

fruits, which were formed in the 26 nearby free control inflorescences with the same 

bud number (Χ2= 6.61, df=1, p=0.01), or 17.6% of the natural fruit set. Therefore, 

large bee species appear to be highly necessary for successful fruit set in Eschweilera 

ovata. 
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Table 45: Insect species and morphospecies captured on flowers of Eschweilera ovata. 

insect order and 
inferior taxa 

species or 
morphospecies 

morphospecies 
number size [mm] times captured 

Coleoptera     

unidentified Coleoptera    
 Coleoptera sp. 9 216 6 1 

Hymenoptera     

unidentified Apocrita*    
 Apocrita sp. 39 335 9 1 
 Apocrita sp. 51 347 27 1 
Apoidea     

 
Ceratina cf. 

punctiventris 19 8.5 1 
 Plebeia flavocincta 17 4.5 1 
 Trigona spinipes 5 8 6 
 Xylocopa frontalis 6 28 18 
Formicoidea     
 Dolichoderus sp. 1 52 6 1 
     
Total number of morphospecies 8   

* “wasps”: Apocrita without Apoidea and Formicoidea; size: body length 

No floral visitor species occurred on all five tree species. Four visitor species 

were found on all small-flowered tree species, and six visitor species were found on 

all dioecious tree species (Table 46).  

Table 46: Floral visitor species shared by all small flowered species (Tapirira guianensis, Ocotea 
glomerata, Trichilia lepidota, and Sclerolobium densiflorum), and by all dioecious species 
(Tapirira guianensis, Ocotea glomerata, and Trichilia lepidota), respectively. 

visitors shared by all small flowered species visitors shared by all dioecies species 
species  morphospecies # species  morphospecies # 

Apis mellifera 2 Apis mellifera 2 
Diptera sp. 1 67 Diptera sp. 1 67 
Coleoptera sp. 11 218 Diptera sp. 69 135 
Apocrita sp. 18 314 Coleoptera sp. 11 218 
  Curculionidae sp. 5 230 

 

262 (76%) of all 342 morphospecies found on flowers were sampled 

exclusively only in one of the tree species, and 199 morphospecies (58.2% of 342) 

were only collected one time ever (Table 47). Among the morphospecies exclusively 

sampled only on one tree species, eleven (3.2%) were sampled in high abundancies, 

i.e., more than ten times (Table 47). 
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Table 47: “Endemics”: floral visitor species sampled exclusively only on one of the five tree 
species, in relation to the total number of sampled floral visitor species (342) 

times 
sampled 

T. 
guianensis 

O. 
glomerata 

T. 
lepidota 

S. 
densiflorum

E. 
ovata 

species 
sum 

% from 
342 

all 66 96 59 40 1 262 76.6% 
>2x 8 13 7 5 1 34 9.9% 
>5x 3 5 1 4 1 14 4.1% 
>10x 2 4 1 3 1 11 3.2% 
singletons     199 58.2% 

morph. 
ID >10x 

256, 271 75, 81, 162, 
169 

184 39, 266, 267 6 
  

morph. ID >10x: morphospecies number of that exclusive morphospecies that were captured more 
than 10 times, see Table 45 and Tables 57 - 60 for identification 

On a presence-absence level of commonly shared floral visitor 

morphospecies, the similarity (Sørensen similarity index) between two tree species 

was highest between Tapirira guianensis and Ocotea glomerata, and lowest (no 

common species) between Trichilia lepidota and Eschweilera ovata (Table 48). 

Table 48: Numbers of shared floral visitor species (above diagonal), and Sørensen similarity 
index values (below diagonal), resulting from pairwise comparisons between the tree species 

   species   
 T. guianensis O. glomerata T. lepidota S. densiflorum E. ovata 
T. guianensis - 29 9 19 3 
O. glomerata 22.31% - 26 23 1 
T. lepidota   9.09% 21.31% - 12 0 
S. densiflorum 20.77% 20.09% 14.37% - 4 
E. ovata   5.22%   1.24%   0.00% 9.52% - 

 

The ratio of floral visitor species which are shared with another tree species 

was highest in Eschweilera ovata, namely the number of species that it shares with 

Sclerolobium densiflorum (50%), and lowest also in Eschweilera ovata for the ratio of 

species that it shares with Trichilia lepidota (0%, Table 49). Among the small-

flowered species with a broader visitor spectrum (Tapirira guianensis, Ocotea 

glomerata, Trichilia lepidota, and Sclerolobium densiflorum), the highest ratio of shared 

species was attained in Sclerolobium densiflorum (30.26%) by the species that it shares 

with Ocotea glomerata (Table 49). 
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Table 49: Ratio of floral visitor species occurring on the table head tree species that are shared by 
the left column tree species 

   species   
 T. guianensis O. glomerata T. lepidota S. densiflorum E. ovata 
T. guianensis - 18.95%   9.89% 25.00% 37.5% 
O. glomerata 27.10% - 28.57% 30.26% 12.5% 
T. lepidota   8.41% 16.99% - 15.79%   0.0% 
S. densiflorum 17.76% 15.03% 13.19% - 50.0% 
E. ovata   2.80%   0.65%   0.00%   5.26% - 

Read table as follows “27.10% of the floral visitors that occur on Tapirira guianensis (table head 
species) occur also on Ocotea glomerata (left column species)”. 

 

Estimation of the total richness of floral visitor species for all five tree species 

resulted in about 698 species, which means that the sampling efficiency was 51% 

(Table 50). 

Table 50: Estimations of the total number of floral visitor species expected to occur on Tapirira 
guianensis, Ocotea glomerata, Trichilia lepidota, Sclerolobium densiflorum, and Eschweilera ovata, 
computed by EstimateS 8.0.0 (Colwell 2005), and sample efficiency values for each estimation 
approach 

sampled 
species ACE ICE Chao 1 Chao 2 Jack 1 Jack 2 

Boot-
strap 

Michaelis
- Menten Mean 

342 801 851 753 811 560 726 430 650 698 
efficiency: 43% 40% 45% 42% 61% 47% 79% 52% 51% 

 

When comparing the median body length of the floral visitors, significant 

differences were detected between the species (Kruskal-Wallis H (4, n= 1055) = 

174.37, p=0.000). Post-hoc testing by multiple comparisons revealed that the median 

body length of the Eschweilera ovata floral visitors was significantly larger than that 

of all other tree species (Figure 34). The median floral visitor sizes of Trichilia 

lepidota and Sclerolobium densiflorum did not differ significantly from each other, but 

were significantly higher than that of Tapirira guianensis and Ocotea glomerata. The 

visitor sizes of the last two species did not differ significantly from each other, again 

(Figure 34, see Table 51 for z- and p-values). 
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Table 51: Z-values (above diagonal) and p-values (below diagonal) of the multiple comparison 
post hoc test of the median body length of the floral visitors of five tree species 

 Kruskal-Wallis test: H ( 4, N= 1055) = 174.3747, p= 0.000 
 T. guianensis O. glomerata T. lepidota S. densiflorum E. ovata 
T. guianensis - 0.101 6.964 7.129 52.388 
O. glomerata 1.000 - 7.115 7.274 52.753 
T. lepidota 0.000 0.000 - 0.462 35.520 
S. densiflorum 0.000 0.000 1.000 - 34.352 
E. ovata 0.000 0.000 0.000 0.000 - 

 

Between median body length of the floral visitors and mean flower diameter 

of the tree species, a significant, very strong correlation was found (Table 52). 

Table 52: Comparison between median body length of the floral visitors and the mean flower 
diameter of the tree species  

 Pearson’s r= 0.995, t= 17.157, p< 0.001 
tree species mean flower diameter [mm] median visitor body length [mm] 

T. guianensis 4.44 4.20 
O. glomerata 3.60 2.20 
T. lepidota 2.65 4.50 
S. densiflorum 5.60 4.50 
E. ovata 37.40 28.00 
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Figure 34: Kruskal-Wallis ANOVA of the median floral visitor sizes of Tapirira guianensis, 
Ocotea glomerata, Trichilia lepidota, Sclerolobium densiflorum, and Eschweilera ovata.  

circles: median; boxes: 25%-75%-quartiles; whiskers: min-max; floral visitor size: body length 
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The distribution of the capture frequency of the floral visitor groups (Table 3, 

Figure 35) differed highly significant between all tree species (G-test=805.67, df=44, 

p<0.0001) or in other words, their floral visitor spectrum was highly significant 

different. The same result was obtained in the pairwise comparisons between the 

species (Table 53). 

Table 53: G-test values (below diagonal) and p-values (above diagonal) of pairwise comparisons 
of the capture frequencies in the floral visitor groups between the five tree species 

   species   
 T. guianensis O. glomerata T. lepidota S. densiflorum E. ovata 
T. guianensis - < 0.0001 < 0.0001 < 0.0001 < 0.0001 
O. glomerata 402.7 - < 0.0001 < 0.0001 < 0.0001 
T. lepidota 184.9 210.3 - < 0.0001 < 0.0001 
S. densiflorum 88.2 240.5 125.8 - < 0.0001 
E. ovata 61.3 161.7 96.3 60.9 - 

 

When comparing the capture frequencies of the floral visitor groups between 

the tree species (Figure 35) less stringently by a Spearman rank correlation test, 

significant, modest positive correlations were found between the ranks of visitor 

group frequencies of Tapirira guianensis and Sclerolobium densiflorum, between those 

of Tapirira guianensis and Eschweilera ovata, and between those of Ocotea glomerata 

and Sclerolobium densiflorum (Table 54). 

Table 54: Spearman rank correlation coefficients rs (below diagonal, in boldface when significant) 
and p-values (above diagonal) of pairwise correlations of the capture frequency ranks of the floral 
visitor groups between the five tree speces.  

   species   
 T. guianensis O. glomerata T. lepidota S. densiflorum E. ovata 
T. guianensis - n.s. n.s. <0.05 <0.05 
O. glomerata 0.566 - n.s. <0.05 n.s. 
T. lepidota 0.365 0.329 - n.s. n.s. 
S. densiflorum 0.661 0.663 0.105 - n.s. 
E. ovata 0.668 -0.037 -0.018 0.560 - 

n.s.= not significant 
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Figure 35: Capture ratio (in percent) of insect individuals belonging to different floral visitor 
groups on inflorescences of Tapirira guianensis, Ocotea glomerata, Trichilia lepidota, 
Sclerolobium densiflorum, and Eschweilera ovata.  

See Table 3 for explication of the floral visitor group codes. 
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6 Discussion 

6.1.1 Morphology 

Comparing inflorescence flower number and flower size between the small-sized 

flower species group (Tapirira guianensis, Ocotea glomerata, Trichilia lepidota and 

Sclerolobium densiflorum) with those of Eschweilera ovata, a trade-off between flower 

number and size could be recognized. Although this trade-off is one of the most 

common assumptions in plant reproductive ecology, empirical evidence in a 

phylogenetical wide scope was given only recently (Sargent et al. 2007). 

Bawa and Opler (1975) postulated that dioecism is more common among 

tropical tree species with small (<1 cm), generalist flowers visited by diverse small 

insects (“Bawa Hypothesis”), which was questioned several times later (e.g., Renner 

and Feil 1993, Johnson and Steiner 2000). Species selection at the project start was 

made according to their floral syndrome (small, generalist flowers [except 

Eschweilera ovata] typical for visitation by diverse small insects) and to their 

abundance in the local forests, but not according to their sexuality. The facts found a 

posteriori that three of four tree species with small inconspicuous generalist flowers 

show gender separation (dioecism) and diverse small insects as floral visitors fit 

clearly into the predictions made by Bawa and Opler (1975) and correspond to 

observations made on other Neotropical rainforests (e.g., Ibarra-Manriquez and 

Oyama 1992). Small inconspicuous flowers are generally strongly correlated with 

dioecy within angiosperms (Vamosi et al. 2003). 

 In Tapirira guianensis, the dimensions of single male flowers were smaller 

than that of female flowers, a constellation that was already observed by Bawa and 

Opler (1975) in 70% of the studied dioecious rainforest tree species. However, in 

Tapirira guianensis the higher flower number in male inflorescences and the 

dimensions of male inflorescences and inflorescence clusters clearly compensated 

the smaller male flower dimensions. In other words, sexual dimorphism was much 

clearer present at the level of the display units (inflorescences and inflorescence 

clusters). This bias was also observed for Tapirira guianensis in the Brazilian cerrado 

by Lenza and Oliveira (2005), but was still more pronounced in the current study. 
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The tendency to enhance the male display was reported for many dioecious animal-

pollinated plant species (Bawa and Opler 1975, Opler and Bawa 1978, Vaughton 

and Ramsey 1998, Vamosi and Otto 2002). The consequences of the different 

degrees of dimorphisms in the dioecious species are discussed in the phenology 

section (see below). 

Within the dioecious species, both sexes of Tapirira guianensis and Ocotea 

glomerata flowers provide almost unobstructed access to the nectar that can be easily 

reached also by insects without long proboscises. However, male Trichilia lepidota 

flowers, in spite of their small size, should be interpreted as specialized to one 

defined pollinator group flowers at the beginning of anthesis, as they permit 

legitimate nectar access in these hours only to very thin mouthparts typical for 

butterflies (psychophily). The easier nectar access in the progress of anthesis caused 

by the erection of the male stamens is also reflected by the changing visitor 

spectrum during the day, where butterflies are the almost exclusive floral visitors at 

the onset of anthesis. Simultaneously to the staminal erection, the flowers were 

observed to have a broader visitor spectrum including Diptera and bees and should 

be seen as more generalized in this phase. This may be interpreted as a bet-hedging 

trade-off between optimizing the pollen flux (giving the maximum pollen load 

preferentially to vectors with a high flight range like Lepidoptera) and avoidance of 

pollination failure due to over-specialization in the case of the absence of the more 

specialist pollinators.  

Staminal erection during anthesis is common among many plant families, 

but few publications are available that describe a change in the pollinator spectrum 

during anthesis due to staminal movements. Examples for staminal movements to 

avoid pollination failure at the end of anthesis are given by Jesson and Barrett 

(2002).  

 

6.1.2 Anthesis 

All tree species of the present study have their flowers organized in inflorescences. 

However, as the flowers of these inflorescences enter into anthesis in different 

degrees of synchronisation (see phenology subchapters), understanding of the 
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anthesis behaviour of single flowers and interpretation of their intersexual 

differences is fundamental for to understand the reproductive functionality of 

whole individuals and subpopulations.  

Comparing the length of the functional phases of single flowers of the 

dioecious species with their respective phenological flowering type, the trend 

shown by Gentry (pers. comm. in Primack 1985) in 60 Bignoniaceae species holds 

also for the species of the present study. Generally, “multiple bang” species like 

Tapirira guianensis were stated to have a longer individual floral longevity (mean 

length in Bignoniaceae 2.5 days) than “cornucopia” species like Ocotea glomerata and 

Trichilia lepidota (mean longevity in Bignoniaceae 1 day). 

Contrasting to the other two dioecious tree species of the present study, in 

Tapirira guianensis there is a sharp imparity between the duration of the functional 

anthesis stage in male and in female individuals. This inequality corresponds 

widely to the findings of Lenza and Oliveira (2005) about the anthesis of this species 

in the Brazilian cerrado. In the study of Primack (1985), 14 of 17 dioecious species 

had a greater female than male flower longevity. On the one hand this is plausible, 

as the pollen of the male flowers is no secretion like nectar whose production can be 

easily maintained for days. However, that listing of Primack (1985) neither 

correlated the differences in floral longevity with phenological flowering type nor 

with the plant growth form, flower size nor climatic zone and cannot be used 

therefore as a guideline for small-flowered tropical tree species. In the two 

dioecious cornucopia tree species (Trichilia lepidota and Ocotea glomerata), there was 

no statistical difference between the longevity of single male and female flowers. 

In Tapirira guianensis there is the urgent need to enhance the female 

receptivity as long as possible, as during a triggered flowering event the six days of 

female receptivity might be almost the sole one for a whole year for one individual 

because of the synchronous anthesis of all (female) flowers (see phenology). In 

contrast, there is no need to do the same in the continuously, not precipitation 

triggered dioecious cornucopia species Trichilia lepidota and Ocotea glomerata. 

In Ocotea glomerata, the very uniform flowering behaviour due to the 

continuously flower opening onset, and the minute nectar amounts makes it 

difficult to recognize any flowering rhythmicity. The only sign of rhythmicity 
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observed so far is the stronger floral scent emission between 16:00 and 18:00 h, 

which coincided with a higher Diptera attraction to the flowers, but its further 

significance remains still open. 

When comparing the anthesis behaviour of female and male Trichilia lepidota 

flowers, it becomes obvious that female flowers open their petals less widely 

(remaining slightly incurved) than male flowers (slightly reflexed petals). A 

possible explanation of this behavioural pattern might be the exigency of similar 

low nectar concentrations in male and female flowers to assure the attraction of 

butterflies as the probably most effective pollen vectors. As shown above, the 

staminode filaments in female flowers are more narrow than their male equivalents 

and have no lateral contact between each other contrastingly to the male ones. 

Therefore, the nectar in female flowers is less protected against evaporation by the 

nectar chamber than it is the case in male flowers, and additionally protection 

might be achieved by a lesser opening degree of the petals. On the evolutionary 

cause of more narrow filaments may only be speculated. However, in female 

flowers the effect of filament erection movements is restricted by the mighty central 

stigma. Thus, a laterally closed androecial tube like in the male flowers probably 

would leave the nectar in female flowers too inaccessible to the more generalist 

floral visitors (which access male flowers in the second, more generalist functional 

anthesis stage #4b) and exclude them almost totally. 

In contrast to Eschweilera ovata, in the other hermaphrodite species 

Sclerolobium densiflorum there were diffuse signs of dichogamy (protandry), as the 

pollen presentation began earlier than the stigma exposition. Conversely, the pollen 

presentation ended earlier than the stigma receptivity next night and morning. The 

effective self-incompatibility mechanisms detected in Sclerolobium densiflorum show 

that there is no urgent need for a sharp dichogamy in this species. Exposition of 

both fresh anthers and styles, and floral scent emission during the night turned to 

be disadvantageous for Sclerolobium densiflorum, as it suffers frequently hard beetle 

attacks on these fertile organs, which was observed to destroy the complete fruit set 

of the subpopulation in 2003.  

Most conspicuous particularity in the anthesis behaviour of Eschweilera ovata 

is the rapid and abrupt shedding of the petal and androecium unit few hours after 
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anthesis. This behaviour can be seen in many Lecythidaceae (Prance 1976, Prance 

and Mori 1998), and is understood as a mechanism that evolved to get as fast as 

possible rid from the attractive petals and androecium, which after pollination 

jeopardises the reproductive success by attracting potential floral predators 

(Feinstein et al. 2007). In the case of the local Eschweilera ovata individuals, that way, 

e.g., the porcupine Coendou prehensilis in its nocturnal tree visits was distracted to 

feed almost exclusively on the easily detachable petals and the androecium, but not 

on the whole flower including the recently pollinated gynoecium. The relatively 

late opening time of flowers was also observed in other large bee pollinated, highly 

specialized zygomorphic nectar flowers like Vochysiaceae (Oliveira and Gibbs 1994, 

Gottsberger and Silberbauer-Gottsberger 2006). There, opening is often not 

completed until 10:00 h, and consequently, insect visitation begins not before 08:00 -

10:00 h. Unfortunately, Mori and Boeke (1987) did not inform any opening time of 

Amazonian Eschweilera species. Hentrich (pers. comm.) reported that floral visitor 

activity on the understory tree Eschweilera grandiflora in French Guiana began at 

07:30 h. Possible reasons for these late opening times are debated in the nectar 

discussion section. 

 

6.1.3 Sexual system, reproductive system,  and pollen/ovule-ratio 

In contrast to the findings of Lenza and Oliveira (2005) from the Brazilian cerrado, 

the observed female Tapirira guianensis individuals of the present study lacked the 

ability of apomixis, and the existence of hermaphrodite flowers. Sexual distribution 

of the Pernambuco subpopulation also contrasts with the observations of Ødegaard 

and Frame (2007) from Panama, where all accessible individuals were 

hermaphrodite. This may underline the general instable, or better inconsistent 

reproductive and sexual system of Tapirira guianensis, as already supposed by the 

latter authors. Future analyses of the gender expression of Tapirira guianensis within 

its whole distribution area should provide a better understanding of the 

dependence of the sexual system on factors like, e.g., geographic situation, climate, 

or edaphic factors. 
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Gender change between different years was observed to occur in the 

Mesoamerican Lauraceae Ocotea tenera (Wheelwright and Bruneau 1992, Gibson 

and Wheelwright 1995). These authors hypothesize that in populations of that 

species, sex ratio is more likely to change due to gender switch of single individuals 

than by tree mortality, and that in older trees, the own tree sex may be influenced 

by the sex of the neighbouring trees. However, similar processes could not be 

documented for Ocotea glomerata in the present study within the available 

observation time. 

Breeding and sexual system of Sclerolobium densiflorum could not be tested in 

larger sample size due to extreme inaccessibility of flowering individuals. Judging 

from the findings from individual L232, Sclerolobium densiflorum appears to be 

practically auto-incompatible, because the few fruit set genereated by artificial self-

pollination did not proliferate. 

Flowers of the studied Eschweilera ovata individuals were found to be auto-

compatible, but lacked the ability of spontaneous self-pollination. This confirms the 

findings of Ramalho and Batista (2005) which found the same situation in 

Eschweilera ovata individuals in Bahia. 

Assuming a ratio of 1:1 between male and female flower numbers in the 

dioecious species, the highest P/O ratios among the studied species were found in 

the hermaphrodite species (Eschweilera ovata and Sclerolobium densiflorum), followed 

by the dioecious (Tapirira guianensis, Ocotea glomerata, and Trichilia lepidota). The 

sampled Eschweilera ovata individuals showed also the highest number of anthers 

per flower, pollen grain per anther and ovule number per flower of all species. 

For definitive calculation of P/O ratios in dioecious species, biased sex ratios 

in their populations and intersexual differences in flower production have to be 

taken into account (Opler and Bawa 1978, Armstrong and Irvine 1989, Niesenbaum 

1992, Jürgens et al. 2002), which in woody angiosperms may vary considerable 

between habitats and tree sexes (Forfang and Olesen 1998). In this study, it was 

possible to consider differences in flower production between the male and female 

individuals of the sample, however, the sex ratio between female and male trees 

was surveyed only in very small parts of the forest which cannot claim to be 

representative for the whole fragment. The observed lower number of reproductive 
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female Trichilia lepidota individuals than male in the area used for the phenological 

observations of the tree individuals may be an artefact due to low density of 

reproductive Trichilia lepidota individuals within the forest fragment and the low 

phenology survey area compared with the whole fragment size. Studying two years 

sex expression and sex ratio of four Trichilia species in one hectare of semi-

deciduous forest in southeastern Brazil, Morellato (2004) found in all species no sex 

switch and no statistical deviation from a 1:1 sex ratio. Puentes et al. (1993) found 

signs that in a population of ten Trichilia havanensis individuals, one tree might have 

changed its sex within five years of observation. Supposed differences in the sex 

ratio have to be studied with larger sample sizes, and consequently, due to the low 

abundance of Trichilia lepidota, on essentially larger areas than the other dioecious 

species. 

Cruden (1977, 2000) showed by analysing the pollen/ovule ratios of 

angiosperms that xenogamous species and late-successional species have higher 

pollen/ovule ratio than autogamous or cleistogamous and early-successional 

species, which reflects a higher investment in outcrossing. However, in 

xenogamous species that have their pollen organized in polyads, e.g. Mimosaceae 

like Inga (Koptur 1984), Calliandra (Cruden 1977), and Parkia pendula (Piechowski 

2007), generally, lower P/O-ratios can be found. The tree species evaluated in the 

present study showed high pollen/ovule ratios which can be interpreted as 

relatively high investments in outcrossing: all analysed individuals of the five 

species reached pollen/ovule ratios higher than 1,000 pollen grains per ovule and 

had free pollen grains, i.e., they were not organized in compounds like polyads or 

pollinia. 

Comparing P/O-ratios and stigma areas within the small-flowered tree 

species (with the assumption of a sex ratio of 1:1 at the flower level in the dioecious 

species, Table 8, Table 18, Table 27, and Table 35), the highest P/O-ratio was 

registered in Sclerolobium densiflorum, which had the smallest stigmatic area. 

Medium P/O-ratios were registered in the two species with medium stigma sizes 

(Tapirira guianensis and Ocotea glomerata), and the lowest P/O-ratio in the species 

with the highest stigmatic area and “highest” specialization and pollinators with a 

low surface that comes into contact with the stigma (Trichilia lepidota). This tendency 
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may confirm Cruden and Miller-Ward (1981) which found a clear negative 

relationship between P/O-ratios and the ratio of stigmatic area to pollen-bearing 

area of the pollinator. Jürgens et al. (2002) registered the same tendency when 

comparing 79 Caryophyllidae, and amongst them also in dioecious species. Despite 

the taxonomic differences between the tree species analysed here, there are 

remarkably functional similarities between them, as they share nearly the same 

pollination syndrome, growth form, size, habitat, and canopy stratum. Although 

the actual P/O-ratios in the studied dioecious species are still higher due to the  of 

male flowers at the inflorescence level, the assumption of a 1:1 sex ratio for this 

comparison is not totally invalid. It is widely known that sex expression in plants 

may be unstable, e.g., Tapirira guianensis was observed to be hermaphroditic in 

Panama (Ødegaard and Frame 2007). Further studies on small-flowered insect-

pollinated tree species in Northeast Brazilian forests may clear if this tendency 

holds also in other species. 

 

6.1.4 Nectar 

Nectar amount and concentration 

Nectar was found in the flowers of Tapirira guianensis, Ocotea glomerata, Trichilia 

lepidota, and Eschweilera ovata. Nectar production was reported also from other 

dioecious Ocotea species (Kubitzki and Kurz 1984), and is widely known for 

Eschweilera species (Mori et al. 1990, Knudsen and Mori 1996, Prance and Mori 

1998). In Sclerolobium densiflorum flowers, no detectable nectar amount was 

registered, even when bagging to accumulate nectar. There are other Sclerolobium 

species (e.g., Sclerolobium aureum) where nectar production was observed 

(Gottsberger and Silberbauer-Gottsberger 2006). But unlike pollen collection, nectar 

uptake was not registered as behavioural pattern of the floral visitors of Sclerolobium 

densiflorum.  

All nectar-producing species showed very particular nectar production 

patterns. In Ocotea glomerata, nectar production without manipulation was too low 

to obtain results on nectar production. Therefore, overnight nectar accumulation 
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was necessary. In contrast, Eschweilera ovata flowers did not allow nectar 

accumulation overnight, because of the short life of the nectar-producing structures 

of opened flowers. Thus, data on nectar production presented here are not in all 

aspects comparable between the species. 

Tapirira guianensis produced the by far highest nectar volumes per individual 

of the analysed species, already when only comparing the nectar production of one 

flowering event of Tapirira guianensis with the nectar production of the whole 

flowering period of one of the other species. This outstanding behaviour becomes 

still more evident when one takes into account the repeated (about 3) flowering 

pulses of Tapirira guianensis per flowering period, or even more drastically when 

considering the nectar production per time. The described mean nectar volumes of, 

e.g., five litres in male individuals (the same production magnitude of the bat-

pollinated Parkia pendula; Piechowski 2007) are liberated within few hours, whereas 

in the other species, the nectar production is spread over many weeks. This 

underlines the double importance of the rainfall events within the dry season: they 

are not only the trigger for synchronized flowering in male and female Tapirira 

guianensis individuals, but should also be physiologically necessary for that 

explosive nectar production.  

Nectar sugar concentration and caloric values can be determined more 

accurately with HPLC than with refractometer analyses because of error sources 

like other diluted substances or slightly different caloric values of sucrose and 

hexoses (Corbet 2003, Nicolson and Thornburg 2007). However, many of the 

calculations on absolute nectar and energy amounts per flower carried out in the 

present study are based on refractometer measurements because of the uncertain 

previsions of export permissions for nectar samples at the time of sampling. 

In Eschweilera ovata, increasing nectar sugar concentrations at constant 

volume in bagged flowers of the same individual removed at 08:45, 10:30, and 12:30 

h from their bags gave an indirect hint that nectar production in this species may be 

still active at least until 10:30 h. This increase of nectar concentration may be 

explained by the partial evaporation of the aqueous nectar components until noon 

due to the high water vapour pressure deficit (VPD) and its replenishment by the 

same volume of nectar, not only by water. Direct nectar production rates (repeated 
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measurements on the same flower) could not be measured due to the necessity to 

destruct Eschweilera ovata flowers for nectar sampling, caused by its complex flower 

morphology. The highest mean nectar amounts, sugar amounts and energy 

contents from sugar per flower were registered in Eschweilera ovata, which coincides 

with the presence of Xylocopa frontalis on this tree species, one of the largest 

legitimate pollinators registered on all studied tree species. In two Eschweilera 

species of the Amazon forest, Knudsen and Mori (1996) found similar nectar 

concentrations like in Eschweilera ovata, however, the mean nectar amount was 1.5 

times, and 7 times higher than in Eschweilera ovata, respectively.  

An even higher nectar sugar concentration was registered in Ocotea glomerata, 

however, the values resulted from 24 h nectar accumulation. At that sampling day 

when the accumulation took place, high insolation values and a precipitation less 

than 3 mm, unusual for the mid of rainy season, were registered by the USJ 

climatologic stations for that forest patch. Therefore, part of that high concentration 

might be caused by evaporation of the aqueous nectar components similar to the 

effect observed in Tapirira guianensis, as the bowl-shaped Ocotea glomerata flowers 

do not provide a lot of protection against evaporation to the nectar. 

High nectar concentrations at low nectar quantities in Ocotea glomerata 

appear in an other light when joining the visitor spectrum and morphological traits 

of their flowers. These are almost exclusively visited by flies, especially small 

morphospecies with a body length < 2.5 mm (50% of the captured individuals, see 

Table 58). Many Diptera species (e.g., from muscoid families) are known for their 

ability to dilute high-concentrated sugar solutions like honeydew droppings or 

even solid sugars by their salivary secretions and to feed on them with their lapping 

mouthparts (Kearns 1992, Nicolson 2007). Additionally, with its extremely low 

nectar production together with the high nectar viscosity caused by the high sugar 

concentration, Ocotea glomerata may have a unfavourable cost-benefit ratio for many 

larger visitors and therefore be unattractive for them. Small Diptera however might 

be small enough to satisfy their energy demands even with the amounts offered by 

Ocotea glomerata. At the same time, these fly morphospecies with a body length of < 

2.5 mm (which have a thorax width of <0.6 mm) can receive optimal pollen loads, 

because they fit just into the gap between the external and internal anther whorl 
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(0.46 mm gap width in male flowers) in which the opened anther valves present the 

pollen grains.  

The extremely high peak nectar concentrations registered in the openly 

presented nectar of Tapirira guianensis with simultaneous breakdown of nectar 

volume during hot, rainless days of the dry season (Figure 9) are very likely due to 

the evaporation of the aqueous nectar components caused by the high VPD typical 

for these situations (Corbet et al. 1979, Corbet 2003, Nicolson and Thornburg 2007). 

One should keep in mind that in tree canopies, these climatic conditions are even 

more pronounced. In the other nectar-producing species, the nectar is more 

protected by floral organs like tepals (Ocotea glomerata), anthers and petals (Trichilia 

lepidota), or extremely good protected by the androecial hood (Eschweilera ovata). 

The late flower opening time of large-bee pollinated, zygomorphic nectar flower 

tree species like Eschweilera ovata (see above in the anthesis discussion section) 

might have its reason at least partly in the low susceptibility for nectar evaporation 

of these flowers, caused by the good nectar protection. They might unveil their 

flowers just in that particular moment to avoid concurrence with tree species with 

openly presented nectar, because many flowers of the latter group lose their 

attractiveness due to nectar evaporation just from 09:00 h on. 

 Considering nectar concentration and morphological traits, Trichilia lepidota 

appears to be the least generalist among the dioecious species, and the most 

specialized on butterflies. The relatively low nectar sugar concentration of this 

species can be interpreted as an adaptation to butterflies as pollinators, which fits 

into the floral visitor spectrum of the five tree species (Figure 35), where the highest 

capture ratios of butterflies occurred in Trichilia lepidota. The sugar (energy) intake 

rate by suction-feeding visitors is limited by nectar viscosity which rises with 

increasing concentration (Heyneman 1983, Daniel et al. 1989, Borrell 2007). The 

maximum energy flux rate of nectar solutions at constant pressure drop in the 

proboscis was predicted by Heyneman (1983) to be at concentrations of around 26% 

[w/w]. However, the optimal sugar concentration for a floral visitor may be higher, 

if more time is needed for transit between the flowers (Heyneman 1983, May 1985), 

and nectar sources that occur at high densities, but suboptimal concentrations (as in 
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Trichilia lepidota) may provide more energy intake per time unit than sources with 

optimal concentrations, but lower densities (May 1985). 

Nectar sugar composition 

In terms of nectar sugar composition, one species (Ocotea glomerata) offered 

exclusively sucrose, and Eschweilera ovata almost exclusively. The sucrose-hexose 

ratio in Trichilia lepidota was the most equilibrated of all species, with almost equal 

ratios of fructose, glucose and sucrose, whereas the nectar of Tapirira guianensis was 

clearly dominated by fructose and glucose. 

Attempts were made in the last decades to correlate pollination syndromes 

with the nectar sugar composition (e.g., Baker and Baker 1975). But as recognised 

by these and other authors, phylogenetic history appears to be the primary 

determinant of nectar sugar chemistry, and pollinators have a secondary effect (see 

Nicolson and Thornburg 2007 for review). Additionally, Percival (1961) when 

analysing the sugar nectar composition of 889 species, observed that sucrose 

dominated nectars occur principally in species with long corolla tubes, and hexose 

dominated nectars in flowers with open nectaries. Corbet et al. (1979) and Nicolson 

and Thornburg (2007) supposed that this conspicuous correlation could be 

explained with the higher osmolality of hexose solutions compared with a pure 

sucrose solution of the same (w/w) concentration. In other words, at same (w/w) 

concentration and at the same VPD of the air, hexose solutions evaporate less easy 

than pure sucrose solutions, and therefore, are more likely to be formed in flowers 

with open nectar presentation. As small “generalist” floral visitors like flies or 

short-tongued bees are often associated with these small, open, generalist flowers as 

shown in the present study, this in turn might explain at least partly the correlation 

of these small floral visitors with low sucrose-hexose ratios (see Baker and Baker 

1983). 

Beside these effects, floral nectar sugar composition may also change within 

the same individual during one night (e.g., Parkia pendula; Piechowski 2007) or 

within the same flower among different nectaries (e.g., Helleborus foetidus, Herrera 

et al. 2006). 



6. Discussion 
 

143

Taking into account the sugar composition, the trend towards butterfly 

pollination in Trichilia lepidota described above seems to be no longer visible when 

following Baker and Baker (1983), as these authors describe high sucrose rates as 

typical for butterfly pollinated flowers. According to these authors, the equilibrated 

ratio between fructose, glucose and sucrose found in Trichilia lepidota would be 

more typical for short tongued bee-, or fly-pollinated species. However, the 

intermediate composition observed in this species may be also interpreted as a 

trade-off between “traditional” butterfly preferences (high sucrose ratios) on the 

one hand and the need of avoiding too viscose nectar for butterflies on the other 

hand, achieved by a hexose-rich nectar which is less susceptible to evaporation than 

pure sucrose nectar in small, semi-open flowers like that of Trichilia lepidota. 

The sucrose dominance observed in Ocotea glomerata is a phenomenon that is 

more frequently observed in plants pollinated by hummingbirds, butterflies or 

long-tongued bees (Baker and Baker 1983). However, flies were the most frequent 

visitors of this species. When following the argumentation that Ocotea glomerata is 

narrowing its visitor spectrum towards small flies (see above), a sucrose-dominated 

nectar composition that evaporates more easily to higher concentrations might help 

to exclude many other floral visitor groups excepting flies, which can dilute and 

access even minute, high concentrated nectar quantities with their salivary 

secretions. Also from other Ocotea species, dipters including small species were 

reported to constitute the floral visitors (Kubitzki and Kurz 1984). 

The composition of the Tapirira guianensis nectar made almost exclusively of 

hexoses becomes also more meaningful in the light of lower evaporation likelihood 

of hexose solutions compared with pure sucrose solutions. As Tapirira guianensis 

has the by far most open nectar presentation of the species of the present study, a 

nectar composition that makes evaporation more difficult was most likely to be 

expected. With this characteristic, the species would fit into a generalist pollination 

syndrome according to Baker and Baker (1983), which claimed that this 

composition is typical for short-tongued bee or fly-pollinated species. 

The floral syndrome of Eschweilera ovata is morphologically highly 

specialized for long-tongued bees like Xylocopa frontalis, the legitimate pollinator of 

Eschweilera ovata in the Mata de Piedade forest fragment. The sucrose dominance of 
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its nectar can be interpreted as a further adaptation to that pollinator group, as both 

in taxonomically broad species groups (Baker and Baker 1983, Gottsberger et al. 

1984) and in monophyletic tribes (Elisens and Freeman 1988, Perret et al. 2001), 

long-tongued bees seem to prefer sucrose-rich or sucrose-dominated nectars. 

Additionally, as the nectar is here best protected against evaporation among the 

analysed species, sucrose breakdown to hexoses as evaporation protection appears 

least necessary in Eschweilera ovata. 

Nectar amino acid composition 

In the nectar of all four nectar-offering tree species, ten of the 17 detectable amino 

acids were identified. Comparing the number of occurring amino acids between the 

species, the highest number (8) was found in Eschweilera ovata and Ocotea glomerata, 

followed by Trichilia lepidota (5) and Tapirira guianensis (4 amino acids). The most 

abundant amino acid was proline with 48 of 49 positive tested nectar samples. In all 

species, this amino acid was also the amino acid with the highest mean 

concentration. Its presence may indicate pollen contamination of the nectar sample 

(Linskens and Schrauwen 1969, Gottsberger et al. 1984), however, there are also 

examples for floral and non-floral nectar sources that are typically rich in proline 

(Blüthgen et al. 2004, Carter et al. 2006). Carter et al. (2006) showed that Apis 

mellifera prefers proline-rich nectar and hypothesise that proline is offered as an 

attractant for pollinating insects which can be tasted by them (Hansen et al. 1998, 

Wacht et al. 2000, Gardener and Gillman 2002). It is easy to metabolise and could be 

used by honeybees for short-term energy bursts (Nicolson and Thornburg 2007). 

Nectar samples in the present study were taken carefully, and high proline 

concentration in pollen-less female Tapirira guianensis flowers (Table 56) clearly 

indicates that high proline concentration can be natural. In Eschweilera ovata, where 

proline was also the highest concentrated amino acid, the nectar is formed some 

centimetres away from the pollen-containing anthers. As it was sampled by cutting 

the androecial hood on its side far from the anthers, pollen contamination could be 

excluded. On the other hand, a certain contamination with amino acids during 

sampling may have occurred, as it was necessary to cut neighbouring plant tissue 

for sampling, a case in which Gottsberger et al. (1990) observed increasing amino 
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acid concentrations (but not of proline) within the next minutes. Rapid nectar 

sampling immediately after cutting the androecial hood should have minimized 

this effect in Eschweilera ovata.  

Comparing the nectar amino acid concentrations between the nectar-

producing species of the present study, not much of the tendencies suggested by 

Baker and Baker (1986) could be confirmed by the present results and the species’ 

major groups of registered floral visitors.  

Amino acid release of flowers into their nectar on a taxonomically broad 

scale was discovered relatively late (Baker and Baker 1973). Nectars from fly-

pollinated species were claimed by these authors to have generally higher total 

amino acid concentrations than butterfly-pollinated flowers, and these have still 

higher amino acid concentration than flowers pollinated by long-tongued bees or 

by generalist floral visitors (e.g., Baker and Baker 1975, Baker and Baker 1986). 

Especially for Lepidoptera imagines with their mostly exclusively sucking mouth 

parts, floral nectars with diluted amino acids are in fact one of the few possible 

nitrogene sources. In male tropical rainforest butterflies, longevity increased with 

amino acid uptake (Beck 2007). Female imagines were observed to prefer nectars 

with high amounts of amino acids regardless of their diversity (Murphy et al. 1983, 

Alm et al. 1990, Erhardt and Rusterholz 1998, Mevi-Schütz and Erhardt 2003), and 

in some species female adult’s amino acid uptake enhances their fecundity (Murphy 

et al. 1983, Mevi-Schütz and Erhardt 2005), but see also Moore and Singer (1987) 

and Hill and Pierce (1989) where no effects were observed. 

The trend of Trichilia lepidota towards specialization for butterflies observed 

in morphological and nectar sugar concentration traits was not recognisable in its 

nectar amino acid concentration, as it had the lowest concentration of that four 

species. More nectar samples from other Trichilia lepidota individuals may clear if 

the tendency of low amino acid concentration holds also in the rest of the local 

population. Additionally, intentional pollen contamination caused by the visiting 

butterfly itself during the visit of male flowers may enhance the proline content of 

the nectar (Linskens and Schrauwen 1969) in that flowers, as it is known from 

butterfly species like Heliconius erato (Gilbert 1972). 
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As suggested to be typical for fly-pollinated species (Baker and Baker 1986), 

the amino acid concentration found in the nectar of Ocotea glomerata was relatively 

high. Within the tested species, the proline concentration attained the highest 

registered mean values in Ocotea glomerata. As in flies a strong stimulation of the 

salt chemosensory cell by proline was observed (Hansen et al. 1998), the high 

proline concentration may be interpreted as an attractive for flies. The nectar 

samples obtained for amino acid analysis were taken only from bagged male 

individuals. Therefore, natural pollen contamination can not be excluded, as the 

anther valves open spontaneously, catapulting occasionally pollen grains onto the 

nectaries. However, this contamination occurs naturally and has to be interpreted 

as normal at least for male individuals. Nectar sampling on bagged female Ocotea 

glomerata flowers might clear on which extent natural pollen contamination could 

play a role for amino acid enrichment of nectar in this species. 

The high amino acid concentration registered for Eschweilera ovata flowers, if 

not artificially caused by the hurt androecial hood during sampling, could be 

advantageous for female Xylocopa frontalis bees. As a solitary bee species, female 

individuals should have a high reproductive expenditure and might therefore 

prefer nectars with higher amino acid contents. Therefore, these high amino acid 

values could be interpreted as an additional attractive of Eschweilera ovata for its 

legitimate pollinator. Although the nectar of this species could be excluded to be 

illegitimately consumed by flies, the high concentration of arginine in the nectar of 

Eschweilera ovata which was reported to have an inhibitory effect on flies (Nicolson 

and Thornburg 2007) could be interpreted as repellent to nectar robbers. 

No correlation between nectar sugar and amino acid concentration of single 

nectar samples was found except for Tapirira guianensis where it was significant. 

This indicates that generally there is no such a trend and that amino acids may be 

produced independently from nectar sugars (Gottsberger et al. 1989). The 

correlation found in Tapirira guianensis might be explained that in this species, the 

open nectar presentation in the flowers implicates a strong abiotic influence on the 

total nectar concentration caused by the oscillations of the air water vapour 

pressure deficit. 
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6.1.5 Floral scent 

Scent strength 

Subjective perception of the strength of scent emission of single flowers, and the 

estimations of the per flower scent production per flower and hour showed that 

within the studied dioecious species, the scent production of Trichilia lepidota 

flowers appears to be clearly higher than those of Tapirira guianensis and Ocotea 

glomerata. In contrast to the last two species, the petals of Trichilia lepidota had at its 

insides a surface-enhancing structure that diverged largely from the rest of the 

floral surface tissues. The coincidence of this enhanced surface with scent 

production by the petals and a clearly higher scent strength indicate that these 

structures in Trichilia lepidota might have the function of osmophores. Such scent 

enhancing, emerging glands were mainly observed in Orchidaceae (e.g., Pridgeon 

and Stern 1983, Pridgeon and Stern 1985, Stern et al. 1987), but also in other families 

like Araceae (Vogel and Martens 2000) or recently, in Annonaceae (Teichert et al. in 

press).  

In contrast to the present and Ødegaard and Frame’s (2007) results, Lenza 

and Oliveira (2005) state that the flowers of a Brazilian cerrado Tapirira guianensis 

population had “few or no odour”. Disregarding that subjective scent perception 

could vary largely between different authors, this finding may have its origin 

because of several reasons. On the one hand, it seems possible that Tapirira 

guianensis produces weaker floral odours under unfavourable conditions. Lower 

growth heights (up to 13 m) of Tapirira guianensis in the cerrado (Lenza and Oliveira 

2005) than in the current study (up to 27 m) or in Panama (up to 35 m, Ødegaard 

and Frame 2007) indicate the adverse conditions for this species in the cerrado. 

Additionally, the typical high aluminium concentrations in the tissue of cerrado-

growing plants may block pathways of the floral volatiles production, although the 

physiological and biochemical mechanisms of aluminium toxicity in plants are still 

far from being fully understood (Zheng and Yang 2005). On the other hand, the 

inflorescences of male Tapirira guianensis individuals described by Lenza and 

Oliveira (2005) had a mean flower number of 514 flowers, less than 50% of the value 

found in the present study. Consequently, their scent output is likely to be lower 
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than in the Atlantic rainforest of Northeast Brazil. In the field, the scent strength of 

full flowering male Tapirira guianensis trees at the first day of their flowering event 

was felt to be equal or stronger than those of comparable male Trichilia lepidota 

individuals. The lower per flower scent production of Tapirira guianensis compared 

to Trichilia lepidota seems to be outweighed by the by far higher number of 

synchronously open flowers during a flowering event in Tapirira guianensis 

individuals. 

Scent composition 

The present study is the first description of the floral scent composition for Tapirira 

guianensis and the whole Anacardiaceae family. The same is the case for Trichilia 

lepidota and the Meliaceae family, and for Ocotea glomerata and the genus Ocotea. 

Judging from the morphological floral syndromes of the species of the 

present study and the observed visiting insect morphospecies, one should expect 

generalist floral scents with high dominance of common compounds in the 

generalist species (Tapirira guianensis, Ocotea glomerata, Trichilia lepidota, and 

Sclerolobium densiflorum), and more specialized odours in the species with a 

specialized morphology and a narrower visitor spectrum (Eschweilera ovata). This 

assumption was generally confirmed in Tapirira guianensis, Ocotea glomerata and 

Trichilia lepidota by the ranking of the substances with the highest relative amounts 

when compared with their overall commonness in floral scents (Knudsen et al. 

2006), however, remains still open due to the weak signals in Eschweilera ovata. 

Among the ten highest concentrated substances in the scent of Tapirira 

guianensis, six belong to the ten most common compounds ever found in floral scent 

(Knudsen et al. 2006) and make up approximately 65.5% of the amount of scent 

emitted. Additionally, the first three ranks in Tapirira guianensis are occupied by 

compounds present on that list. Therefore, the floral scent of Tapirira guianensis may 

be classified as being quite generalist.  

In Ocotea glomerata, among the ten highest concentrated substances, five 

belong to the top ten list of Knudsen et al. (2006) and make up approximately 79.5% 

of the amount of scent emitted. Additionally, the first two ranks are occupied by 
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substances present on that list and therefore, the floral scent bouquet of Ocotea 

glomerata may also be classified as being quite generalist. 

Among the ten highest concentrated substances in the scent of Trichilia 

lepidota, four belong to the most common floral scent compounds (Knudsen et al. 

2006) and make up approximately 74.3% of the compound amount. The first rank 

substance (63.6% relative amount of (E)-ocimene) can also be found on the list of   

Knudsen et al. (2006). Therefore, the floral scent bouquet of Trichilia lepidota again 

may be classified as being quite generalist. 

With these generalist blends, these species are thought to attract a great 

variety of floral visitors (see insect visitor chapter), however,  nectar concentration 

amount constraints (Ocotea glomerata) or nectar accessibility constraints (Trichilia 

lepidota) are likely to filter between the visitors in these two species and narrow the 

spectrum of the abundant (not occasional) visitors. 

 In contrast to these three more generalist species, in the specialized species 

Eschweilera ovata the most abundant and one of the most concentrated substances 

was 1,8-cineole, as single substance known to attract bees. As can be seen in the 

insect visitor chapter, this species is practically exclusively visited by bees. 

 In Tapirira guianensis, a clearly decreasing relative amount of β-

caryophyllene in scent samples taken every two hours from the morning on led to 

an increase of other compounds, especially monoterpenoids, with simultaneously 

decreasing total amounts. Changes in the relative amount composition of floral 

scents are a phenomenon frequently observed in plants and could have several 

reasons. It may influence the pollinator behaviour, e.g. by advising already 

pollinated flowers by post-pollination repellence (Schiestl and Ayasse 2001, 

Muhlemann et al. 2006), indicate herbivory for natural predators of herbivores (e.g., 

Turlings and Tumlinson 1992, Turlings et al. 1995) or might be a sign of wilting 

(Piechowski 2007) caused by the different speed needed to fade out of the different 

volatile synthesis pathways (Pichersky et al. 2006). In the case of Tapirira guianensis, 

the total floral scent spectrum over time becomes broader by its β-caryophyllene-

rich and its β-caryophyllene-poor phase. Therefore, insect groups both attracted 

and repelled by high concentrations of this substance might be appealed in the 

course of the day by the scent bouquet of Tapirira guianensis. The general low 
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overlap between the scent components of male and female flowers might indicate a 

gender-specific scent dimorphism, as it was recently observed in Fragaria (Ashman 

et al. 2005), but has still to be confirmed. 

The floral scent sample taken in Ocotea glomerata between 16:00 h and 18:00 h 

was very weak, and limonene was the only compound high enough concentrated to 

be identified in that sample. Its continuously increasing relative amounts in the 

scent samples taken at the same day and individual indicates that the limonene 

emission may play a major role in male Ocotea glomerata individuals in the evening. 

The stronger attraction of Diptera and generally stronger perceptible scent emission 

between 16:00 and 18:00 might also be related to the increment of the limonene 

emission, but has still to be proven. Limonene was found to be secreted by the 

males of some fruit fly (Tephritidae) species as one of their sexual pheromones 

(Rocca et al. 1992, Lima et al. 2001). Both sexes of a fruit fly (Tephritidae; insect 

morphospecies #68 L. Krause) were captured various times as floral visitors of 

Ocotea glomerata on female and male tree individuals. Therefore it cannot be 

excluded that Ocotea glomerata is attracting female fruit flies as floral visitors by 

mimicking the presence of male fruit flies with its floral scent, however, this 

presumption has to be confirmed by bioassays. Kubitzki and Kurz (1984) report fly 

attraction also from other Ocotea species, especially in Ocotea opifera where the floral 

scent was described as disagreeable. 

Within the dioecious species of the present study, the bouquet of Trichilia 

lepidota was the most imbalanced with 63.6% (E)-Ocimene. A quite similar 

dominance of that substance was also observed in Ocotea glomerata (50.9%).  

In a recent survey on floral scent bouquets of butterfly-pollinated species, 

Andersson et al. (2002) stated that there is no single compound that can be 

attributed to a worldwide butterfly pollination syndrome. However, at the level of 

compound classes, these authors showed that the floral volatiles of American and 

especially, Neotropical plant species like Lantana camara (Verbenaceae) or 

Warszewiczia coccinea (Rubiaceae) are dominated by monoterpenes and the 

sesquiterpene β-caryophyllene, in contrast to European ones which are dominated 

by fatty acid derivates, benzenoids and the irregular terpene oxiisophorone. Using 

the same classification of compound classes like Andersson et al. (2002), the floral 
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scent bouquet of Trichilia lepidota fits in that predictions of these authors (see Figure 

22). In spite of their low relative amounts, benzenoids and a variety of linalool-

related compounds are well present in the Trichilia lepidota scent, substance groups 

that are commonly emitted from butterfly-pollinated plants (Andersson et al. 2002).  

On the other hand, the scent blends of Tapirira guianensis and Ocotea glomerata at the 

level of that compound classification resemble largely that of Trichilia lepidota 

(Figure 22), showing that this compound class composition is by no means 

exclusive for butterfly-pollinated Neotropical species.  

Knudsen and Mori (1996) reported for Lecythidaceae that their floral scents 

are often dominated by few substances. In Eschweilera coriacea sampled by these 

authors, however, the scent composition was relatively outbalanced, with no single 

substance exceeding 16%. In Eschweilera ovata, among the major compounds there 

was 1,8-cineole, which was the most abundant compound in the scent samples of 

that species in the present study. As single substance it is known to attract bees, 

especially scent-collecting male Euglossinae bees, and is also present as major 

compound in the floral scents of Euglossinae-pollinated species of other families 

like Araceae (Hentrich et al. 2007), Annonaceae (Teichert et al. in press), or 

Orchidaceae (e.g., Hills et al. 1972, see Knudsen et al. 2006 for review). The 

observed absence of Euglossinae on the flowers of Eschweilera ovata could mean 

either that there were additional substances (e.g., repellents) in the bouquet that 

were still not detected due to the weak samples but which decrease the 

attractiveness of 1,8-cineole, or that Euglossinae are not present in the studied forest 

patch. Future tests with scent baits using 1,8-cineole as a pure substance during the 

flowering time of Eschweilera ovata might help to clarify which of the possible 

reasons are true. 

The substance (E)-4,8-dimethyl-1,3,7-nonatriene (DMNT) is a green leaf 

volatile that acts in many plant species as an alarm substance that plants emit in the 

case of herbivore attacks to attract parasites (parasitoids) of these herbivores (e.g., 

Turlings and Tumlinson 1992, Turlings et al. 1995, Ishiwari et al. 2007). The 

presence of DMNT in some floral scent samples of all three dioecious tree species 

might be induced by mechanical effects on the fragile inflorescences during the 

arrangement of the ovenbag headspace or by eventually overseen herbivores in the 
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enclosed inflorescence. However, it is also released as a regular floral scent 

compound in Yucca filamentosa (Svensson et al. 2005). 

The relatively weak scent samples in Eschweilera ovata have probably 

impeded the detection of further, lower concentrated compounds. Restrictive 

export permission handling by the Brazilian authorities and missing analytical 

infrastructure near the field site did not permit a prompt quality control of the 

taken scent samples. Due to lacking of flowering in Sclerolobium densiflorum in 2005, 

scent samples could not be taken from this species. 

6.1.6 Flowering phenology 

Male excess and phenology in dioecious species 

The phenological patterns turned clearly out to be indispensable for explaining the 

functionality of morphological characteristics of the plant species, especially in 

terms of the different degree of sexual dimorphism found in the dioecious species. 

For comparisons in this regard, the tree species Tapirira guianensis, Ocotea glomerata 

and Trichilia lepidota are remarkably appropriate because they share many common 

characteristics like: 

a) dioecy as sexual system 

b) habit and size (canopy tree species that exceed 20 m in height) 

c) coexistence in the same habitat, climate, forest patch, and rainforest type 

d) small flowers (3-4 mm diameter) 

e) inconspicuous flower colour 

f) flowers organized in loose, axillary inflorescences 

g) inflorescences grouped in clusters near the apex of the branches 

h) inflorescence clusters are the largest distinguishable attraction units for 

floral visitors. 

At the level of larger attraction units, this study showed a coincidence of low 

male excess with a cornucopia (sensu Gentry 1974) flowering type, and high male 

excess with a pulsed-bang phenological type in combination with shorter male 

flowering. So far, degree of sexual dimorphism in dioecious plants, flowering time 

differences between male and female individuals, and phenological flowering types 
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were rarely brought into context, and available information is very scarce. Opler et 

al. (1976) showed that the big-bang, short flowering Bernardia nicaraguensis 

(Euphorbiaceae) presented at the second and last day of flowering practically only 

pistillate flowers, however, without giving any information about the degree of 

sexual dimorphism. For the butterfly- and hawkmoth-pollinated, pulsed-bang 

flowering Randia spinosa and Randia subcordata (Rubiaceae), Opler & Bawa (1978) 

found at the level of individuals a male excess of 5.7, and 36.3, respectively. 

However, only a flowering time of five days in both species regardless of the tree 

sex was informed (Opler et al. 1976). Anyhow, the highest male excess degree in the 

study of Opler & Bawa (1978) was reached by a pulsed-bang species (Randia 

subcordata).  

In the dioecious, sphingophilous cornucopia species Jacaratia dolichaula 

(Caricaceae), Bawa (1980b) found a male excess of approx. 6.0 at the population 

level of floral display in the periods of normal female flowering intensity. 

Vamosi and Otto (2002) modelled that there might be a higher extinction risk 

for dioecious species at higher degrees of male over female excess, however, these 

authors did not consider the possible influence of different temporal presentation 

patterns of the female and male floral display. Only Lenza and Oliveira (2005) 

assumed just for Tapirira guianensis that the male excess is responsible for pollinator 

guidance from male to female tree individuals during the short flowering peaks. 

This assumption is fully supported by the present study.  

In spite of the high frequency of dioecy in tree species compared to other 

growth forms (see introduction), little is known on the phenological flowering types 

of dioecious tree species. Of 12 rainfall-triggered tree species in Costa Rica that 

flower in short pulses, three were dioecious, one of them a big-bang flowerer and 

two of them pulsed-bang flowerer (Opler et al. 1976). For some dioecious species 

like Guarea rhopalocarpa, “episodic flowering” as intermediate form between 

multiple-bang and cornucopia flowering is reported (Bullock et al. 1983). Morellato 

(2004) found for three Trichilia species a broad peaked cornucopia behaviour, as it 

was also observed in Trichilia lepidota (present study) or in Virola sebifera 

(Myristicaceae; Lenza and Oliveira 2006). There are few records on phenological 

flowering types in Ocotea; reports on Ocotea tenera by Wheelwright and Bruneau 
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(1992) indicate that it might have a cornucopia behaviour. For other Tapirira species, 

Mitchell (1997) informed repeated flowering peaks in Tapirira obtusa, and short 

flowering restricted to one month for Tapirira bethanniana. 

The pulsed-bang flowering of Tapirira guianensis should also be understood 

as a bet-hedging adaptation. Due to its fruit ripening time of approx. 100 days 

(Krause and Gottsberger 2007), the recalcitrant, non dormant seeds run the risk of 

drying out, if the rainy season has still not set on at the fruiting time. Multiple 

flowering peaks may distribute this risk by causing multiple fruit fall peaks. This 

may be one of the possible causes of the high success of Taprira guianensis in the 

Northeast Brazilian rainforests, which episodically suffer remarkable droughts (see 

study area section). 

During the short, population-synchronous flowering pulses of Tapirira 

guianensis, the whole female individuals are receptive only for approx. 6 days, and 

the male individuals rarely exceed three days of flowering in that time. Therefore, it 

is extremely important to govern the routes of the floral visitors from male towards 

female individuals in that short time slot. Temporary excessive attractiveness of the 

pollen donors caused of a by far larger display of male flowers appears to be one of 

the simplest solutions of this dilemma. Selective visitors that exploit first the most 

attractive and then the less attractive resources should be susceptible for such 

flowering behaviour (Beach 1981, Frankie and Haber 1983, Cruzan et al. 1988). 

Additionally, in a generalist species like Tapirira guianensis, a guiding cue from male 

to female individuals should be hold in a very simple, universal “language” which 

can be understood by many floral visitors, independent of the preferences of single 

insect taxa. Against that background, resource excess appears hardly beatable in 

terms of cue simplicity. 

 In Tapirira guianensis, the male over female flower excess at the level of 

inflorescence clusters (24.3:1) was more than four times higher than in the other two 

studied dioecious species (Ocotea glomerata, 3.7:1 and Trichilia lepidota, 3.8:1). The 

lower excess in the last two species may be interpreted as an adaptation to the 

cornucopia phenological behaviour of those species, with both male and female 

flowers flowering many weeks in parallel. A male excess degree like in Tapirira 

guianensis would in these species probably lead to visitor movements only between 
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male individuals but not towards female ones, because at such dimorphism 

degrees, the females are likely to be overseen, especially in years of low pollinator 

abundance (Bullock and Bawa 1981, Vamosi and Otto 2002).  

Rainfall triggering as cue for synchronous flowering 

Triggering of anthesis through rainfall in plants, as observed in Tapirira guianensis, 

was observed and discussed early by scientists (e.g., Seifriz 1923). Opler et al. (1976) 

assume that flowering triggered by rainfalls might be quite common in the tropics, 

however, as detection requires availability of daily rainfall data and very short 

observation intervals, studies on that phenomenon are scarce. For Brazil, the 

present study is the first which gives evidence for flowering triggering by rainfall in 

a native tree species. 

Interpretation of the ecological context of “rain flowers” began four decades 

ago (Janzen 1967), focusing on the semideciduous regions of Central America. 

Opler et al. (1976) showed that rainfall triggered, staggered flowering of a series of 

tree and shrub species in Costa Rica allowed for cross pollination and produced an 

extremely attractive reward that guarantees pollinator visits. Species which 

attracted the same pollinator guilds did practically not overlap within the flowering 

sequence, avoiding pollinator competition that way. Typical for all 12 species 

analysed by Opler et al. (1976) was their extremely short flowering duration of 3.2 ± 

1.4 (mean ± sd) days per event and species, which is practically the same duration 

observed in Tapirira guianensis.  

The general pattern for rainfall-triggered species is that flower buds enter 

into dormancy during the drought, until rainfall releases the dormancy and initiates 

the final stages of the bud development (Alvim 1960, Opler et al. 1976). Likewise, 

this could be clearly seen in Tapirira guianensis. In 2004/2005, e.g., almost all 

observed individuals stayed dormant for more than 106 days due to the lack of 

triggering. This is highly explicative for the observed flowering seasonality of 

Tapirira guianensis, which is flowering during and at the end of the dry season in its 

whole distribution area independent of the daylength (Mitchell 1997, Lenza and 

Oliveira 2005, Ødegaard and Frame 2007). Only during the dry season, isolated 

rainfalls are a clear signal that leads to synchronous flowering in species receptive 
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for rainfall triggering. However, in the rainy season, single rainfalls would not lead 

to synchronized flowering because of the other frequent rainfalls that blur the 

signal clarity (Opler et al. 1976).  

Detailed experimental work on the rainfall-triggered scrub species Hybanthus 

prunifolius (Violaceae) by Augspurger (1980, 1981, 1982) proved that pollinator 

attraction and seed set rate decreased significantly when artificial serial flowering 

was induced instead of synchronous (in parallel) flowering of the individuals. 

Additionally, the attack rate by seed predators increased significantly in the serial 

flowered experimental population. A comparable low seed set rate was observed in 

the few Hybanthus prunifolius control individuals that flowered asynchronously 

before or after the main flowering peak, similarly to the fruit set rate of the few 

flowering female Tapirira guianensis individuals that were observed in February and 

March 2007.  

One should expect that due to its generalist flowers, Tapirira guianensis does 

not suffer from any pollinator limitation, even in highly disturbed rainforest 

patches. At the same time, rainfall events were reported to cause also the emergence 

of imagines of holometabolic insects and to synchronize their reproduction, 

especially in areas which are characterized by a pronounced dry season (see, e.g, 

Danforth 1999). The seemingly higher general density of small insects during the 

flowering events of Tapirira guianensis might be a subjectively biased impression. 

However, as the study area has a pronounced dry season likewise, insect 

emergence caused by the same rainfall events that also cause flowering can not be 

completely excluded as factor which additionally enhances floral visitor abundance 

in Tapirira guianensis. 

 Except for a Tabebuja species that was seen to flower after heavy rainfalls in 

January 2004, so far no other mass-flowering, rainfall-triggered species was 

observed neither in the Mata de Piedade nor in other neighbouring USJ forest 

fragments.  
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Irregular flowering rhythms 

In Ocotea glomerata, the significantly longer, two-peaked flowering of the male tree 

individuals became comprehensible only in the third year of observation: then, 

females flowered only after the precipitation peak, instead of doing so before the 

maximum like observed in 2003 and 2004. Apparently, the male individuals do not 

have the information if the females are flowering or not, and therefore flower both 

before and after the rainfall peak. This seems to be analogous to other woody 

dioecious species, like Siparuna grandiflora (Siparunaceae), where males flower more 

frequently than females (Nicotra 1998), or Jacaratia dolichaula (Bawa 1980b, Bullock 

and Bawa 1981), where males were repeatedly observed to precede female 

flowering. Tendencies of shorter female flowering periods were also observed 

2003/2004 in Tapirira guianensis, and 2004 in Trichilia lepidota (data not shown). The 

fact that in the dioecious species the variations in flowering duration and time were 

more pronounced in the female individuals indicates that these differences might 

have its origin mainly in the different individual female performance after different  

intensive fruiting periods. 

The observed Sclerolobium densiflorum subpopulation appeared to have some 

kind of supra-annual rhythm sensu Newstrom et al. (1994). It is thought that the 

lack of flowering in the whole population in 2005 (after flowering without fruit set 

in 2003 and flowering with fruit set in 2004) could be a normal phenomenon after 

fruiting, based on the inflorescence architecture. In contrast to the other four 

species, only in Sclerolobium densiflorum they insert in a truly terminal position, and 

new apical meristems appear to be necessary before formation of new flower 

primordia. This was also observed, e.g., in coffee (Camargo and Camargo 2001). 

The consecutive flowering in 2003 and 2004 might have its reason in the lack of fruit 

set in 2003 caused by massive beetle florivory. Therefore, in 2004 the terminal 

insertion site was not blocked by infrutescences. Contrastingly, this was the case 

until July 2005 when the infrutescences resulting from the former flowering season 

were hold on the very tip of the branches. Due to the lack of  flowering in a 

considerable part of the observed adult trees in two consecutive years (2004 and 

2005), lack of flowering in individuals that not flowered in 2005 despite of flowering 



6. Discussion 
 

158

without fruit set the year before, and discontinued observation after 2005, the long-

term flowering pattern of Sclerolobium densiflorum still remains poorly understood. 

 

Cornucopia flowering in the hermaphrodite species 

Comparing the flowering patterns of the two hermaphrodite tree species, 

Eschweilera ovata had the longer flowerings periods, which was observed to be 

caused particularly by asynchronous flowering of few isolated individuals. 

Compared to the more synchronous species Sclerolobium densiflorum, this seems not 

to be disadvantageous. In contrast to the last species, Eschweilera ovata is auto-

compatible and needs for fruit set only legitimate visits of an appropriately sized 

pollinator (large bee species), but not necessarily pollen from another tree 

individual. On the other hand, it is pollinated by traplining insects (Xylocopa 

frontalis, see insect chapter), which are widely known to transfer pollen even from 

comparatively distant individuals. Thus, despite of the asynchronous flowering, 

isolated Eschweilera ovata individuals may have a real chance to receive pollen from 

distant but flowering conspecifics.  

As in other rainforest Eschweilera species (Mori and Prance 1987), the 

flowering peak of Eschweilera ovata is in the dry season. This could explain the 

resumed inflorescence development and flowering in some Eschweilera ovata 

individuals in the drier than normal March and April 2005 (see Figures 2 and 33). 

Borchert (1983) assumes in this regard that flowering in tropical trees is largely 

determined by seasonal changes in its water status and not as result of selection for 

optimal tree-pollinator interaction. 

Even in Sclerolobium densiflorum, the synchrony between the individuals was 

in no way perfect during its flowering period. For small-flowered outcrossing 

species like Sclerolobium densiflorum this is essential, as movements of small, non-

traplining insects between tree individuals are thought to be caused principally by 

subtle differences in the resource offer that varies from day to day between single 

tree individuals (see Frankie and Haber 1983, and references therein).  
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6.1.7 Floral visitors 

Many possible consequences for floral visitors resulting from the reproductive and 

phenological traits of the tree species were already debated in previous discussion 

chapters and, for a better legibility, will not be here repeated in extension. 

In contrast to other tree species, the exposed position of the inflorescences at 

the very end of thin branches typical for Tapirira guianensis, Ocotea glomerata, 

Trichilia lepidota and Sclerolobium densiflorum complicated considerably the 

continued access to their inflorescences due to static reasons. Additionally, the 

temporarily installed climbing equipment in the trees was frequently stolen, or 

failed due to heavy abrasion by tree movements. Thus, the desirable insect 

sampling effort was not reached in all cases, especially in reproductive, female 

Trichilia lepidota. However, the estimated sampling efficiencies of nearly 50% in all 

species indicate that insect sampling was not discontinued too early.  

Due to the high richness of floral visitors found in the tree species, 

identification up to the insect species level was only possible for a subset of the 

sampled insect specimens. Nevertheless, categorisation into morphospecies and 

assignment of morphospecies numbers enabled comparisons at least between the 

five analysed tree species. 

The strong correlation of flower size with the floral visitor body size  (Table 

52) is thought to reflect primarily the moderate density of single flowers within the 

inflorescences. In all five tree species the role of inflorescences and inflorescence 

clusters should be primarily pollinator attraction, however, the concrete plant-

animal interaction occurs at the level of single flowers. Interactions primarily on the 

inflorescence level are visible, e.g., in the much more compact capitulae of bat-

pollinated Mimosaceae like Parkia pendula.  

The high number of insect species/morphospecies on flowers (342), and the 

even higher estimated total species number (approx. 700) found on only five tree 

species reveal the enormous importance of frequent tree species for maintaining 

tropical insect biodiversity. Except for few relatively well studied insect species 

(e.g., Xylocopa frontalis; see Freitas and Oliveira Filho 2003 and references cited 

therein), practically nothing is known about the specific role of each tree species in 

the life history of each of this floral visitor species. 
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The positive correlations of the floral visitor spectra between some tree 

species (Table 54) might indicate slight similarities on the level of functional floral 

visitor groups between that species. On the reasons for this, however, can only be 

speculated, as the correlations are not very strong and as there are still too many 

unknowns for a more detailed evaluation. Common to the concerning species is 

that they share two or more functional floral visitor groups at low or high ranks, 

respectively. In the case of the correlation between Tapirira guianensis and 

Eschweilera ovata, this should be rather seen as an artefact due to the the narrow 

visitor spectrum of Eschweilera ovata (Figure 35, Table 45). In contrast, the remaining 

significant correlations between Tapirira guianensis and Sclerolobium densiflorum, and 

between Sclerolobium densiflorum and Ocotea glomerata, should be interpreted as 

expression of an actual similarity in terms of important floral visitor functional 

groups.  

Despite of these occasional similarities, and overlap with some floral visitor 

species (Tables 46- 49), the visitor spectrum of the tree species has to be seen as 

quite distinct. At the species level it was visible that more than 75% of the insect 

species occurred only on one tree species. The eleven visitor species, that occurred 

in high abundancies, but solely on one of the tree species (Table 47) indicate the 

possible presence of a repeated, non-coincidental relationship. Therefore, these 

visitor species are thought to be more endangered than others in the case of 

removal of the respective host tree species. 

In their study on Tapirira guianensis, Lenza and Oliveira (2005) registered a 

median floral visitor size of 8.0 mm, ranging from 3 to 21 mm, significantly larger 

than observed on Tapirira guianensis in the present study (Mann-Whitney U: 4598, 

p<0.0001). Spearman rank correlation tests between the capture ratios published by 

these authors and the capture ratios on floral visitor groups of the present study 

revealed a modest correlation only to Tapirira guianensis (correlation coefficient 

rs=0.619, p<0.05), but no significant correlation to any other tree species. This 

indicates that the frequency spectrum of the defined floral visitor groups might be 

relatively “constant” at low stringency levels (rank correlation), even within a 

species with very generalist flowers like Tapirira guianensis, and at distances of 1900 

km. Unfortunately, for none of the other four tree species quantitative floral visitor 
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spectra were published. Ødegaard and Frame (2007) focus only on the beetle 

fraction of the floral visitors of Tapirira guianensis and therefore, do not permit 

comparisons of the whole visitor spectrum.  

The species richness of visiting beetles varies remarkably between the three 

sampling regions: from six species in the cerrado (Lenza and Oliveira 2005), and 21 

in the present study, to 121 in Panama (Ødegaard and Frame 2007). This suggests 

that in Central America the total visitor richness should be considerably higher than 

in Northeast Brazil, and even higher than in the cerrado where altogether 41 

visiting species were registered (Lenza and Oliveira 2005). 

Strong support was given that Ocotea glomerata is largely fly-pollinated, 

which was not necessarily visible only on its morphological characteristics. 

Therefore, this study suggests to act with caution when inferring pollination 

systems of tree species, especially in the genus Ocotea, which is known to have bee 

pollinated, and fly-pollinated species (Kubitzki and Kurz 1984, Oliveira 1996, 

Gottsberger and Silberbauer-Gottsberger 2006). In a recent study, e.g., Girão et al. 

(2007 and supplementary material) reported no fly pollination from Northeast 

Brazilian forest fragments, in spite of mentioning that 4.9% of the fragment tree 

individuals belong to Ocotea glomerata. Similarly, it seems hardly possible to infer 

the daily, bet-hedging switch from butterfly to generalist pollination in Trichilia 

lepidota only from its morphological characteristics (see discussion of its anther 

movements in the morphology section). 

In summary, no concrete signs of pollination limitations caused by lack of 

floral visitors were recognisable for the dioecious species. The lower overlap rate 

between the visitors of male and female Trichilia lepidota individuals is likely to be 

biased by  the lower sampling effort in female tree individuals. 

Likewise, abundant and highly diverse floral visitors in Sclerolobium 

densiflorum permitted to exclude eventual visitor lacking as reason for fruit set 

failure in that tree species. At least partly, especially for the year 2003, this 

phenomenon was explainable by the specific florivorous behaviour of one of its 

floral visitors, the scarab beetle Anomala sp., when the fertile flower organs of whole 

inflorescences were observed to be completely gnawed overnight. In 2004, however, 

when the beetle abundances in the accessible Sclerolobium densiflorum individuals 
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were observed to allow for fruit set, other, not accessible tree individuals continued 

to flower without forming any fruit. As their fallen flowers did show neither clear 

signs of beetle attacks nor of dioecy, the concrete reason for that phenomenon 

remains open.  

The relatively low richness of sampled species (8) on flowers of Eschweilera 

ovata might be suspicious for insufficient sampling intensity at the first glance. 

However, less than 20 visitor species are a common phenomenon in large-bee 

pollinated, highly specialized zygomorphic nectar flowers, like shown for several 

Vochysiaceae species of the cerrado (Oliveira and Gibbs 1994, Gottsberger and 

Silberbauer-Gottsberger 2006) or for Lecythidaceae like Bertholletia excelsa (Maués 

2002), several Eschweilera species (Mori and Boeke 1987), or Eschweilera ovata itself in 

other regions (Ramalho and Batista 2005). Additionally, the sampling efficiency was 

practically the same as in the other four tree species (Table 44). 

Mori and Boeke (1987) found, as in the present study, pollen collecting 

activity in Eschweilera  flowers by Trigona bee species. In Eschweilera ovata, Trigona 

spinipes passed easily through the meshes of the selective exclusion experiment, and 

with some difficulties, to collect pollen in the androecium. The low fruit set rate 

after exclusion of large nectar-consuming bees suggests that the contribution of 

pollen collection for the plant reproduction may be very limited. Nevertheless, 

offering of pollen for pollen-collecting insects in flowers that otherwise are strongly 

adapted to nectar-collecting insects might avoid total fruit set failure in the case of 

the lack of the nectar consuming pollinators. However, it remains open if 2.0% fruit 

set would be an evolutionary stable ratio in that tree species. 

The low fruit set after selective exclusion of large pollinators, and the fact 

that in the study region large floral visitors of Eschweilera ovata consisted practically 

only of Xylocopa frontalis individuals means that the reproductive success of 

Eschweilera ovata depends almost exclusively on one pollinator species at this site. 

This may be an alarming sign, because in other regions of Northeast Brazil this 

species was observed to be visited by 16 bee species and to be pollinated by nine 

larger bee species, principally of the genera Xylocopa, Epicharis, Eufriesea, and 

Eulaema (Ramalho and Batista 2005). Interestingly, these authors informed that in 

the Bahian restinga, 75% of the Eschweilera ovata flowers were pierced by nectar 
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thieves, whereas in the present study this ratio did not exceed 5%. This fact could be 

interpreted that way that in Bahia there might be a certain nectar shortage during 

the flowering period of Eschweilera ovata, resulting in a higher diversity both of 

legitimate floral visitors and of nectar thieves. For the analysed Eschweilera ovata 

subpopulation in the USJ this could mean either, that there are other, more 

attractive plant species flowering in parallel, or in the less desirable case, that 

alternative pollinators are lacking, to be tested by scent bait experiments like shown 

above.  

Xylocopa frontalis is known to cover distances up to 1200 m from its nest to 

forage (Degen and Roubik 2004). In the study area, this species was observed to fly, 

e.g., distances of 190 m between two forest fragments straightforward across sugar 

cane fields in less than one minute. Therefore, as long as Xylocopa frontalis is present 

in the USJ forests, between-tree distances of few hundred meters should be less 

problematic in Eschweilera ovata than in tree species that rely on smaller pollinators 

with less straightened movements. 
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8 Appendix  
Table 55: Concentrations of three sugars of individual nectar samples obtained by HPLC analysis  

sample 
number tree species tree 

sex 
individual 

ID Fructose Glucose Sucrose total 

1 E. ovata h L285 - - 418.1 418.1 
8 E. ovata h L285 3.1 9.1 344.7 356.9 

17 E. ovata h L285 - - 505.7 505.7 
26 E. ovata h L285 - 8.3 506.0 514.3 
33 E. ovata h L285 - 5.8 357.4 363.2 
34 E. ovata h L285 - - 403.2 403.2 
3 E. ovata h L103 - - 548.2 548.2 

13 E. ovata h L103 - - 481.8 481.8 
20 E. ovata h L103 - - 481.2 481.2 
27 E. ovata h L103 - - 557.4 557.4 
37 E. ovata h L103 - - 470.8 470.8 
41 E. ovata h L103 - - 511.5 511.5 
46 E. ovata h L103 146.0 144.9 254.7 545.6 
7 O. glomerata m s/n - - 574.6 574.6 

22 O. glomerata m s/n - - 512.0 512.0 
23 O. glomerata m s/n - - 137.9 137.9 
36 O. glomerata m s/n - - 571.0 571.0 
45 O. glomerata m s/n - - 402.5 402.5 
9 T. guianensis m L6 36.3 29.5 - 65.8 

10 T. guianensis m L6 85.1 83.9 - 169.1 
14 T. guianensis m L6 41.7 38.1 - 79.8 
18 T. guianensis m L6 24.4 24.0 - 48.4 
21 T. guianensis m L6 38.9 38.2 - 77.1 
25 T. guianensis m L6 83.3 72.9 - 156.2 
28 T. guianensis m L6 17.4 17.2 - 34.6 
31 T. guianensis m L6 356.4 338.0 - 694.4 
32 T. guianensis m L6 99.2 85.0 - 184.1 
38 T. guianensis m L6 49.2 43.1 - 92.3 
47 T. guianensis m L6 34.1 32.1 - 66.2 
48 T. guianensis m L6 36.7 33.4 - 70.1 
49 T. guianensis m L6 57.3 53.4 - 110.8 
2 T. guianensis m L39 455.4 415.4 - 870.8 

12 T. guianensis m L39 302.2 277.8 - 580.0 
19 T. guianensis m L39 455.0 409.4 47.1 911.5 
30 T. guianensis m L39 250.7 219.8 13.2 483.7 
40 T. guianensis m L39 317.1 275.9 - 593.0 
6 T. guianensis w L199 106.1 85.3 8.6 200.1 

16 T. guianensis w L199 159.1 142.9 7.2 309.1 
24 T. guianensis w L199 499.1 418.7 - 917.8 
35 T. guianensis w L199 128.6 124.5 - 253.0 
43 T. guianensis w L199 165.1 146.7 12.1 323.9 

(continued) 
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(Table 55, continued) 

sample 
number tree species tree 

sex 
individual 

ID Fructose Glucose Sucrose total 

4 T. lepidota m L102 18.2 13.6 20.1 52.0 
5 T. lepidota m L102 32.6 - 40.2 72.8 

11 T. lepidota m L102 38.8 51.1 92.4 182.2 
15 T. lepidota m L102 52.3 56.7 31.9 140.8 
29 T. lepidota m L102 64.0 54.3 20.7 138.9 
39 T. lepidota m L102 50.1 62.2 35.5 147.9 
42 T. lepidota m L102 80.1 98.1 - 178.2 
44 T. lepidota m L102 53.3 42.6 70.3 166.2 

Concentrations in ng·µl-1.; - = not identified 

 



 

Table 56: Concentrations of 17 amino acids of individual nectar samples obtained by HPLC analysis 

sample 
number tree species 

tree 
sex 

ind. 
ID Ala Arg Asp Cys Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Tyr Val total 

1 E. ovata h L285  - 415.1 - - - - - - - - - - 705.4 - 141.8 - - 1262.2 
8 E. ovata h L285  - 732.9 - - - - - - - 41.5 - - 970.4 - 246.9 - - 1991.7 
17 E. ovata h L285  23.3 16.0 - - - - - - - - - - 1043.5 - 7.2 - - 1090.0 
26 E. ovata h L285 - 662.3 16.5 154.0 - - - - - - - - 2061.3 - 532.9 - - 3427.0 
33 E. ovata h L285  - 331.1 - 87.1 - - - - - 6.9 - - 548.8 - 215.5 - - 1189.4 
34 E. ovata h L285  - 698.0 - - - - - - - - - - 493.3 - 241.8 - - 1433.0 
3 E. ovata h L103 1.9 1366.4 - - - - - - - - - - 1486.5 - 390.0 - - 3244.7 
13 E. ovata h L103 - 903.7 - - - - - - - - - - 764.1 - 304.5 - - 1972.3 
20 E. ovata h L103 1.1 588.4 - - - - - - - - - - 706.4 - 289.4 - - 1585.3 
27 E. ovata h L103 5.7 746.1 - - - - - - - 8.9 - - 830.6 - 337.5 - - 1928.7 
37 E. ovata h L103 - 1159.8 - - - - - - - - - - 1316.9 - 324.3 - - 2801.0 
41 E. ovata h L103 - 1066.2 - - - - - - - 6.9 - - 1438.1 - 336.3 - - 2847.5 
46 E. ovata h L103 38.6 633.8 - - - - - - - - - - 540.4 9.2 136.1 - - 1358.1 
7 O. glomerata m s/n 4.3 92.3 - - - - - - - - - 19.8 1332.6 - 235.4 - - 1684.3 
22 O. glomerata m s/n 115.3 32.9 - - - 66.2 - - - - - 103.8 656.9 2.5 215.8 - - 1193.4 
23 O. glomerata m s/n 113.1 44.4 - 535.0 - - - - - - - - 1218.4 - 302.5 - - 2213.4 
36 O. glomerata m s/n 62.6 48.1 - 482.5 - - - - - - - - 1643.3 - 295.0 - - 2531.4 
45 O. glomerata m s/n - - - 647.1 - - - - - - - - 1028.9 - 116.1 - - 1792.1 
6 T. guianensis w L199 63.3 - - 175.7 - - - - - - - - 628.2 - 78.8 - - 946.1 
16 T. guianensis w L199 48.8 - - 154.9 - - - - - - - - 824.1 - 111.8 - - 1139.6 
24 T. guianensis w L199 51.3 - - 108.1 - - - - - - - - 858.9 - 88.4 - - 1106.7 
35 T. guianensis w L199 56.2 - - 238.5 - - - - - - - - 871.1 - 100.9 - - 1266.7 
43 T. guianensis w L199 75.0 - - 378.7 - - - - - - - - 1453.6 - 216.6 - - 2123.8 
2 T. guianensis m L39 213.5 - - 1319.8 - - - - - - - - 3410.3 - 580.9 - - 5524.5 
12 T. guianensis m L39 97.5 - - 302.0 - - - - - - - - 1827.6 - 271.5 - - 2498.5 
19 T. guianensis m L39 122.8 - - 340.3 - - - - - - - - 2598.7 - 332.1 - - 3393.9 
30 T. guianensis m L39 138.2 - - 616.5 - - - - - - - - 3113.0 - 510.3 - - 4378.0 
40 T. guianensis m L39 112.7 - - - - - - - - - - - 1565.7 - 233.1 - - 1911.5 

(continued) 



 

(Table 56, continued) 

sample 
number tree species 

tree 
sex 

ind. 
ID Ala Arg Asp Cys Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Tyr Val total 

9 T. guianensis m L6 38.3 - - - - - - - - - - - 253.7 - - - - 292.0 
10 T. guianensis m L6 25.2 - - - - - - - - - - - 445.6 - 53.1 - - 523.9 
14 T. guianensis m L6 - - - - - - - - - - - - 133.1 - - - - 133.1 
18 T. guianensis m L6 - - - - - - - - - - - - 58.0 - - - - 58.0 
21 T. guianensis m L6 15.8 - - - - - - - - - - - 222.5 - 20.5 - - 258.8 
25 T. guianensis m L6 10.9 - - - - - - - - - - - 170.8 - 5.3 - - 187.0 
28 T. guianensis m L6 1.4 - - - - - - - - - - - 85.0 - 2.1 - - 88.4 
31 T. guianensis m L6 22.9 - - 207.5 - - - - - - - - 517.2 - 77.1 - - 824.7 
32 T. guianensis m L6 26.7 - - - - - - - - - - - 674.8 - 117.8 - - 819.3 
38 T. guianensis m L6 11.5 - - - - - - - - - - - 308.8 - 24.2 - - 344.5 
47 T. guianensis m L6 12.6 - - - - - - - - - - - 227.9 - 17.3 - - 257.8 
48 T. guianensis m L6 24.8 - - 116.4 - - - - - - - - 290.6 - 38.7 - - 470.5 
49 T. guianensis m L6 - - - - - - - - - - - - 146.4 - - - - 146.4 
4 T. lepidota m L102 23.4 - - - - - - - - - - - 83.1 - - - - 106.5 
5 T. lepidota m L102 46.7 - - - - - - - - - - - - - - - - 46.7 
11 T. lepidota m L102 18.4 - - - - - - - - - - - 153.5 - - - - 171.9 
15 T. lepidota m L102 18.0 - - - - - - - - - - - 117.1 - 11.8 - - 146.9 
29 T. lepidota m L102 - - - - - - - - - - - - 574.1 - 77.7 - - 651.8 
39 T. lepidota m L102 - - - - - - - - - - - - 239.7 - - - - 239.7 
42 T. lepidota m L102 66.5 - - 348.7 - - - - - - - - 1079.4 - 120.0 - - 1614.5 
44 T. lepidota m L102 21.7 - - 595.1 - - - - - - - 46.1 143.6 - - - - 806.5 

 
Concentrations in ng·µl-1.  
ind. ID= identification of tree individual, Ala= alanine, Arg= arginine, Asp= aspartamic acid, Cys= cysteine, Glu= glutamic acid, Gly= glycine, His= histidine, 
Ile= isoleucine, Leu= leucine, Lys= lysine, Met= methionine, Phe= phenylalanine, Pro= proline, Ser= serine, Thr= treonine, Tyr= tyrosine, Val= valine, -= not 
identified. 
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Table 57: Insect species and morphospecies captured on flowers of Tapirira guianensis 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Coleoptera        
Coccinellidae       
 Coccinellidae sp. 1 209 2 5 6 11 x 
 Coccinellidae sp. 2 256 2 9 8 17 x 
Curculionidae       
 Curculionidae sp. 5 230 3 0 2 2  
unidentified 
Coleoptera        
 Coleoptera sp. 7 214 3 0 1 1  
 Coleoptera sp. 10 217 2.5 1 0 1  
 Coleoptera sp. 11 218 1.5 0 1 1  
 Coleoptera sp. 24 231 2.5 1 1 2 x 
 Coleoptera sp. 28 235 3 1 0 1  
 Coleoptera sp. 36 243 1 2 0 2  
 Coleoptera sp. 37 244 1.5 1 0 1  
 Coleoptera sp. 40 247 1.2 1 0 1  
 Coleoptera sp. 41 248 2 0 1 1  
 Coleoptera sp. 46 253 3 2 0 2  
 Coleoptera sp. 47 254 4.5 1 0 1  
 Coleoptera sp. 48 255 4.5 2 0 2  
 Coleoptera sp. 50 257 2 1 0 1  
 Coleoptera sp. 51 258 1.5 1 0 1  
 Coleoptera sp. 52 259 1.2 1 0 1  
 Coleoptera sp. 53 260 2 0 5 5  
 Coleoptera sp. 54 261 12.5 0 1 1  
 Coleoptera sp. 57 264 7 1 0 1  
Diptera        
Tabanidae        
 Tabanidae sp. 1 110 11 1 0 1  
unidentified Diptera       
 Diptera sp. 1 67 2.2 1 1 2 x 
 Diptera sp. 4 70 7 3 1 4 x 
 Diptera sp. 5 71 8 2 0 2  
 Diptera sp. 7 73 1.3 3 0 3  
 Diptera sp. 8 74 2 2 0 2  
 Diptera sp. 11 77 2.1 1 0 1  
 Diptera sp. 18 84 4 1 0 1  
 Diptera sp. 19 85 6 1 0 1  
 Diptera sp. 43 109 4 1 0 1  
 Diptera sp. 53 119 5 3 0 3  
 Diptera sp. 61 127 8 2 0 2  
 Diptera sp. 64 130 5 0 1 1  
 Diptera sp. 69 135 9.5 1 0 1  
 Diptera sp. 73 139 6 3 0 3  
 Diptera sp. 74 140 4.5 1 0 1  
 Diptera sp. 77 143 6.5 1 0 1  
 Diptera sp. 79 145 2 1 0 1  
 Diptera sp. 81 147 9 0 1 1  

(continued) 
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(Table 57, continued) 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Diptera        

unidentified Diptera       
 Diptera sp. 83 149 3 1 0 1  
 Diptera sp. 87 153 2 1 0 1  
 Diptera sp. 88 154 1.8 1 0 1  
 Diptera sp. 90 156 8.5 2 0 2  
 Diptera sp. 105 171 2.5 0 1 1  
 Diptera sp. 111 177 1.3 0 1 1  
 Diptera sp. 115 181 2 1 0 1  
 Diptera sp. 116 182 2.2 1 0 1  
Ensifera        

 Ensifera sp. 1 295 14 0 1 1  
Hemiptera        

Auchenorrhyncha        
 Auchenorrhyncha sp. 6 271 2 9 3 12 x 
 Auchenorrhyncha sp. 8 273 9 1 0 1  
 Auchenorrhyncha sp. 9 274 1.5 0 1 1  
 Auchenorrhyncha sp. 13 278 3.5 0 3 3  
 Auchenorrhyncha sp. 16 281 3 0 1 1  
Heteroptera        

Reduviidae        
 Reduviidae sp. 2 30 11 1 0 1  
Hymenoptera        

Apocrita, Ichneumonidae       
 Ichneumonidae sp. 1 361 8.5 2 0 2  
unidentified Apocrita*       
 Apocrita sp. 7 303 5 0 1 1  
 Apocrita sp. 8 304 6 1 0 1  
 Apocrita sp. 9 305 7 1 0 1  
 Apocrita sp. 10 306 6.5 1 0 1  
 Apocrita sp. 11 307 4 1 0 1  
 Apocrita sp. 12 308 4 2 0 2  
 Apocrita sp. 18 314 0.8 1 0 1  
 Apocrita sp. 39 335 9 0 2 2  
 Apocrita sp. 40 336 11 0 1 1  
 Apocrita sp. 47 343 6 1 0 1  
 Apocrita sp. 48 344 1.2 1 0 1  
 Apocrita sp. 49 345 4.5 1 0 1  
 Apocrita sp. 50 346 7 1 0 1  
 Apocrita sp. 54 350 4.5 1 0 1  
 Apocrita sp. 55 351 3 8 0 8  
 Apocrita sp. 56 352 5.5 1 0 1  
 Apocrita sp. 57 353 1.8 1 0 1  
 Apocrita sp. 58 354 17 0 1 1  
 Apocrita sp. 61 357 6.5 0 1 1  
 Apocrita sp. 62 358 7 1 0 1  

(continued)  
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(Table 57, continued) 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Hymenoptera        

unidentified Apocrita*       
 Apocrita sp. 63 359 3 1 0 1  
 Apocrita sp. 64 360 7.5 1 0 1  
 Apocrita sp. 66 362 3 1 0 1  
 Apocrita sp. 67 363 1.3 3 0 3  
Apoidea        

 
Augochlora subgen. 
Oxystoglosella sp. 1 13 7.5 0 1 1  

 Apis mellifera 2 13 5 6 11 x 
 Augochloropsis sp. 2 18 8 2 0 2  
 Augochloropsis sp. 3 16 8.5 1 2 3 x 
 Augochloropsis sp.1 11 10 0 1 1  
 Coelioxys sp. 1 24 8 1 0 1  

 
Dialictus subgen. 
Chloralictus sp. 1 15 4 0 1 1  

 
Exomalopsis subgen. 
Exomalopsis  sp. 1 14 6 0 1 1  

 Melipona scutellaris 10 13 1 4 5 x 
 Melipona sp. 1 3 8 0 2 2  
 Nanotrigona cf. punctata 7 4.5 0 2 2  
 Plebeia flavocincta 17 4.5 5 12 17 x 
 Plebeia minima 12 3 0 2 2  
 Plebeia sp. 3 25 4.5 2 1 3 x 
 Scaptotrigona tubida 20 5.5 0 3 3  
 Tetragonisca angustula 8 4.2 20 5 25 x 
 Trigona fuscipens 9 8 0 2 2  
 Trigona spinipes 5 8 0 7 7  
Formicoidea        
 Azteca sp.1 66 2 2 0 2  
 Camponotus sp. 2 59 7 0 4 4  
 Cephalotes sp. 1 55 11 0 1 1  
 Crematogaster sp. 1 65 1.5 0 1 1  
 Ectatomma sp. 1 58 11 0 4 4  
 Linepithema sp. 1 64 4.5 1 0 1  
 Pseudomyrmex sp. 2 49 7 0 1 1  
Lepidoptera        

unidentified Lepidoptera       
 Lepidoptera sp. 8 191 6 1 0 1  
 Lepidoptera sp. 20 203 13 0 1 1  
        
Total number of morphospecies 107 overlapping captures 12 

* “wasps”: Apocrita without Apoidea and Formicoidea; size: body length; f: number of captures in 
female tree individuals;  m: number of captures in male tree individuals; m+f: sum of captures in 
female and male tree individuals; overlap: species that were captured in both tree species 
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Table 58: Insect species and morphospecies captured on flowers of Ocotea glomerata 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Blattodea        

unidentified Blattodea       
 Blattodea sp. 1 287 10 0 1 1  
 Blattodea sp. 6 292 3.5 1 0 1  
Caelifera        

unidentified Caelifera       
 Caelifera sp. 1 296 9.5 0 1 1  
Coleoptera        

Coccinellidae        
 Coccinellidae sp. 1 209 2 1 0 1  
Curculionidae        
 Curculionidae sp. 1 210 3.5 0 1 1  
 Curculionidae sp. 4 228 3 0 1 1  
 Curculionidae sp. 5 230 3 0 5 5  
unidentified 
Coleoptera        
 Coleoptera sp. 1 208 4.5 1 0 1  
 Coleoptera sp. 6 213 4 0 1 1  
 Coleoptera sp. 8 215 5 1 0 1  
 Coleoptera sp. 10 217 2.5 2 0 2  
 Coleoptera sp. 11 218 1.5 0 3 3  
 Coleoptera sp. 14 221 2.5 1 0 1  
 Coleoptera sp. 15 222 2.5 0 2 2  
 Coleoptera sp. 16 223 1.8 1 0 1  
 Coleoptera sp. 17 224 2.5 0 1 1  
 Coleoptera sp. 38 245 1.3 1 0 1  
 Coleoptera sp. 39 246 1.5 0 1 1  
Diptera        

Syrphidae        
 Syrphidae sp. 1 98 12 1 0 1  
 Syrphidae sp. 6 103 9 0 1 1  
 Syrphidae sp. 8 105 9.5 0 1 1  
Tephritidae        
 Tephritidae sp. 1 68 4 5 5 10 x 
unidentified Diptera       
 Diptera sp. 1 67 2.2 9 26 35 x 
 Diptera sp. 3 69 1.8 1 19 20 x 
 Diptera sp. 4 70 7 1 3 4 x 
 Diptera sp. 5 71 8 5 8 13 x 
 Diptera sp. 6 72 2 2 3 5 x 
 Diptera sp. 7 73 1.3 4 2 6 x 
 Diptera sp. 8 74 2 16 24 40 x 
 Diptera sp. 9 75 1.3 2 10 12 x 
 Diptera sp. 10 76 5 1 0 1  
 Diptera sp. 11 77 2.1 1 1 2 x 

(continued) 
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(Table 58, continued) 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Diptera        

unidentified Diptera       
 Diptera sp. 12 78 3.5 1 0 1  
 Diptera sp. 13 79 1.3 2 0 2  
 Diptera sp. 14 80 2 2 9 11 x 
 Diptera sp. 15 81 1.3 0 14 14  
 Diptera sp. 20 86 5.5 1 2 3 x 
 Diptera sp. 21 87 4 7 2 9 x 
 Diptera sp. 23 89 2 0 2 2  
 Diptera sp. 24 90 5 0 1 1  
 Diptera sp. 25 91 3.5 1 0 1  
 Diptera sp. 26 92 3.5 0 2 2  
 Diptera sp. 28 94 0.9 0 1 1  
 Diptera sp. 29 95 1 0 1 1  
 Diptera sp. 30 96 0.8 0 4 4  
 Diptera sp. 31 97 3 2 0 2  
 Diptera sp. 41 107 7 0 1 1  
 Diptera sp. 42 108 7 0 1 1  
 Diptera sp. 45 111 3 1 1 2 x 
 Diptera sp. 46 112 5.5 1 2 3 x 
 Diptera sp. 47 113 4.5 1 2 3 x 
 Diptera sp. 48 114 7 0 2 2  
 Diptera sp. 49 115 5 1 0 1  
 Diptera sp. 50 116 4 0 1 1  
 Diptera sp. 53 119 5 1 0 1  
 Diptera sp. 54 120 11 1 0 1  
 Diptera sp. 55 121 3 1 0 1  
 Diptera sp. 56 122 5 0 1 1  
 Diptera sp. 57 123 5.5 1 0 1  
 Diptera sp. 58 124 5.5 1 0 1  
 Diptera sp. 59 125 4.5 0 1 1  
 Diptera sp. 60 126 4 1 0 1  
 Diptera sp. 62 128 9 0 1 1  
 Diptera sp. 65 131 5.5 0 1 1  
 Diptera sp. 66 132 11 1 0 1  
 Diptera sp. 68 134 8 0 3 3  
 Diptera sp. 69 135 9.5 1 2 3 x 
 Diptera sp. 70 136 6 0 1 1  
 Diptera sp. 71 137 5 1 0 1  
 Diptera sp. 72 138 4.5 1 0 1  
 Diptera sp. 73 139 6 2 1 3 x 
 Diptera sp. 75 141 4.5 0 1 1  
 Diptera sp. 76 142 5 1 0 1  
 Diptera sp. 77 143 6.5 1 1 2 x 
 Diptera sp. 80 146 4 0 1 1  
 Diptera sp. 85 151 4 1 0 1  
 Diptera sp. 86 152 2.5 1 0 1  
 Diptera sp. 87 153 2 1 0 1  
 Diptera sp. 88 154 1.8 1 0 1  
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(Table 58, continued) 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Diptera        

unidentified Diptera       
 Diptera sp. 89 155 2.5 0 2 2  
 Diptera sp. 91 157 2.5 0 1 1  
 Diptera sp. 93 159 1.5 0 4 4  
 Diptera sp. 94 160 1.8 1 0 1  
 Diptera sp. 95 161 4.5 2 2 4 x 
 Diptera sp. 96 162 1 3 9 12 x 
 Diptera sp. 97 163 1 0 1 1  
 Diptera sp. 98 164 3 1 0 1  
 Diptera sp. 100 166 3 0 1 1  
 Diptera sp. 101 167 5 0 1 1  
 Diptera sp. 102 168 1.8 0 1 1  
 Diptera sp. 103 169 1.5 0 13 13  
 Diptera sp. 104 170 1 0 1 1  
 Diptera sp. 105 171 2.5 1 1 2 x 
 Diptera sp. 106 172 1.3 0 1 1  
 Diptera sp. 107 173 2 0 2 2  
 Diptera sp. 108 174 1.5 0 1 1  
 Diptera sp. 109 175 1 0 2 2  
 Diptera sp. 111 177 1.3 1 1 2 x 
 Diptera sp. 113 179 1 1 5 6 x 
 Diptera sp. 116 182 2.2 0 1 1  
Hemiptera        

Auchenorrhyncha       
 Auchenorrhyncha sp. 11 276 2 0 1 1  
 Auchenorrhyncha sp. 12 277 2.5 2 0 2  
 Auchenorrhyncha sp. 15 280 3 0 1 1  
 Auchenorrhyncha sp. 18 283 9 2 0 2  
 Auchenorrhyncha sp. 20 285 4.5 1 0 1  
Heteroptera        

Coreidae        
 Coreidae sp. 1 34 16.5 0 1 1  
Miridae        
 Miridae sp. 1 36 4.5 0 1 1  
 Miridae sp. 2 37 4.5 0 3 3  
 Miridae sp. 3 38 2 0 1 1  
 Miridae sp. 5 40 3 1 1 2 x 
 Miridae sp. 6 41 3.2 0 1 1  
 Miridae sp. 7 42 1.2 0 1 1  
Phymatidae        
 Phymatidae sp. 1 33 9 0 2 2  
Reduviidae        
 Reduviidae sp. 1 29 16 0 1 1  
 Reduviidae sp. 3 31 13 1 0 1  
Tingidae        
 Tingidae sp. 1 28 2 1 0 1  
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(Table 58, continued) 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Hymenoptera        

unidentified Apocrita*       
 Apocrita sp. 3 299 2 1 1 2 x 
 Apocrita sp. 4 300 1.5 1 0 1  
 Apocrita sp. 5 301 2.2 1 1 2 x 
 Apocrita sp. 12 308 4 1 0 1  
 Apocrita sp. 13 309 1.2 1 0 1  
 Apocrita sp. 14 310 0.5 1 0 1  
 Apocrita sp. 16 312 1.5 0 1 1  
 Apocrita sp. 17 313 1.2 1 1 2 x 
 Apocrita sp. 18 314 0.8 1 0 1  
 Apocrita sp. 20 316 2.5 1 0 1  
 Apocrita sp. 23 319 4 0 1 1  
 Apocrita sp. 24 320 2 0 2 2  
 Apocrita sp. 27 323 1.5 0 1 1  
 Apocrita sp. 30 326 2 0 1 1  
 Apocrita sp. 37 333 13.5 0 1 1  
 Apocrita sp. 38 334 11 0 1 1  
Apoidea        
 Apis mellifera 2 13 0 2 2  
 Nanotrigona cf. punctata 7 4.5 0 1 1  
 Plebeia sp. 3 25 4.5 0 1 1  
 Scaptotrigona tubida 20 5.5 0 1 1  
 Trigona spinipes 5 8 0 5 5  
Chrysidoidae        
 Chrysidoidae sp. 1 317 2 0 1 1  
Chalcididae        
 Chalcididae sp. 1 1 4 0 1 1  
 Chalcididae sp. 3 318 5 1 0 1  
 Chalcididae sp. 4 321 2.5 0 1 1  
Formicoidea        
 Camponotus sp. 1 51 7 2 0 2  
 Camponotus sp. 3 46 4.5 1 1 2 x 
 Ectatomma sp. 1 58 11 0 1 1  
 Pseudomyrmex sp. 1 50 3.5 1 0 1  
 Pseudomyrmex sp. 2 49 7 0 1 1  
 Pseudomyrmex sp. 3 47 6.5 2 1 3 x 
 Solenopsis sp. 2 56 3 0 1 1  

(continued) 
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(Table 58, continued) 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Lepidoptera        

unidentified Lepidoptera       
 Lepidoptera sp. 8 191 6 0 2 2  
 Lepidoptera sp. 14 197 9 1 0 1  
 Lepidoptera sp. 15 198 4 1 0 1  
 Lepidoptera sp. 16 199 2 0 2 2  
 Lepidoptera sp. 17 200 2.5 0 1 1  
   
Total number of morphospecies 153 overlapping captures 30 

* “wasps”: Apocrita without Apoidea and Formicoidea; size: body length; f: number of captures in 
female tree individuals;  m: number of captures in male tree individuals; m+f: sum of captures in 
female and male tree individuals; overlap: species that were captured in both tree species 
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Table 59: Insect species and morphospecies captured on flowers of Trichilia lepidota 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Blattodea        

unidentified Blattodea       
 Blattodea sp. 2 288 17 0 1 1  
 Blattodea sp. 3 289 5 0 1 1  
 Blattodea sp. 5 291 8.5 0 1 1  
 Blattodea sp. 7 293 5 0 1 1  
Coleoptera        

Curculionidae       
 Curculionidae sp. 2 212 6.5 0 1 1  
 Curculionidae sp. 5 230 3 0 8 8  
 Curculionidae sp. 7 239 1.8 0 3 3  
 Curculionidae sp. 9 241 3.2 1 0 1  
unidentified Coleoptera       
 Coleoptera sp. 8 215 5 0 1 1  
 Coleoptera sp. 11 218 1.5 0 2 2  
 Coleoptera sp. 17 224 2.5 0 1 1  
 Coleoptera sp. 25 232 2.3 0 2 2  
 Coleoptera sp. 27 234 2 0 1 1  
 Coleoptera sp. 28 235 3 0 2 2  
 Coleoptera sp. 30 237 2.5 0 1 1  
 Coleoptera sp. 35 242 1.5 0 1 1  
 Coleoptera sp. 43 250 4.5 0 2 2  
 Coleoptera sp. 44 251 5 0 1 1  
 Coleoptera sp. 56 263 3.5 0 1 1  
Hemiptera        

Auchenorrhyncha       
 Auchenorrhyncha sp. 5 270 8 0 1 1  
 Auchenorrhyncha sp. 10 275 5 0 1 1  
 Auchenorrhyncha sp. 12 277 2.5 0 1 1  
 Auchenorrhyncha sp. 14 279 2.5 0 2 2  
 Auchenorrhyncha sp. 17 282 7 0 1 1  
 Auchenorrhyncha sp. 19 284 3 0 1 1  
Heteroptera        

Miridae        
 Miridae sp. 1 36 4.5 0 1 1  
 Miridae sp. 10 45 3 0 2 2  
Phymatidae        
 Phymatidae sp. 1 33 9 0 1 1  
Reduviidae         
 Reduviidae sp. 1 29 16 0 1 1  
Rhopalidae         
 Rhopalidae sp. 1 32 12 0 2 2  
Tingidae         
 Tingidae sp. 2 35 3.5 0 1 1  
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(Table 59, continued) 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Diptera        

Syrphidae        
 Syrphidae sp. 1 98 12 0 2 2  
 Syrphidae sp. 2 99 14 0 3 3  
 Syrphidae sp. 3 100 11 0 1 1  
 Syrphidae sp. 4 101 9.5 0 1 1  
 Syrphidae sp. 5 102 14 0 1 1  
 Syrphidae sp. 7 104 7.5 0 1 1  
Tephritidae        
 Tephritidae sp. 1 68 4 1 0 1  
unidentified Diptera       
 Diptera sp. 1 67 2.2 0 23 23  
 Diptera sp. 3 69 1.8 1 1 2 x 
 Diptera sp. 6 72 2 0 1 1  
 Diptera sp. 16 82 1.5 1 0 1  
 Diptera sp. 22 88 4.5 0 3 3  
 Diptera sp. 27 93 1.8 0 1 1  
 Diptera sp. 31 97 3 0 1 1  
 Diptera sp. 40 106 8 0 1 1  
 Diptera sp. 62 128 9 0 2 2  
 Diptera sp. 63 129 3 0 1 1  
 Diptera sp. 67 133 10 0 1 1  
 Diptera sp. 69 135 9.5 1 0 1  
 Diptera sp. 75 141 4.5 0 1 1  
 Diptera sp. 86 152 2.5 0 1 1  
 Diptera sp. 90 156 8.5 0 1 1  
 Diptera sp. 93 159 1.5 0 2 2  
 Diptera sp. 107 173 2 0 1 1  
 Diptera sp. 110 176 0.9 0 1 1  
 Diptera sp. 113 179 1 1 1 2 x 
 Diptera sp. 114 180 1.2 1 0 1  
Hymenoptera       

unidentified Apocrita*       
 Apocrita sp. 6 302 6 0 1 1  
 Apocrita sp. 13 309 1.2 1 0 1  
 Apocrita sp. 18 314 0.8 1 2 3 x 
 Apocrita sp. 34 330 1.5 1 0 1  
 Apocrita sp. 36 332 3.5 0 1 1  
 Apocrita sp. 43 339 9 2 0 2  
 Apocrita sp. 44 340 1.8 0 1 1  
 Apocrita sp. 45 341 2.2 0 1 1  
 Apocrita sp. 46 342 2 0 1 1  
 Apocrita sp. 53 349 28 0 1 1  
 Apocrita sp. 60 356 30 0 1 1  

(continued) 
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 (Table 59, continued) 

insect order and 
inferior taxa species 

morphospecies 
number 

size 
[mm] f m m+f 

over-
lap 

Hymenoptera        

Apoidea        
 Apis mellifera 2 13 0 3 3  
 cf. Dicranthidium sp. 1 4 5.5 0 1 1  
 Melipona sp. 1 3 8 0 1 1  

 
Paratetrapedia subgen. 
Lophopedia sp. 1 27 7 1 1 2 x 

 
Paratetrapedia subgen. 
Tropidopedia sp. 1 23 8 0 1 1  

Chrysidoidea        
 Chrysidoidea sp. 1 317 2 2 2 4 x 
Lepidoptera        

Danainae        
 Lycorea halia 186 33 0 1 1  
Ithomiinae        
 Dircenna dero 189 23 0 1 1  
 Hypothyris ninonia 185 23 0 3 3  
 Mechanitis lysimnia  184 23 2 19 21 x 

 
Napogenes inachia ssp. 
sulphurina 187 16.5 0 1 1  

 Scada reckia 188 15 0 3 3  
unidentified 
Lepidoptera        
 Lepidoptera sp. 7 190 12 0 1 1  
 Lepidoptera sp. 10 193 5 0 1 1  
 Lepidoptera sp. 11 194 3.5 0 1 1  
 Lepidoptera sp. 12 195 15 1 0 1  
 Lepidoptera sp. 13 196 17 0 1 1  
 Lepidoptera sp. 15 198 4 0 1 1  
 Lepidoptera sp. 19 202 12 0 1 1  
        
Total number of morphospecies 91 overlapping captures 7 

* “wasps”: Apocrita without Apoidea and Formicoidea; size: body length; f: number of captures in 
female tree individuals;  m: number of captures in male tree individuals; m+f: sum of captures in 
female and male tree individuals; overlap: species that were captured in both tree species 
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Table 60: Insect species and morphospecies captured on flowers of Sclerolobium densiflorum 

insect order and 
inferior taxa 

species or 
morphospecies 

morphospecies 
number size [mm] 

times 
captured 

Coleoptera     

Curculionidae    
 Curculionidae sp. 3 227 1.5 1 
 Curculionidae sp. 6 238 1 1 
 Curculionidae sp. 8 240 3 1 
Scarabeidae     
 Anomala sp. 1 236 8 5 
unidentified Coleoptera    
 Coleoptera sp. 9 216 6 1 
 Coleoptera sp. 11 218 1.5 4 
 Coleoptera sp. 13 220 1.5 2 
 Coleoptera sp. 14 221 2.5 3 
 Coleoptera sp. 18 225 13 1 
 Coleoptera sp. 19 226 6 2 
 Coleoptera sp. 24 231 2.5 1 
 Coleoptera sp. 25 232 2.3 8 
 Coleoptera sp. 26 233 7 1 
 Coleoptera sp. 27 234 2 6 
 Coleoptera sp. 42 249 2.5 1 
 Coleoptera sp. 57 264 7 2 
Diptera     

Syrphidae     
 Syrphidae sp. 1 98 12 1 
Tabanidae     
 Tabanidae sp. 2 366 5 1 
unidentified Diptera    
 Diptera sp. 1 67 2.2 6 
 Diptera sp. 3 69 1.8 3 
 Diptera sp. 4 70 7 1 
 Diptera sp. 6 72 2 1 
 Diptera sp. 7 73 1.3 1 
 Diptera sp. 8 74 2 1 
 Diptera sp. 10 76 5 8 
 Diptera sp. 13 79 1.3 14 
 Diptera sp. 14 80 2 5 
 Diptera sp. 17 83 3 1 
 Diptera sp. 41 107 7 1 
 Diptera sp. 51 117 4.5 1 
 Diptera sp. 52 118 4.5 1 
 Diptera sp. 78 144 3.5 1 
 Diptera sp. 79 145 2 1 
 Diptera sp. 82 148 4 1 
 Diptera sp. 84 150 1.5 1 
 Diptera sp. 85 151 4 1 
 Diptera sp. 92 158 2 1 
 Diptera sp. 93 159 1.5 3 
 Diptera sp. 94 160 1.8 1 
 Diptera sp. 99 165 2 1 
 Diptera sp. 105 171 2.5 2 
(continued) Diptera sp. 118 365 4.5 1 
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(Table 60, continued) 

insect order and 
inferior taxa 

species or 
morphospecies 

morphospecies 
number size [mm] 

times 
captured 

Hemiptera     

Auchenorrhyncha    
 Auchenorrhyncha sp. 1 266 3 28 
 Auchenorrhyncha sp. 2 267 3 61 
 Auchenorrhyncha sp. 3 268 3 6 
 Auchenorrhyncha sp. 4 269 10 1 
 Auchenorrhyncha sp. 7 272 3 1 
 Auchenorrhyncha sp. 21 286 6.5 1 
Heteroptera     

Miridae     
 Miridae sp. 4 39 2 21 
 Miridae sp. 8 43 2 1 
 Miridae sp. 9 44 2.5 1 
 Miridae sp. 10 45 3 7 
 Miridae sp. 11 207 3 1 
Hymenoptera    

unidentified Apocrita*    
 Apocrita sp. 18 314 0.8 1 
 Apocrita sp. 24 320 2 1 
 Apocrita sp. 26 322 1.5 1 
 Apocrita sp. 28 324 2 1 
 Apocrita sp. 29 325 4 1 
 Apocrita sp. 31 327 2.5 1 
 Apocrita sp. 32 328 2.5 1 
 Apocrita sp. 33 329 3 1 
 Apocrita sp. 35 331 2.3 1 
 Apocrita sp. 39 335 9 1 
Apoidea     
 Apis mellifera 2 13 20 
 Melipona scutellaris 10 13 2 

 
Partamona cf. 
seridoensis 26 6 2 

 Plebeia flavocincta 17 4.5 12 
 Plebeia minima 12 3 2 
 Plebeia sp. 3 25 4.5 2 
 Tetragonisca angustula 8 4.2 1 
 Trigona fuscipens 9 8 22 
 Trigona spinipes 5 8 12 
 Trigonisca sp. 1 22 3.5 1 
Chalcidoidea     
 Chalcididae sp. 2 21 4.5 2 
Chrysidoidea     
 Chrysidoidea sp. 1 317 2 2 
Lepidoptera    

Lycaenidae     
 Lycaenidae sp. 1 192 9.5 1 
     
Total number of morphospecies 76   

* “wasps”: Apocrita without Apoidea and Formicoidea; size: body length 
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