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ABSTRACT
The vertical distribution of pollinators is an important component in the foraging pattern of plants strata, 
and it influences the reproductive system (pollen/ovule ratio) and seed/ovule ratio. Niches in two different 
strata from Adesmia tristis Vogel were evaluated in these aspects. This plant is an endemic shrub from 
the Campos de Cima da Serra in Southern Brazil. The studies were carried out from January 2010, to 
January 2011, at Pró-Mata/PUCRS (Catholic University of Rio Grande do Sul) (29°27'-29°35'S and 
50°08'-50°15'W), São Francisco de Paula, sate of Rio Grande do Sul, Brazil. Breeding system of A. tristis 
is mandatory allogamy. The vertical profile in A. tristis has differentiated foraging niches among the 
most common pollinators. Bees of Megachile genus forage in the upper stratum, and representative bees 
of the Andrenidae family explore the lower stratum. The upper stratum of the vertical profile had more 
contribution to seed production. Adesmia tristis showed evidence of pollination deficit.
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INTRODUCTION

The vertical distribution of pollinators is an 
important component associated with the foraging 
pattern in different strata of a plant (Roubik et al. 
1995). It is linked to selective effects of vegetation 
structure, distribution of plants inflorescences, 
and profile of floral visitors. The relationships 
among populations of different pollinators in 
the same vertical gradient can generate different 

levels of interactions. Competition for resources 
is an interaction that can induce a population to 
affect the other one (Menezes et al. 2007, Nates-
Parra et al. 2008, Jha and Vandermeer 2009) 
even if indirectly. The competitive interaction 
on a time scale foments an ecological separation 
among related species leading to the principle of 
competitive exclusion. This fact promotes selective 
adaptations that facilitate coexistence of organisms’ 
diversity in habitats (Odum 1988), regardless 
of the environmental scale. It is possible that a 
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similar process may have occurred with Adesmia 
tristis Vogel. This is an endemic leguminous plant 
belonging to the physiographic region of Campos 
de Cima da Serra, in Southern Brazil.

 It has a high forage potential (Overbeck et al. 
2007) and wide ecological distribution. Adesmia tristis 
is a shrub found in altitudes between 500 to 1300 m, 
with ascending decumbent growth habit. Its branches 
may reach 1.5 m in length (Miotto and Leitão Filho 
1993). Reaching 0.70 m after initial ascendancy, the 
branches have the tendency to be decumbent due 
to their own weight. In tipping, the branches are 
supported by the surrounding vegetation, forming a 
profile with variable height. 

Inflorescence is massive and composed by simple 
racemes multiflorus laxiforus. Flowering occurs from 
October to April, with peaks from December to January 
(Miotto and Leitão Filho 1993). The main pollinators of 
Adesmia are the solitary bees represented by Andrenidae, 
Apidae, Coletidae, and Megachilidae (Chiappa et al. 
2000, Camacho and Franke 2008, Forcone and Muñoz 
2009, Smith-Ramírez and Ramírez 2010).

As it is a wild plant, the knowledge of the 
interactions of A.tristis with pollinators and the type 
of reproductive system is crucial, as well as studies 
on such species, to asses flow and subsequent 
genotypic frequencies (Hamrick and Godt 1990).

The use of pollen/ovule (P/O) relation as a 
tool to assess the reproductive processes in plants 
is characterized by being skillful and precise, 
with reduced costs when faced with thecniques of 
molecular markers or crossing (Cruden 2000).

Combining knowledge on reproductive system 
with interactions would be useful in careful managements 
to conserve the species in Campos de Cima da Serra. 
Therefore, this study was carried out in order:

1. To evaluate the pollen/ovule relation on 
reproductive system of A. tristis.

2. To compare the seed/ovule under the influ
ence of two groups fo bees with differentiated niches 
in vertical profile in A. tristis.

3. To evaluate seed/ovule index in A. tristis.

MATERIALS AND METHODS

The study was carried out from January 2010, 
to January 2011, at Centre for Research and 
Conservation of Nature - Catholic University of Rio 
Grande do Sul, Brazil, 29°27'-29°35'S and 50°08'-
50°15'W (Bertoletti and Teixeira 1995) (Fig. 1). 
This area is located on the region of the Araucária 
Plateau in the municipality of São Francisco de 
Paula, sate of Rio Grande do Sul, Brazil. The 
altitude ranges from 600 to 900m, and the climate 
is classified as Köppen’s Cfb, temperate maritime 
humid with average annual temperature of 14.5°C 
and frequent formation of fog, frost, and occasional 
snow (Dick et al. 2008, Almeida 2009). Average 
annual rainfall is 2252 mm, well distributed over the 
year (Bertoletti and Teixeira 1995, Bond-Buckup 
2008). The site soil is classified as Bruno Cambisol 
soil. The main features being humic and alic 
properties (Bertoletti and Teixeira 1995), with high 
acidity (pH 4.0) and low in phosphorus (3.1 mg/
dm3), according to result of soil analysis carried out 
in May 2008, by the Department of Lands/UFRGS 
(Federal University of Rio Grande do Sul), Brazil, 
and supporting vegetation characterized as natural 
grasslands.The cultivated A. tristis population at 
the study site harboured 1,800 plants in 450 m2.

Pollen/ovule relation was studied to characterize 
the reproductive system of A. tristis, (Cruden 1977 
2000). In this process, the number of ovules per ovary 
and the number of pollen grains per flower were 
quantified. Randomly, 30 flower buds at pre-anthesis 
stage were collected to determine the average number 
of ovules per ovary. Ovules were counted under a 
stereoscopic microscope. For the counting of the 
pollen grains by flower, the method of exotic marker 
with spores of Lycopodium clavatum contained in 
pellet with 18,584 spores (Stockmarr 1971) was used. 

This method is based on estimates from adding 
known number of spores that are associated with 
the count of the pollen grains present in the sample. 
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During the process of counting pollen, spores are 
also counted, and the latter was used to estimate 
the pollen concentration of the analyzed material. 
For this process, 10 flower buds in pre-anthesis 
stage were collected randomly, whose anthers had 
been dismembered. 

Pollen grains were separated with stilettos, 
tweezers, Petri dish, pipette, and 7.0 mL of distilled 
water for washing. After this procedure, the pollen 
grains of each flower were placed in an ependdorf 
tube of 1.5 mL, adding the pastille of L. clavatum 
previously diluted in water. The 10 ependdorf tubes 
were centrifuged at 2,000 rpm for five minutes 
and the supernatant discarded. Subsequently, three 
slides were prepared per ependdorf tube using 
glycerinated gelatin, and stained with fuchsine. 
A small amount of gelatin was poured into the 
eppendorf tube to collect the precipitate, which 
contained the pollen grains. The gelatin with 

adhered grains was placed onto a slide heated by 
a alcohol lamps, covered with coverslip and sealed 
with transparent enamel (Louveaux et al. 1978). 
The counting of pollen grains and spores was 
performed using an optical microscope, scanning 
the whole blade. From the results, the number of 
pollen per flower (P) was estimated by the equation 
P=18,584 p/L; p and L were the readings of 
pollen grains and spores of L. clavatum per blade, 
respectively. The averages of pollen/ovule relation 
were grouped according to classification of Cruden 
(1977): “cleistogamy (<5.4); mandatory autogamy 
(5.5 to 39); optional autogamy (39.1 to 396.9); 
facultative allogamy (397-2,588); and mandatory 
allogamy (> 2,588)”.

To study the difference of seed/ovule relation 
between the two groups of bees with different 
niches in A. tristis, two strata of the vertical profile 
of approximately 70 cm in height were demarcated.

Fig. 1 - Territory of the Centre for Research and Conservation of Nature (Pró-
Mata), RS, Brazil, where the study was carried out (Adapted from Bertolleti 
and Texeira 1995).
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The lower stratum was marked up to about 
30 cm in height from the ground level, and the 
upper stratum comprised a layer of 30 cm from the 
canopy level to downward, leaving an interface 
between them of 10 cm (Fig. 2). For each stratum, 
10 racemes with average length of 20 cm measured 
from the apex were collected. For each raceme, the 
number of fl ower buds and the number of fl owers, 
and the estimate of future aborted fl owers and 
future seeds based on the allogamy rate or effective 
pollination, were quantifi ed. 

This rate was obtained by demarcating 
300 fl ower buds in pre-anthesis stage, with free 
pollinators visitation and subsequent counting of 
formed hemicraspedious expressed as percentage; 
aborted fl owers; ovule per ovary; hemicraspedious 
fruits in raceme and already released by the 
plant; seeds by hemicraspedious fruits (offspring 
potential); estimate of seeds released by plant; 
estimate of total seed; estimate of total ovule; and 
estimate of seed/ovule (S/O) ratio”. 

Regarding the number of ovules, randomly 
30 fl ower buds in pre-anthesis stage were 
collected from each stratum, following the same 

methodology previously described (in pollen/ovule 
relation). The values were expressed by mean with 
standard errors. The variances of S/O relation of 
the two strata were compared by Snedecor F test 
to evaluate the homoscedasticity and defi ne the 
appropriate statistics for comparing the means by 
Student's t test with 1% probability.

Adesmia tristis has a massive fl ourishing in-
volving the entire vertical profi le of the plant, being 
composed by a complex structure of interlocking 
branches not only from the same plant but also from 
its neighbours. In this context, is very important to 
observe different levels in the vertical profi le linked 
to different kind of pollinators. In order to survey the 
frequency, four period of 30 minutes per day were 
used (9:00 h, 12:00 h, 14:00 h, 16:00 h) during nine 
days. Parallelly to this activity, the time of visiting 
per fl ower was recorded during eight hours. 

Surveying the seeds and ovules generates 
an index when using S/O relation. This index is 
inversely proportional to pollination defi cit. The 
range extends from 0 to1, which represents a 
gradient, from the complete absence of seeds until 
the maximum potenctial of seeds production.

Fig. 2 - Schematic drawing of the vertical profi le in Adesmia tristis with the 
subdivision of two strata and boundary range, and the localization of the two most 
common groups of pollinators (Megachilidae and Andrenidae).
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RESULTS

Adesmia tristis showed 5.07 ± 0.58 ovules per ovary 
and 30.350 ± 5.511 pollen grains per flower. As a 
result, pollen/ovule (P/O) relation was 6,026.6. 

The two most common groups of pollinators in 
A. tristis are solitary bees belonging to Megachilidae 
and Andrenidae families. These bees are fundamental 
to the reproductive system in A. tristis; nevertheless, 
high incidence of aborted flowers was observed. In 
this study, allogamy rate was 37%. Data comprising 
the two studied strata showed that there is equivalence 
in total of aborted flowers (TAF) and the number 
of seeds per hemicraspedious fruits (S/H) in both 
strata (Table I). However, statistical differences were 
highly significant (p<0.01) in the total number of 
hemicraspedious fruits (TH) (hemicraspedious fruits 
in raceme and hemicraspedious fruits already released 
by plant), in the total number of seeds (TS), in the seed/
ovule (S/O) relation, and significant difference in the 
total number of ovules (TO) (p<0.05) (Table I). In the 
two strata, the number of formed seed (9.5% and 5.2% 
in the upper and lower strata, respectively) is less than 
the number of available ovules for fertilization, and 
the difference is higher in the lower stratum (Fig. 3). 

Regarding pollination efficiency in the flower 
scope, the two groups of bees are equivalent; hence, the 
number of seeds/hemicraspedious fruits is statistically 
equal (Table I). However, bees from Megachile genus 
are more agile (2.5 ± 0.4 seconds/flower) in the flower 
blooming phase when compared with Andrenidae 
group (6.4 ± 0.9 seconds/flower), visiting more flowers 
per time unit. This fact reflects a higher seed production 
on the upper stratum with proportional consequences in 
S/O relation (Fig. 4). It is noteworthy that the flowers of 
the lower stratum had fewer ovules (4.8/ovary) in relation 
to the higher stratum (5.3/ovary) and this difference 
was statistically significant (p<0.01) (Table I).

Data obtained in A. tristis showed the S/O 
relation of 0.1 and 0.05 in the upper and lower strata, 
respectively, and the offspring potential (S/H) of 
3.23 (Table I) show that values are linked to factors 
of pollination deficit.

 DISCUSSION

The reproductive system that characterizes A. tristis 
is mandatory allogamy (P/O>2,588) according to 
Cruden classification (1977). It is similar to results 
found in 15 species of Adesmia genus with treatment 
of mutual pollination and mechanical stimulus 
(Tedesco et al. 2000). These authors concluded that 
A. tristis depends on cross-pollination, with possible 
occurrence of incompatibility mechanisms. The 
same conclusion was obtained with plants of A. 
latifolia isolated by screens, resulting in the absence 
of seed set formation (Camacho and Franke 2008).

Allogamy, case of A. tristis, enables hybrid 
vigor, facilitating the maintenance of species in the 
environment. It is interesting that the number of 
viable pollen grains is sufficient for the promotion 
of heterozygosity (Souza et al. 2002), avoiding 
mitigating effects on pollinator capability (Cruden 
2000). Pollinators when conducting the pollen to 
the corresponding stigma minimize the loss risks 
(Cocucci and Mariath 2004), directly influencing 
the plant reproductive system. Therefore, the more 
efficiently pollen grains reach the compatible 
stigma, the greater the fertilization opportunities 
with low P/O relation.

Frequent winds, rainfalls, and fog in the 
studied area reduced pollinators’ activity, which, 
together with intrinsic plant characteristics affected 
allogamy rate, also known as natural crossing 
rates with consequent low seed production. It is 
necessary to preserve and stimulate the increase 
of local pollinator populations using responsible 
practices in areas managed by men and establishing 
protected environments, thereby preventing the risk 
of reducing pollen grain flow and consequently, 
production (Lennartsson 2002, Kolb 2005, Freitas 
et al. 2010), rendering the species non-viable in the 
environment (Nayak and Davidar 2010).

Natural branches arrangement restricts polli
nators circulation spaces of pollinators seeking 
target flowers descending from the canopy to the 
ground. Differentiated niches or micromosaics 
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RA TAF O/O S/H TH TS TO S/O

U 134.61a 5.30a 3.23a 24.60a 79.53a 841.57a 0.10a

L 131.37a 4.80b 3.22a 10.90b 35.38b 680.00b 0.05b

Means followed by the same letter vertically are not statistically different from each other by 
Student's t test at 1% of probability. In TO comparison, the test was 5%.

TABLE I
Means of parameters measured and estimated at 10 racemes of Adesmia tristis for each one of the two strata of the plant 
vertical profile, as follows: “RA - raceme; U - upper stratum; L - lower stratum; TAF- total aborted flowers; O/O – ovule 
per ovary (n=30); S/H – seeds per hemicraspedious fruits; TH - total hemicraspedious fruits; TS - total seeds; TO - total 

ovules; S/O - seed/ovule relation. Pró-Mata PUCRS, São Francisco de Paula, RS, January 2010 and 2011”.

Fig. 3 - Average number of seeds and ovules formed in 10 racemes of A. tristis lower and 
upper strata with standard error bars.

Fig. 4 - Seed/ovule relation of racemes from Adesmia tristis lower and upper strata with 
standard error bars.
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of foraging are formed in plant’s vertical profile. 
However, the magnitude of these trophic niches 
is subject to temporal and spatial changes (Aguiar 
and Santos 2007) because they are linked to the 
structure of the surrounding vegetation.

The two most common pollinator groups 
in A. tristis have distinct characteristics. Bees of 
Megachilidae family are robust and fast compared with 
bees of Andrenidae family. The first ones preferentially 
visit flowers of the plant’s upper stratum near the 
canopy with more free space for their evolutions in 
searching nectar and pollen. The other ones are more 
common in the lower stratum. It is assumed that these 
characteristics facilitated the formation of ecological 
niches associated with the principle of competitive 
exclusion (Odum 1988). These adaptations are selective 
and allow the coexistence of organism’s diversity in 
habitats (Chesson 1991, 2000, Giacomini 2007).

In A. tristis, the competition involves not only 
nectar and pollen, but particularly space. Sometimes, 
bees belonging to the Andrenidae family were 
observed foraging in the upper stratum, and when 
bees from Megachilidae family arrived, there was 
some disagreement and the smaller ones (Andrenidae) 
migrated to the lower stratum. This Behaviour occurs 
because bees from both families visit A. tristis flowers 
at the same time of the day. Some studies report the 
coexistence of bee species in the same plant, using 
different foraging strategies (Morgado et al. 2002, El 
Shafie and Mogga 2002, Biesmeijer and Slaa 2006, 
Carvalho and Oliveira 2010). This aspect is convenient 
in A. tristis by pollination complementation, with direct 
impact on seed production and species perpetuation. 
Thus, a pollinators’ guild is more effective for the 
pollination service and system stability than a single 
species (Hoehn et al. 2008).

Low seed yield in the two strata below the 
ovules to be fertilized means there are pollination 
deficit problems. 

It is possible that the pollinators’ population 
of A. tristis were decreased, contributing to the 
high incidence of flowers capable of forming 

hemicraspedious fruits that aborted. The massive 
supply of flowers outside the natural patterns 
(plantation) must have exceeded the capacity of 
pollinator visits. The massive flowering (in time and 
space) should also be considered as adaptive strategy 
in reproductive success (Inouye 2008). In nature, 
the cross-pollinated plants normally do not reach 
the maximum production level of fruit and/or seeds 
(Barrett 2002). The pollination deficit with its levels 
gradations is an environmental standard. A survey 
in Canada with 258 species of angiosperms showed 
a maximum limit of 45% of effective pollination in 
seed production (Burd 1994). Genetic factors are 
possible causes of flowers abortion, according to the 
development of homozygous embryos for deleterious 
alleles (Charlesworth 1989). Other interferences such 
as the limitation of resources affect flowering process 
(Weins 1984, Griffin and Barrett 2002). In A. tristis, 
such factors and circumstances may be involved. The 
possible occurrence of geitonogamy may cause self-
incompatibility (Tedesco et al. 2000). This induces 
the decrease of desirable pollen flow and changes 
in the target stigma. Consequences lead to decrease 
of crossing process and reduction in female function 
with lower seed production (Barrett 2002).

The difference among the amount ovules from 
the two strata demonstrates that other factors affect 
plant physiology, such as light reception and nutrient 
translocation in the drain and source operations, and 
hormonal actions (Larcher 2003, Taiz and Zeiger 
2009) act synergistically to enhance branch vigor, 
increasing the number of seeds in the upper stratum.

The progeny potential of A. tristis was 3.23. 
It relates to the ovule protection, dispersal, and 
r e k strategies of population growth of Pianka 
(1970), where r represents opportunistic species, 
which are usually annual, that most of their energy 
to reproductive effort; and k represent resource-
competing species, which are usually perennial, and 
spends most of their energy for maintenance (Odum 
1988). Another value that stands out in the plant under 
study is S/O relation, and 0.10 and 0.05 are for the 
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upper and lower strata, respectively. In unchanged 
environments, S/O relation of annual plants is around 
0.85 with offspring potential of 21.70. In perennial 
plants, S/O average is 0.50, regardless of the 
reproductive system, and the offspring potential is 
only 9.90 (Weins 1984). Woody species (k strategy) 
have lower S/O (0.30) ratios and offspring potential 
(3.30), when compared to perennial herbaceous with 
S/O of 0.57 and offspring potential of 13.50 (Weins 
1984). In Fabaceae, it is common to find low values 
of fruit/flowers ratio and/or seed/ovules (Bawa and 
Buckley 1989). Studies on reproductive Biology of 
Caesalpinia pyramidalis (Fabaceae) in the Caatinga 
region of Northeastern Brazil showed similar results 
(Leite and Machado 2009).

Our results indicate that A. tristis presents 
compulsory allogamy. The vertical profile of the 
plant has different foraging niches for the most 
frequent pollinators, where the bees belonging to 
Megachile genus forage preferentially close to the 
plant canopy, while bees belonging to Andrenidae 
family forage in the lower stratum. The upper 
stratum of the plant vertical profile contributes 
more to seed production than the lower stratum. 

The obtained S/O relation of A. tristis suggests 
the possibility of pollination deficit. However, 
this index should be associated with other 
methods of pollination deficit classification, such 
as those recommended by Food and Agriculture 
Organization od the United Nacions (FAO), as 
mentioned by Vaissière et al. (2011), to support 
conclusions. These results are important for guiding 
management plans aiming at possible corrections 
of factors that limit fruits and/or seeds production 
in order to obtain the expected results.

RESUMO

A distribuição vertical dos polinizadores é um importante 
componente no padrão de forrageamento nos estratos das 
plantas e influencia o sistema reprodutivo (relação pólen/
óvulo) e a razão semente/óvulo. Nichos em dois estratos 
diferentes de Adesmia tristis Vogel foram avaliados quanto 

a esses aspectos. Essa planta é um arbusto endêmico dos 
campos de Cima da Serra no Sul do Brasil. Os estudos 
ocorreram de janeiro de 2010 a janeiro de 2011, no Pró-
Mata/PUCRS (Pontifícia Universidade Católica do Rio 
Grande do Sul) (29°27'-29°35'S e 50°08'-50°15'W), São 
Francisco de Paula, estado do Rio Grande do Sul, Brasil. 
O sistema reprodutivo de A. tristis é alogamia obrigatória. 
O perfil vertical em A. tristis possui diferentes nichos 
de forrageamento entre os polinizadores mais comuns. 
Abelhas do gênero Megachile forrageiam no estrato 
superior e as abelhas representantes da família Andrenidae 
exploram o estrato inferior. O estrato superior do perfil 
vertical contribui mais na produção de sementes. Adesmia 
tristis apresentou evidências de déficit de polinização.

Palavras-chave: alogamia, abelhas, forrageamento, 
nichos, déficit de polinização.
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