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1 ABSTRACT

Production of nectar can play a fundamental role in the foraging behaviour of floral visitors
through its availability and distribution. The aim of this study was to understand the
foraging pattern of floral visitors in Serjania caracasana. The field study observed the
strategy of nectar production and the foraging behaviour of the floral visitors of Serjania
caracasana, carried out through an experiment that evaluated the amount of nectar
produced by flowers, species richness and frequency of visits. The data analysis showed
that there is no significant correlation between any of the variables analysed. The unstable
nectar between the flowers and the unpredictability during the hours of the day suggest a
risk-foraging strategy of risk-prone type of the species of floral visitors. The data from this
study suggests that Serjania caracasana has potential to understand the theory of risk-
sensitive foraging in relation to its reproductive success.

2 INTRODUCTION

The energetic reward of different floral species
has enormous influence on the foraging
behaviour of pollinating animals. This insect-
plant interaction is a dynamic system that
presents variation both in plant strategy and in
the behaviour of flower visitors (Pyke 2016;
Richman e a4/ 2017). This relationship
encompasses a high variety of consumption
and resource networks (Lange ef al 2013), in
which the secretion of nectar may vary
depending on location, time, age and flower
size and / or environmental conditions
(Zimmerman and Pyke 1988; Sazima ¢7 al. 1994;
Vicentini and Fischer 1999). Thus, the
availability and distribution of nectar among
flowers can determine the behaviour of

pollinators in relation to the frequency of visits,
the number of flowers visited and the duration
of the visit (Rathcke 1992; Pyke 2016). Flowers
of the same plant tend to be similar in their
production rate, concentration and composition
of the nectar. This reflects on the behaviour of
the floral visitor, who estimates the time and
nectar removed since the last poll and expects
the yield of nectar from another flower on the
same plant to be similar to the last flower
visited. From there, they use this information to
make decisions that improve their foraging
success. This theory is called optimal foraging
(Pyke 2010; Pyke 2016). In the theory of
optimal foraging there is a balance between the
costs and benefits of these behavioural
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decisions. In this hypothesis individuals seek to
maximize food intake or decrease foraging time
(Ricklefs 2009). That is, the floral visitor
continues to take nectar from one flower until
the net rate of energy consumption falls and
then probably moves to another flower on the
same plant with increasing amounts of energy
obtained in the current flower (Hodges and
Wolf 1981). However, it is worth remembering
that in addition to the average nectar or
energetic return (nutritional questions), the
variation of the resource distribution over this

3 MATERIAL AND METHODS

3.1 Study area: The study was developed
in Vale Natural Reserve, in Linhares - ES with
an area of 22.711ha, associated to the Reserva
Biologica de Sooretama (RBS). The reserve is
managed by the Instituto Chico Mendes de
Conservagao da Biodiversidade (ICMBio), and
together with the two Private Reserves of
Natural Heritage owned by FIBRIA, it forms a
continuous block of protected forest with
approximately 50,000ha. Within the reserve
four major types of plant physiognomy are
found. The highest forest, Mata Alta, is
characterized by high-altitude trees, which reach
more than 35 m, and by clay soils (Jesus and
Rolim 2005; Peixoto e al. 2008). The forests of
Mugununga, where the collections of this study
were carried out, usually form enclaves inside
the Mata Alta and occur on sandy deposits,
with a canopy of about 10 m in height and
great penetration of light in the understory
(Peixoto ez al. 2008). The native field consists of
a physiognomy varying from herbaceous to
shrubby and also occurs on sandy soils,
forming enclaves in Mata Alta and Mugununga
(Aratjo et al. 2008). There are permanently
flooded areas, or floodplains, they have
physiognomy ranging from herbaceous to
shrub, with a canopy of about 12 m in height
(Peixoto et al  2008). The climate is
characterized by a wet summer season between
the months of December and February and a
dry autumn-winter season between May and
September separated by seasons of transition

average and environmental variations for the
behaviour of floral visitors should be
considered (Oster and Wilson 1978; Richman e#
al. 2017) When observing the specimen of
Serjania caracasana and the numerous floral
visitors present throughout the day, this study
sought to understand the strategy of nectar
production of the plant and the foraging
behaviour of insects. It was based as an initial
hypothesis the dependence of the greater
production of the nectar in the greater wealth
of visiting species.

(Engel and Martins 2005).

3.2 Characteristic of the plant species:
The genus Serjania Mill, one of the main
groups of the Sapindaceae family, is
represented by about 150 genera and 2000
species, distributed in tropical and subtropical
regions (Souza and Lorenzi 2005). Among
Serjania species, S. caracasana (Fig. 1, Fig. 2) is
characterized as a climbing species, and it is
considered one of the most representative in
terms of species of scaly Angiosperms (Gentry,
1991). This species presents a stem composed
of a central cylinder and 8 smaller peripherals
with octagonal marrow. It has glabrous
branches and rarely pubertal. Its leaves are
biternate or foliolate with hardening in the
abaxial face and the scorpioides inflorescences
with small floral buds (Sprengel-Lima, Alves
Rezende 2013). Several species of Serjania
present important ethnopharmacological use, in
the making of handicrafts, landscaping and
even in beekeeping production (Guarim-Neto ef
al. 2000). The dominance of Serjania pollen in
honey samples has already been verified. This
shows its importance in the production of
honey and nectar source (Freitas and Silva
20006), where a large variety of species of social
and solitary bees visit flowers of plants
belonging to Serjania (8. caracasana (Jacq.) Willd;
S.  gabrata  Kunth; S. communis  Camb; .
pernambucensis) Martins e al. 2003).

3.3 Data collect: Considering the difficult
of identifying real genets, eight ramets of S.
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caracasana growing in Mussunuga vegetation of
the Vale Natural Reserve, in August 2016, were
monitored with observation beginning at 7:00
am and ending at 15:00 pm, during 3
consecutive days. Before beginning a daily
observation, 3 inflorescences of different
ramets were protected with a bag to carry out
the nectar collections. The day the temperature
and the volume of nectar were taken houtly.
The amount of nectar was withdrawn from 3
flowers with the aid of glass capillary. The
capillaries with the volume of nectar were kept
in a cooled environment for their conservation
until the analysis. To calculate the volume of
the nectar, each capillary was measured for the

4 RESULTS

During the observation period in the specimen
of Serjania caracasana (Fig. 1, fig. 2), a total of 15
species were counted, followed in ascending

height of the amount of nectar and diameter by
the image ] program and afterwards the nectar
was weighed in analytical balance. The
frequencies of visits were counted by means of
observations, setting up a visit every time the
insect inoculated its oral device inside the
flower. All species were photographed for later
identification.

3.4  Data analysis: From the data obtained,
the Margaleff Diversity Index and the amount
of nectar were calculated according to the
temperature and time of day. These data were
submitted to the statistical test of simple linear
regression by the SYSTAT program.

order of visits, wasps, bees, flies, moths and
beetles (Fig. 3, fig. 4) of 8633 visits (Tab. 1).

Figure 1: Serjania caracasana (Jacq.) Willd. a. Staminate flower. ap: longitudinal view, showing the anthers
(arrow) on the top of filaments. az: inside view showing the monadelphic androecium (arrow), the pistilode
(double arrow) and the nectariferous disk (triple arrow). b: Pistilate flower. by: longitudinal view showing
staminodes (arrow) and the gynoecium (double arrow). by: inside view showing the staminodes (arrow), the
gynoecium (double arrow) and the nectariferous disk (triple arrow).

7247



T——

d HOURMAL

Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024) |
Vol.42 (2): 7245-7255. https://doi.orq/10.35759/JAnmPISci.vd2-2.6 |1 = |

| B EL
4
oy iy

=

Oliveira APJ et al., 2019

S

<

2

Figure 2: Exemplary of Serjania caracasana. 1A: information on vegetative characters such as branches,
foliolate leaves and inflorescences; 1B: tiny flowers and flower buds of an inflorescence; 1C: fruit.
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Figure 3: Some floral visitors to Serjania caracasana. 1A: Eremnophila binodis (Fabricius, 1798); 2B: Calephelis
braziliensis McAlpine, 1971); 2C: Eremnophila eximia (Lepeletier, 1845); 2D: Melipona rufiventris (Lepeltier, 18306);
2E: Pepsis egregia (Mocsary, 1885); 2F: Species of the family Cerambycidae.
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Figure 4: Some floral visitors to Serjania caracasana. 3A: Delia platura (Meigen, 18206); 3B: Enodynerus hidalgo (de
Saussure, 1857); 3C: Carmenta bassiformis (Walker, 1856); 3D: Polistes versicolor (Olivier, 1791); 3E: Sphex
nitidiventris (Spinola, 1851); 3F: Tetragonisca angustula (Latreille, 1811).
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Figure 5: Correlation diagram of nectar in relation to temperature, day time and species richness of

floral visitors.

During the observation period, during the first
and second day the temperature ranged from 17
° C to 7:00 am to 27°C to 15 pm and on the
third day ranged from 22°C to 27°C. The nectar
volume of the 3 flowers collected at each hour
varied throughout the day and did not present
progressively nor equivalent to the same
schedules of the other evaluated days, with
some flowers with absence or without

DISCUSSION

Different from the observations that generally
support the expectations of optimal foraging
(Pyke 2010 and Pyke 2016), foraging can also
be presented as "risk-sensitive." In this
behaviour, the animals exploit two resource
units even under varying conditions (Caraco
1980). The unpredictable pattern of nectar
production presented by Serjania caracasana and
the floral visitors' activity in this study may be
characterized by the risk-prone foraging
strategy (Oster and Wilson, 1978; Caraco 1980),
which exploits a resource that has variation.

significant volume of nectar. Regarding the
production of nectar, there was no
predictability in the activity of floral visitors
based on resource availability, time of day and
temperature (Fig. 5). The values of temperature
and nectar on the activity of floral visitors
presented a negative and statistically non-
significant correlation (p> 0.05) (Tab. 2).

There is still room for debate and r researcher
so as to reach a consensus on whether
pollinators are more typically risk-averse or risk-
prone. Studies suggest that most pollinators
should avoid risk-prone foraging strategies
(Real 1980; Caraco 1981), but when other
factors such as scarcity of resources or
reproductive season are involved, some animals
may exhibit this behaviour (Cartar 1990; Real
and Caraco 1986). This information is relevant,
because during the investigation period, the
study region went through a long period of
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drought, which may explain the activity of the
visitors that did not obey the optimal foraging
theory, showing no correlation between any of
the evaluated constants. However behavioural
ecologists  have explored several new
dimensions of compensation for this type of
decision making (Ings and Chittka 2008). One
of the explanations that some authors have
been exposing is research on animal
"personality” (Burns 2005; Burns and Dyer
2008; Muller and Chittka 2008). It is true that
there is a variety of flower species available that
can vary in the availability of nectar according
to time (Real 1981). In a study with forage bees,
they show coexisting strategies, where some
individuals place more emphasis on accuracy
and others on speed that may vary depending
on individual differences (Chittka ez a/ 2003).
This variety may be essential for the survival of
the colonies in that it allows the colony to
respond flexibly to environmental variation.
Thus, spatial and temporal heterogeneity in the
environment can play an important role in
maintaining diversity (Muller and Chittka 2008).
Bees and wasps are insects that participate in
the various processes of interactions between
plants and animals and have great importance
in plant pollination (Clemente ez a/ 2012). In
the plant species focus of this study, floral
visitors have short mouthparts such as
butterflies, beetles, bees and wasps. The wasps,
already described as generalist pollinators, were
represented in the observations of this study
with the highest frequency of visits to the
Serjania  caracasana specimen. Pollination by
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Table 1. Species and family of insects observed visiting flowers of Serjania caracasana during their

flowering period.

Species / family Number of visits
Sphex pensylvanicus (Linnaeus,1763) 2488
Sphex: nitidiventris (Spinola, 1851) 1110
Eremnophila binodis (Fabricius, 1798) 1379
Pepsis egregia (Mocsary, 1885) 922
Tetragonisca angustula (Latreille, 1811) 992
Eremnophila eximia (Lepeletier, 1845) 447
Polistes versicolor (Olivier, 1791) 382
Chrysomya megacephala (Fabricius, 1794) 311
Calephelis bragiliensis (McAlpine, 1971) 170
Delia platura (Meigen, 1826) 159
Euodynerns hidalgo (de Saussure, 1857) 102
Cerambycidae 64
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Melipona rufiventris (Lepeltier, 18306) 54
Curculionidae 27
Carmenta bassiformis (Walker, 1856) 26

Table 2: Linear regression analysis of the activity of the visiting insects as a function of nectar

availability.
Constant F-ratio Valor-p degree of freedom
Temperature 1.150 0.295 22
Nectar (Maximum) 0.009 0.924 22
Néctar (Average) 0.079 0.781 22
Néctar (SE) 0.006 0.940 22
SE: stand
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