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Abstract: Vanilla is the most well-known and economically important genus of Orchidaceae in the world. Vanilla 
bahiana is restricted to Brazil and its conservation status was recently assessed as ‘Endangered’. The species is 
phylogenetically closely related to V. planifolia, whose pods are the main natural source of vanillin. The primary 
desirable traits for vanilla production are high fruit set and great resistance to abiotic stress. High temperatures (> 
32ºC) and heavy rain favor fungal infection, and thus are indirectly responsible for fruit drop by V. planifolia in 
cultivation. The aim of the present study was to follow the process of pod ripening of V. bahiana in a restinga fragment 
in an Environmental Protection Area of Bahia State, and to highlight implications for vanilla crop improvement. 
Fieldwork was carried out from April 2016 to January 2017. A total of nine manual self-pollinations and nine 
manual cross-pollinations were successfully carried out. Fruit length, diameter and girth were recorded every two 
weeks. Fruit permanence in the infrutescence was measured as consecutive days from pollination. Descriptive 
statistics were calculated and Pearson correlation analysis performed among all attributes per pollination method. 
The influence of temperature and rainfall was also analyzed. Pod measurements and fruit permanence in the 
infrutescence were higher for cross-pollination than self-pollination. Higher rainfall results in fruit drop. The use 
of V. bahiana in breeding efforts for the genus is here strongly suggested and supported by previously published 
studies that allowed us to highlight several desirable traits: vanillin production, its wide geographical distribution and 
occurrence in a variety of habitats; substantial populations; resistance to conditions of drought and high luminosity 
and temperature; extensive blooming period; high number of flowers per raceme; possible synchronised flowering 
with V. planifolia, and fruiting throughout the year. These prospects are promising and should be further evaluated, 
not only for V. bahiana but for other vanilla crop wild relatives. Studies of pollination ecology can be used to set 
guidelines for the conservation of the V. planifolia group and to encourage the development of strategies to increase 
the production of fruit and, consequently, vanillin for its culinary uses and medical applications.
Keywords: Bahia State, Brazil, conservation, crop wild relative, vanilla production.

Vanilla bahiana Hoehne (Orchidaceae): estudos sobre o desenvolvimento dos frutos e 
novas perspectivas para o melhoramento de culturas do grupo Vanilla planifolia

Resumo: Vanilla é o gênero mais bem conhecido e economicamente importante de Orchidaceae no mundo. A 
espécie Vanilla bahiana é restrita ao Brasil e seu estado de conservação foi recentemente avaliado como “Em 
Perigo”. A espécie é filogeneticamente próxima de V. planifolia, cujos frutos são a principal fonte natural de 
vanilina. As principais características desejáveis para a produção de baunilha são o elevado número de frutos e 
grande resistência ao estresse abiótico. Altas temperaturas (> 32 º C) e fortes chuvas favorecem a infecção fúngica, 
sendo, portanto, indiretamente responsáveis pela queda de frutos de V. planifolia em cultivo. O objetivo do presente 
estudo foi acompanhar o processo de maturação do fruto de V. bahiana em um fragmento de restinga em uma Área 
de Proteção Ambiental do estado da Bahia e destacar as implicações para o melhoramento da cultura da baunilha. 
O trabalho de campo foi realizado de abril de 2016 a janeiro de 2017. Um total de nove autopolinizações manuais e 
nove polinizações cruzadas manuais foram realizadas com sucesso. O comprimento, o diâmetro e a circunferência 
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Introduction

Vanilla Mill. is the most well-known and economically important 
genus of Orchidaceae in the world (e.g. Correll 1953, Ramachandra 
& Ravishankar 2000, Lubinsky et al. 2008a). Beans of Vanilla spp., 
mainly Vanilla planifolia Jacks. ex Andrew, are natural sources of 
vanillin and vanilla extracts, which are widely used in different cuisines 
and perfumes (Childers & Cibes 1948, Bythrow 2005, Havkin-Frenkel 
& Belanger 2011).  Furthermore, vanillin has been found to be 
anticarcinogenic, anticlastogenic, antimicrobial and antimutagenic 
(Bythrow 2005). Important vanilla-producing countries include India, 
Indonesia, Mexico, Papua New Guinea, Puerto Rico, Uganda, and 
regions of the Indian Ocean, with less-extensive plantations in several 
equatorial and tropical countries such as Brazil, Colombia, Costa 
Rica and Australia (Correll 1953, Sasikumar 2010, Havkin-Frenkel & 
Belanger 2011, Osorio et al. 2012). However, Vanilla planifolia has 
limited genetic variability (Schlüter et al. 2007, Lubinsky et al. 2008a, 
Minoo et al. 2008), and thus crop wild relatives have been identified 
as potencial sources of desirable traits for vanilla production, yet field 
research is needed to better understand their ecology (Nissar et al. 2006, 
Minoo et al. 2008, Havkin-Frenkel & Belanger 2011, Gigant et al. 2011, 
Flanagan et al. 2019).

Vanilla comprises about 120 species, with its highest species 
richness being in Brazil (37 species, 21 of which are restricted to the 
country) (Pansarin 2010, Ferreira et al. 2017, Flanagan et al. 2019, 
Flora do Brasil 2020). The informal V. planifolia group  encompasses 
25 taxa, and includes several American species (Soto Arenas & 
Cribb 2010, Barona-Colmenares 2018, Karremans & Lehamm 2018, 
Flanagan et al. 2018, 2019). Vanilla bahiana is phylogenetically 
closely related to Vanilla planifolia and is restricted to Brazil, where 
it occurs from Maranhão State to São Paulo State. (Bouetard et al. 
2010, Gigant et al. 2011, Villanueva-Viramontes et al. 2017, Flora 
do Brasil 2020). Regarding the conservation status, Vanilla bahiana 
was recently assessed as ‘Endangered’ (Ferreira et al. 2017). Vanilla 
bahiana is a deceptive and self-compatible species. It is pollinator 
dependent, has short anthesis (few hours) at dawn, and low natural 
fruit set (ca. 2%) (Anjos et al. 2017). However, little is known about 
its fruit development. High temperatures (> 32ºC), poor ventilation and 

heavy rain favor fungal infection, and thus are indirectly responsible 
for fruit drop by V. planifolia in cultivation (Hernández-Hernández 
2011). The goals of the present study were to (1) follow the process of 
pod ripening of V. bahiana in a restinga fragment in an Environmental 
Protection Area of Bahia State, and (2) to highlight implications for 
vanilla crop improvement.

Material and Methods

1.	 Study area

The study was carried out in an area of sand dunes in the Área 
de Proteção Ambiental de Lagoas e Dunas do Abaeté (APA Abaeté) 
in the municipality of Salvador (12°54’–12°57’S, 38°18’–38º21’W), 
northeastern Brazil (Brasil 2018). This protected area was established in 
1987 and covers a total of 1,800 hectares (Bahia 1987). The climate is 
tropical humid, without a dry season (Köppen 1948), and with relative 
humidity above 70-80% throughout the year (Viana & Kleinert 2005). 
The annual mean temperature is 25.9 °C, the annual precipitation is 
1,885 mm, and April and May are the rainiest months (Schiavone 2014). 
Distinct restinga phytophysiognomies (sensu Brasil, 2009) are found 
within APA Abaeté, including herbaceous, shrub and restinga forest 
formations (Britto et al. 1993, Silva, 2012).

2.	 Data collection

Fruit development of V. bahiana was studied during April 2016 and 
January 2017 (40 weeks) in a restinga forest fragment bordered by a 
shrub formation (12°55’S, 38°19’W) and with a discontinuous canopy 
due to the establishment of trails (Figure 1a). A total of nine manual 
self-pollinations (SP) and nine manual cross-pollinations (CP) (a single 
flower per individual) were successfully realized from April 2016 to May 
2016. For each raceme, the first flower to open was pollinated (Figure 
1b). Pollinations were performed between 08:00 and 08:30 h using all 
the pollen of the flowers (Anjos et al. 2017). To avoid confusion among 
treatments, different-colored ribbons were used for each test (Dafni et al. 
2005). Fruit lengh (L), diameter (D) and  girth (G) was measured every 
two weeks. Fruit permanence in the infrutescence (F) was measured by 
counting consecutive days from pollination until the last measurement.

dos frutos foram registrados a cada duas semanas. A permanência do fruto na infrutescência foi medida através de dias 
consecutivos a partir da polinização. Medidas estatísticas descritivas dos atributos morfométricos foram calculadas 
e a análise de correlação de Pearson foi realizada para verificar a associação entre os pares dos atributos por método 
de polinização. Também foi analisada a influência da temperatura e da precipitação pluviométrica.  As medidas do 
fruto e a permanência do fruto na infrutescência foram maiores na polinização cruzada do que na autopolinização. O 
aumento dos índices pluviométricos resulta em queda de frutos. O uso de V. bahiana em esforços de melhoramento 
para o gênero é fortemente sugerido aqui e suportado por estudos publicados anteriormente, que nos permitiram 
destacar várias características desejáveis: a produção de vanilina; ampla distribuição geográfica e ocorrência em 
diversos domínios fitogeográficos; formação de populações substanciais; resistência às condições de seca, alta 
luminosidade e temperatura elevada; extenso período de floração; elevado número de flores por racemo; possível 
florescimento sincronizado com V. planifolia; e frutificação ao longo do ano. Essas perspectivas são promissoras 
e devem ser avaliadas não apenas para V. bahiana, mas também para outras espécies de Vanilla restritas ao Brasil. 
Estudos de ecologia de polinização podem ser usados para estabelecer diretrizes para a conservação do grupo 
V. planifolia e encorajar o desenvolvimento de estratégias para aumentar a produção de frutos e, consequentemente, 
de vanilina para usos culinários e aplicações médicas.
Palavras-chave: Bahia, Brasil, conservação, parente silvestre de cultivar, produção de baunilha.
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3.	 Data analysis

Descriptive statistics, including means, medians, standard 
deviations, skewness and kurtosis were calculated for the four 
parameters in order to verify numerically the behavior of the data. 
Pearson’s correlation analysis was used to test the association between 

pairs of attributes (Callegari-Jacques 2003), and the level of significance 
for each pair was calculated by Test T. An exploratory analysis of the 
data was also carried out. Coefficients of variation (CV) for the variables 
were compared in order to verify the homogeneity of the data around the 
mean (Pimentel-Gomes 2009). We adopted the following classification 
for the coefficients of variation (Pimentel-Gomes 2009):  low (< 10%), 

Figure 1. Vanilla bahiana Hoehne. (a) Habitat. (b) Intact flower. For each raceme, the first flower to open was pollinated. (c) 
Immature fruit formed by manual cross-pollination (73 days after pollination; fruit length = 13,2 cm, diameter = 1,1 cm and 
girth = 4,0 cm). (d) Mature fruit formed by cross-pollination (7 months after pollination; fruit length = 13,1 cm, diameter = 1,1 
cm and girth = 4,5 cm). Photographed by Felipe Fajardo V. A. Barberena (a, b) and Tailane Alves do Nascimento (c, d).
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Abstract: A new foraging tactic for the pearl cichlid, Geophagus brasiliensis, is described from underwater 
observations performed in a coastal stream of the Atlantic Forest, Southeastern Brazil. Named “shift picking”, 
the foraging tactic involved the manoeuvering of leaves, wood twigs and tree bark present in the substrate, with 
fish using its mouth to turn objects and uncover macroinvertebrates adhered to the underside of the object being 
picked (“B-side”). The object-shifting behaviour is rarely reported for fish and the present description seems to be 
the first record for a freshwater species of South America.
Keywords: foraging behaviour; fish ecology; naturalistic studies; Cichlidae; Atlantic Forest.

O surpreendente “lado-B”: descrição de uma nova tática de forrageamento para o 
acará, Geophagus brasiliensis, em um riacho costeiro da Mata Atlântica

Resumo: Uma nova tática de forrageamento do acará, Geophagus brasiliensis, é descrita a partir de observações 
subaquáticas realizadas em um riacho costeiro da Mata Atlântica, Sudeste do Brasil. Chamada de “virar para 
pegar”, a tática de forrageamento envolve o movimento de folhas, galhos e cascas de árvores presentes no substrato, 
com os peixes usando a boca para virar objetos e expor macroinvertebrados aderidos à parte de baixo dos objetos 
explorados (“lado B”). O comportamento de mover objetos é raramente relatado e o presente trabalho parece ser 
o primeiro registro para uma espécie de água doce da América do Sul.
Palavras-chave: comportamento de forrageamento; ecologia de peixes; estudos naturalísticos; Cichlidae; Mata 
Atlântica.

ISSN 1676-0611 (online edition)

Short Communication

http://dx.doi.org/10.1590/1676-0611-BN-2018-0702	 http://www.scielo.br/bn

Introduction

The pearl cichlid, Geophagus brasiliensis (Quoy & Gaimard, 
1824) (Perciformes, Cichlidae), is widely distributed along the coastal 
drainages of eastern and southern Brazil and Uruguay (Kullander 
2003). This species inhabits the lentic habitats and shallow waters 
of rivers, streams, lakes, reservoirs and even brackish environments 
(Nunes et al. 2014). Presenting diurnal activity and visual orientation 
(Sabino & Castro 1990), G. brasiliensis feeds on a wide variety of 
items, preferring benthic resources such as molluscs, vascular plants, 
crustaceans, fish scales, insects, among others (Nomura & Carvalho 
1972, Sabino & Castro 1990, Abelha & Goulart 2004). Its high trophic 
plasticity and opportunism allow the exploitation of different resources 
and this species is usually classified as an omnivore (Sabino & Castro 

1990, Arcifa & Meschiatti 1993, Dias et al. 2004, Moraes et al. 2004, 
Gomiero & Braga 2008, Bastos et al. 2011), although differences in prey 
availability across study sites and conceptual approaches may lead G. 
brasiliensis to a variety of trophic preferences that include detritivory 
(e.g., Meschiatti 1995), insectivory (e.g., Ribeiro et al. 2014) or even 
benthivory (e.g., Nunes et al. 2014). However, the diversified foraging 
behaviour known for G. brasiliensis is usually based and inferred from 
the analysis of stomach contents, thus limiting the understanding of 
how occurs the ingestion of prey hidden under structures or adhered to 
objects such as leaves, wood twigs, and tree barks.

Few studies have provided information on the foraging behaviour of 
G. brasiliensis in the wild. Sabino & Castro (1990) observed this species 
in feeding activity during the day, obtaining food using the foraging 
tactic named “picking up substrate and sorting prey” (sensu Keenleyside 
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1979), that comprises the combination of the protrusion of the upper 
jaw with the opening of the operculum to separate the food items 
from the debris. This foraging behaviour in cichlids has been recently 
described as “sediment sifting”, with several analyses of morphology 
and evolutionary process related to this strategy for the South American 
cichlids (see López-Fernández et al. 2012, 2014). Through this tactic, 
Sabino & Castro (1990) suggested that G. brasiliensis was able to 
excavate the sediment and feed on prey hidden in the substrate. Uieda 
(1995) also observed the use of this foraging tactic by G. brasiliensis 
and added “picking at relatively small prey” (sensu Keenleyside 1979) to 
the role of foraging tactics displayed by the species. This foraging tactic 
allowed the species to catch prey on the bottom rocks and classified G. 
brasiliensis as having an intermediate niche amplitude when compared 
to other two bottom omnivorous fishes which fed on insects (Uieda 
1995). After that, no study attempted to refine the knowledge about the 
feeding behaviour of G. brasiliensis through a naturalistic approach, 
which highlights the need of studies to better understand how prey is 
selected and captured.

In this study we report a new foraging tactic for G. brasiliensis, 
presumably focusing on macroinvertebrates hidden under objects. We 
confronted our findings with the literature on the diet of the species, 
discussing how its morphological and behavioural characteristics can 
influence the capture of prey. Additionally, we searched for information 
about the behaviour of moving objects among freshwater fish, since 
this tactic seems to be rarely described or even uncommon worldwide.

Material and Methods

The study was performed in the Rio das Minas, a coastal stream 
located in Cananeia, a municipality of Southeastern Brazil that 
comprises a biodiversity hotspot with the largest remaining fragment 
of the Atlantic Forest ecosystem in the country (about 24°59’35”S, 
48°07’31”W).

The underwater observations were made at day hours (10h00min-
14h00min) while snorkelling (cf. Sabino 1999), during the dry 
season between April to August 2018. “Ad libitum” and “behaviour” 
sampling rules (Martin & Bateson 1986) were used throughout the 
observational sessions, mostly recorded on a plastic slate. Additionally, 

digital photographs and video records were taken to check visual 
observations, based on the methods presented by Sazima (1986) 
and Sabino (1999). Size estimates (total length in cm, TL) for G. 
brasiliensis were calibrated against objects of known size. Fish 
identification was done in situ during the underwater observations 
(following Oyakawa et al. 2006 and Oyakawa & Menezes 2011), 
without the need to capture the animals.

Results

During approximately ten hours of underwater observations, mostly 
at depths of 0.8 to 2.5 m, 19 individuals of G. brasiliensis (8-25 cm 
TL) were observed moving leaves, wood twigs and fragments of tree 
bark to uncover prey adhered to the underside (“B-side”) of the object 
being picked (see Supplementary Material - Video). Named here as 
“shift picking”, this foraging tactic started when fish were swimming 
under organic substrate until they encountered some object (mainly 
leaves). To turn it, the fish approach the object horizontally, pushing it 
forward with the mouth while performing movements with the caudal 
and pectoral fins (Figure 1a). Such movements were apparently stronger 
when objects were larger in relation to fish size, with fish moving the 
caudal fin faster than was observed while moving smallest objects. 
Once turned, the object had the “B-side” explored by the fish; in this 
case, with fish biting items sighted at the surface of the object, with 
the body horizontally positioned in relation to the substrate or slightly 
inclined forward (Figure 1b). Between a bite and another, the fish moved 
away from the object, swimming backwards and moving the head to 
the side, in an apparent attempt to spot other prey. The number of bites 
ranged from one to three per object, with fish performing buccal and 
opercular movements as described by Sabino & Castro (1990) and 
Drucker & Jensen (1991) while consuming the prey. The time spent 
by the fish to turn and examine on each object was about 30 seconds. 
There was no relationship between the use of “shift picking” and the 
current flow; however, the foraging tactic was only observed in fish 
present in lentic environments, such as mesohabitats formed by pools. 
Although sighted during the observation sessions in the shallower areas 
of the pools, individuals smaller than 8 cm TL were not observed using 
this foraging tactic.

Figure 1. Geophagus brasiliensis performing “shift picking”. The individual on the right side approaches the object (tree bark), turning it with the mouth 
(a) to pick up a hidden prey (white arrow) (b).
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Discussion
Neotropical communities of freshwater fish are characteristically rich 

in species and present complex interrelationships between its components 
(Lowe-McConnell 1987). Among these relationships, feeding strategies 
are known to involve morphological and behavioural specializations, 
such as cleaning, mimicry and social foraging associations and seem to 
involve several species of fish and invertebrates (see Sazima 1986 and 
Sabino et al. 2016 for overviews). However, the manoeuvering of object 
by freshwater fish (named as “object-shifting behaviour”) seems to be 
uncommon and is poorly documented in the literature.

Available records show that some North American species of the 
genus Percina (family Percinidae) use their conical snout to flip gravel 
and feed on exposed invertebrates that may be unavailable to other 
benthic fish (Rosenberger & Angermeier 2003). According to Burkhead 
(1983) and Jenkins & Burkhead (1993), this behaviour seems to be 
associated with environments where the substrate is loosely embedded 
and should not be displayed by young individuals of Percina spp. 
(which live in shallower areas, over sandy substrate). Other records 
describe the “object-shifting behaviour” for cichlids in Central America 
(Wisenden et al. 1995 and references therein) and for the coal grunter, 
Hephaestus carbo (Ogilby & McCulloch, 1916) (Terapontidae), in 
northern Queensland, Australia (Ebner et al. 2018).

In the first case, the cichlids Amatitlania nigrofasciata (Günther, 
1867), Cribroheros alfari (Meek, 1907) and Cryptoheros panamensis 
(Meek & Hildebrand, 1913) were considered as occasional users of 
two foraging tactics, “fin digging” and “leaf lifting”, in an attempt to 
increase the availability of food for their fry (Wisenden et al. 1995). 
Sometimes non-breeding individuals of these species occasionally fin 
dig and leaf lift while foraging for themselves, but both acts appear 
to be performed more often by breeding pairs, especially when their 
young are free-swimming fry (Wisenden et al. 1995). In the second 
case, small (< 5 cm TL) to medium-sized individuals (5-15 cm TL) of 
H. carbo were observed using the mouth, snout and even the nape to 
lift, flip and roll benthic objects to feed on benthic macroinvertebrates 
(Ebner et al. 2018). Larger individuals (15-20 cm TL) of H. carbo were 
not observed performing “object-shifting behaviour”, which may reflect 
the ontogenetic changes in the diet of the species, from the ingestion 
of benthic macroinvertebrates by juveniles to crustaceans, fishes and 
insects caught in the surface by adults, and/or be related to an effect of 
data collection (e.g., observer effect) (Ebner et al. 2018).

For G. brasiliensis, even though it has been described as an 
omnivore which consumes a wide range of food items, an analysis 
of the trophic interactions between the species and the community 
of benthic macroinvertebrates showed an important contribution of 
Chironomidae larvae (Diptera) in its diet when compared to other items, 
especially to debris (Nunes et al. 2014). These findings also suggested 
that the ingestion of debris and organic matter by G. brasiliensis seems 
to be more related to the selection of macroinvertebrates present in the 
substrate than to the intentional consumption of this type of item as cited 
by several studies (Nunes et al. 2014). Our observations of “object-shift 
behaviour” for G. brasiliensis agree with these findings and can help 
explain the high selectivity of macroinvertebrates (presumably insect 
larvae such as Chironomidae) by the species.

The non-observation of “shift picking” among individuals of smaller 
size (< 8 cm TL) may reflect ontogenetic changes in the diet and habitat 
utilization of G. brasiliensis. In the study area, individuals of smaller 
size preferentially inhabit shallower areas (0.5-0.8 m depth) with 
predominantly sandy and muddy bottoms, while medium and large-sized 
individuals (8-25 cm TL) prefer the deeper areas (0.8 to 2.5 m depth) 
where the foliage covers the bottom (G. R. S. Souza pers. obs.). Thus, 
the accumulation of allochthonous material allows the concentration of 
detritivorous invertebrates and may help predict the adoption of “shift 
picking” by G. brasiliensis in coastal streams. The description of this 
new foraging tactic highlights the importance of naturalistic studies for 
a better understanding of the way of life of fish in nature and reinforces 
the importance of the connection between fish and riparian forests in 
tropical environments. The “object-shifting behaviour” is still rarely 
reported in the literature for fish and the present description seems to 
be the first record for a freshwater species in South America.

Supplementary Material

The following online material is available for this article:
Video
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