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Abstract

Endozoochory (dispersion with passage through the digestive system of animals) is one of the most important processes. It is 
included in the ecological process known as dispersive mutualism, benefit the species involved. The most used method to evaluate 
the physiological quality of seeds is carried out based on the traditional germination test. However, electrical conductivity tests 
with seeds of forest species are still scarce, especially those developed with the individual method, which provide greater fidelity to 
the results so that through this one can define the test by the mass methods. The current work aimed to investigate the vigor, from 
the electrical conductivity of the seeds of Tournefortia paniculata Cham. after passage through the digestive tract of a ruby-crowned 
tanager Tachyphonus coronatus (Vieillot, 1822). An expedition was conducted in a fragmented area of Atlantic Forest in process of 
reforestation in the campus of the IFRJ. After the capture of the passerine with mist nets, proceeded the identification of seeds 
shed in its feces. The experimental design was completely randomized with one treatments with five replicates. The results allowed 
concluded that the seed of the T. paniculata Cham. after digestive tract of the ruby-crowned tanager presented high electrical 
conductivity in three of its replicates at the individual level.
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Resumo

Endozoocoria (dispersão com passagem pelo sistema digestivo de animais) é um dos processos mais importantes. Está incluído 
no processo ecológico conhecido como mutualismo dispersivo, beneficiando as espécies envolvidas. O método mais utilizado 
para avaliar a qualidade fisiológica das sementes é realizado com base no tradicional teste de germinação. Entretanto, os testes de 
condutividade elétrica com sementes de espécies florestais ainda são escassos, especialmente aqueles desenvolvidos com o método 
individual, que proporcionam maior fidelidade aos resultados para que, através deste, seja possível definir o teste pelos métodos 
de massa. O presente trabalho teve como objetivo investigar o vigor, a partir da condutividade elétrica das sementes de Tournefortia 
paniculata Cham. após passagem pelo trato digestório de um tiê-preto Tachyphonus coronatus (Vieillot, 1822). Uma expedição foi 
realizada em uma área fragmentada da Mata Atlântica em processo de reflorestamento no campus do IFRJ. Após a captura da 
ave com redes de neblina, procedeu-se à identificação das sementes eliminadas em suas fezes. O delineamento experimental 
foi inteiramente casualizado com um tratamento com cinco repetições. Os resultados permitiram concluir que a semente de T. 
paniculata após trato digestivo do tiê-preto apresentou alta condutividade elétrica em três de suas réplicas no nível individual.
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1 Introduction

The process of reforestation can happen through the 
production of seedlings and, through seed dispersal, this 
can occur due to the action of the plant itself (autochory), 
water (hydrochory), wind (anemochory), animals (zoo-
chory), etc. However, special attention should be given 
to the action of the birds, given their ample capacity of 
migration between the different environments. However 
there are few studies that relate the effect of zoochory, 
mainly ornithochory on the physiological quality of seeds 
(REIS, 2003; DARIO, 2004). 

It is known that seed dispersal can be an important 
regulatory factor, promoting the coexistence of species in 
a complex ecosystem (JÁNOSI; SCHEURING, 1997), and 
this process depends on several aspects, such as behavior, 
physiology and other characteristics of the interaction 
between animals and plants, such as retention time, 
number of seeds released and the frequency at which 
they are distributed (BARNEA et al., 1992).

The dispersing animals act at different levels of the 
process and at different spatio-temporal scales. The 
primary dispersers are those that take the seeds directly 
from the fruits and have great influence on the initial 
pattern of seed rain (WANG; SMITH, 2002). 

Endozoochory (dispersion with passage through the 
digestive system of animals) is one of the most important 
processes (75% occurrence). It is included in the ecolo-
gical process known as dispersive mutualism, benefit 
the species involved. In this, the animals extract from 
the fruits the necessary nutrients to their diet and the 
vegetables have their material dispersed and deposited 
at great distances from the mother plant (VAN DER PIJL 
1972; KUNZ, 1982; FENNER, 1985). The Birds are among 
the most important seed dispersers, not only because of 
their abundance, but also because of the frequency with 
which they feed on fruits and the great capacity to move 
and occupy different environments (JORDANO, 2006; 
BOCCHESE et al., 2008). They are still important for 
the maintenance of forests and the recovery of areas that 
suffered anthropic actions (GALINDO-GONZÁLEZ et 
al., 2000; GARCIA et al., 2000; MANHÃES et al., 2003).

The most used method to evaluate the physiological 
quality of seeds is carried out based on the traditional 
germination test (PASSOS et al., 2008; BOCCHESE et al., 
2008). However, such testing for seed of forest species may 
take weeks or even months to complete the results. Thus, 
the development and improvement of the methodology 
for rapid feasibility evaluation tests promises to make 
the production process more efficient and to aid decision 
making on seed lots. However, electrical conductivity 
tests with seeds of forest species are still scarce, espe-
cially those developed with the individual method, which 
provide greater fidelity to the results so that through this 
one can define the test by the mass methods. Stallbaun 
et al. (2015), using the individual electrical conductivity 
test with seeds of Anadenanthera falcate (Benth.) Speg. 
concluded that the applied method was compatible with 
the standard germination test. The current work aimed to 
investigate the vigor, from the electrical conductivity of 

the seeds of Tournefortia paniculata Cham., after passage 
through the digestive tract of a ruby-crowned tanager 
Tachyphonus coronatus (Vieillot, 1822).

2 Materials and Methods

An expedition was conducted in a fragmented area 
of Atlantic Forest in process of reforestation in the 
campus of the Instituto Federal de Educação, Ciência 
e Tecnologia do Rio de Janeiro (IFRJ) in the Municipal-
ity of Pinheiral, State of Rio de Janeiro (22º31’29.73”S; 
43º59’37.08”W). One ruby-crowned tanager T. coronatus 
was captured with mist nets. After identification of the 
species (SIGRIST, 2014), the bird was photographed and 
measured (total length, length, width and height of the 
beak, wing, tail and tarsi lengths) (NASCIMENTO et al., 
1994). The bird was kept in an individual box with clean 
ground paper until defecation. The seeds was taken from 
the fresh feces and identified according to the Manual of 
Identification and Cultivation of Native Arboreal Plants 
of Brazil (LORENZI, 2016). Seeds of T. paniculata was 
shed by the ruby-crowned tanager. After identification, 
asepsis was employed leaving the seeds in sodium hypo-
chlorite solution (2%) for 5 min and then washing under 
running water. In the field, drying was carried out with 
filter paper with a temperature of approximately 30-35 ºC 
for 30 min. For conduct the Electrical Conductivity (EC) 
test, the recommendations proposed by Krzyzanowski 
et al. (1999), Flavio and Paula (2010), Guollo et al. (2017) 
and Thode-Filho (2018) was followed with adaptations. 
The experimental design was completely randomized 
with one treatments with five replicates. The tests was 
performed by the individual method (by seed) for 24 hours. 
The seeds was placed in individual plastic containers 
containing 15 mL of distilled water. Additionally, the 
EC was evaluated in five soak periods: 3, 6, 9, 12 and 24 
hours. The parameters of the study was evaluated using 
a multiparameter probe AKSO Combo 5 and the results 
was expressed in μS cm-1.

The data was submitted to analysis of variance (ANO-
VA) and the means was compared by the Tukey test p 
≤ 0.05 of probability between the same ones (COSTA 
NETO, 1977; MILLER; MILLER, 1993).

3 Results and Discussion

The mean values of EC as a function of the different 
soak periods are shown in figure 1. Significant differenc-
es was observed in all the soak periods. It was verified 
that of the five replicates analyzed, only two presented 
EC low all the time. At the end of the soak time the EC 
of the two replicates was below 76µS cm-1.On the other 
hand, the other three replicates presented a considerable 
increase at the end of each period. At the end of 24 hours 
the EC presented a variation between 267 and 36576µS 
cm-1.Thus, of the five seeds analyzed, three was showed 
great permeability.

As the seed grows older and your bark is broken, its 
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deterioration occurs, consequently, the loss of the integrity 
of the cell membrane systems, causing an increase in its 
permeability, which results in leaching of electrolytes 
and higher electrical conductivity (OLIVEIRA, 2012).

Frugivorous birds after fruit consumption and after 
regurgitation or excretion of the seeds have been con-
sidered extremely important to favor seed germination 
and recovery of impacted fields (BARNEA et al., 1992; 
WENNY; LEVEY, 1998; YAGIHASHI et al., 1999). They 
act as pulp and seed separat agents, besides modifications 
in the external structure of the seeds as a consequence 
of their ingestion, such as: thermal action, chemical 
and mechanical. Also considered to be seed dormancy 
removers (IZHAKI; SAFRIEL, 1990; BARNEA et al.,1991; 
FIGUEROA; CASTRO, 2002).

The passage of some types of seeds through the digesti-
ve system allows a chemical scarification without damage 
to the seed, causing gás exchange with the enviroment 
and/or the elimination of germination inhibitors present, 
besides facilitating water penetration and reactivation of 
the metabólicos processes (TRAVESET; VERDÚ 2002).

In anatomical comparative study of digestive tracts 
of birds Santos et al. (2016) report that the digestive tube 
has, on average, 13.38% of the total length of the birds. 
Following this proportion, the ruby-crowned tanager of 
this study that measured the total length of 17.4 cm has 
a digestive tract estimated to be approximately 2.3 cm. 
This information becomes relevant considering that the 
retention time of the seeds is an important factor in the 
dispersion process. Small seeds are retained longer in the 
digestive tract of the disperser and can be carried away 
from the parent plant, although a very long retention 
decreases its viability (MURRAY et al., 1994). 

Barnea et al. (1992) have suggested that the removal 
of the outer layer of the seed (shell) occurs only in seeds 

that remain for longer in the animal’s digestive system, 
increasing the permeability and, consequently, the chan-
ces of germination in the environment. Birds have the 
ability to give different seed treatments, which depends 
partly on seed size, and when they are very small, this 
mechanism does not work. In addition, many studies 
show results in which the ingestion of seeds by birds 
interferes positively or negatively (BARNEA et al., 1991; 
CASTIGLIONI et al., 1995).

Thode-Filho et al. (2018) when study the feasibility 
of using the individual electrical conductivity test to 
evaluate the physiological quality of seeds of forest 
species, Ficus calyptroceras (Miq.) Miq.(Moraceae), Ficus 
enormis (Mart. ex Miq.) Mart., Ficus obtusiuscula (Miq.) 
Miq., Annona emarginata (Schltdl.) H. Rainer, Annona 
neosalicifolia H. Rainer and Xylopia brasiliensis Spreng., 
after passage through the digestive tract of wild birds. 
They identified low electrical conductivity at the indivi-
dual level in such a way that the seeds showed no loss of 
vigor. Still, accord to the authors, the birds only played 
the role of individual disperser, failing to cause injury 
or physical damage to the shell.

In the present study, seed shell rupture was obser-
ved from EC increase. It is understood that the passage 
through the tract of the bird acted as a facilitator of the 
germination process eliminating the physical interfe-
rences. It can be affirmed that the process of digestion 
of the food by the bird (digestive physiology) acted as a 
mechanism of dormancy breaking for the seed, facilitating 
the shell rupture, this is due to variations in pH (2.5 to 
6.8), the presence of organic acids and microorganisms 
throughout the entire digestive process (LONG, 1967; 
HULAN; BIRD, 1972; BIRD; MOREAU, 1978; DENBOW, 
2000; BELL, 2002). 

Figure 1 – Evaluation of the electrical conductivity in different times of seed soak of the Tournefortia paniculata Cham. 
Means followed by the same lowercase letter do not differ statistically from each other by Tukey test p ≤ 0.05 proba-
bility.
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4 Conclusions

The results allowed concluded that the seed of the T. 
paniculata after digestive tract of T. coronatus presented 
high electrical conductivity in three of its replicates at 
the individual level. Thus, it is evident that the seed vigor 
of present study underwent post-tract alteration of T. 
coronatus according the EC elevation. It is observed that 
the bird has a good potential of dispersion of the seeds, 
besides contribution with the germinative process and 
recovery of anthropic areas.
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