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Abstract

Studies of the dispersal modes of plants aid our understanding of the dynamics of resource and its availability for
dispersal agents. The present work sought to characterize the fruiting patterns of the native Caatinga (dryland) cactus
Cereus jamacaru, identify its principal dispersers, and evaluate the effects of seed passage through digestive tract of
dispersers on its germination. Cereus jamacaru present an annual fruiting pattern and fruiting peaks occurred during
June/2009 and February/2010. A total of 135 visits by nine species of resident Caatinga bird species were recorded.
The most frequent visiting bird species were Paroaria dominicana and Euphonia chlorotica. Length of bird visits varied
from 15 seconds to 4 minutes and seeds removed by birds travelled 10.6 + 11.2 m until dispersers make the first landing
perch, in some cases more than 40 meters away. Germination tests show birds had a high quantity of viable seeds of
C. jamacaru in its feces. Seeds that passed through the digestive tract of birds showed a similar germinability of the
seeds of the control group. However, the seeds dispersed by birds showed lowest mean germination time related to
the control group seeds. This study highlights the potential role of birds as seed dispersers of C. jamacaru, swallowing
the whole seeds and defecating intact seeds, accelerating the germination process and transporting seeds away from
the mother plant.
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Frugivoria e dispersao de sementes por aves em Cereus jamacaru DC. ssp.
jamacaru (Cactaceae) na Caatinga, uma floresta seca no Nordeste do Brasil

Resumo

Estudos do modo de dispersdo das espécies vegetais permitem o entendimento da dindmica dos recursos e sua
disponibilidade para os dispersores. O objetivo deste trabalho foi caracterizar o padrao de frutificagdo de Cereus
Jjamacaru, uma espécie nativa da Caatinga, identificar os seus principais dispersores ¢ avaliar o efeito da passagem das
sementes pelo trato digestivo destes animais sobre sua germinagao. Cereus jamacaru apresentou um padrdo de frutificagdo
anual, com pico de frutificacdo nos meses de Junho/2009 e Fevereiro/2010. No total foram registradas 135 visitas de
nove espécies de aves frugivoras da Caatinga, sendo os dispersores mais frequentes Paroaria dominicana e Euphonia
chlorotica. O tempo de duragdo das visitas foi curto, variando de 15 segundos a 4 minutos, e a distdncia média dos
voos pos-alimentagao foi 10,6 + 11,2 m da planta-mae, podendo também alcangar distancias superiores a 40 metros.
Os resultados dos testes de germinagdo mostraram que as aves apresentam uma alta quantidade de sementes viaveis
de C. jamacaru em suas fezes. As sementes que passaram pelo trato digestivo das aves mostraram germinabilidade
semelhante aquelas do grupo controle. No entanto, as sementes dispersadas pelas aves apresentaram um menor tempo
médio necessario para germinacgao. Esse estudo destaca o papel das aves como potenciais dispersores de C. jamacaru,
eliminando sementes intactas, acelerando o processo de germinacdo e carregando as sementes para longe da planta mae.

Palavras-chave: frugivoros, germinagao, fenologia, ornitocoria.
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1. Introduction

Seed dispersal is an important stage in the reproductive
cycle of most plants (Wenny and Levey, 1998). Seed
dispersal by frugivorous animals constitutes a symbiotic
process in which plant diaspores are dispersed usually
in exchange for nutritional rewards in the form of fleshy
pericarps (Van der Pijl, 1982; Coates-Estrada and Estrada,
1988). This type of plant-animal mutualism represents a
much more complex relationship than a simple exchange of
advantages and is influenced by many factors (Howe and
Smallwood, 1982), including environmental conditions,
fruiting phenology, and the efficiency of the dispersal agent.

Dispersal success depends directly on the feeding
behavior of the frugivore, fruit processing, and post-
feeding movements (Jordano and Schupp, 2000). Seed
disperser birds have many distinct characteristics that
influence their dispersal efficiency, including variations
in their behavioral patterns and seed retention times, their
digestive processes, and mode which seeds are subsequently
deposited in the environment; all of these factors will
influence the reproductive success of plants (Herrera and
Jordano, 1981; Moermond and Denslow, 1985).

Studies on frugivory have been carried out in a variety
of environments, most of these being humid forests.
However, the arid and semiarid ecosystems of the world
have received little attention (Jordano, 1992). Semiarid
ecosystems in the Neotropics have a great variety of columnar
cacti that produce a large biomass of fleshy fruits that
produce a large biomass of fleshy fruits with a high sugar
content and water (Sosa, 1991). In the northeast semiarid
of Brazil, Cactaceae represents a widely distributed family
in Caatinga (Taylor and Zappi, 2004), being one of the top
four species-rich plant families in the ecosystem (Rodal
and Sampaio, 2002). Many species of Cactaceae show
reproductive activities not directly dependent on rainfall
patterns (Petit, 2001), offering resources to pollinators
and dispersers independent of the precipitation — being
considered key-species that can sustain the frugivorous
vertebrate community during periods of extreme scarcity
of other food resources (Terborgh, 1986).

Fruits of Cactaceae are generally fleshy with a great
number of seeds embedded in a structure that is denominated
funicular pulp (Taylor and Zappi, 2004). These fruits
constitute an important resource for different groups of
animals, such as birds, insects, reptiles, and mammals,
that can manipulate and/or ingest seeds and transport them
without damages, therefore contributing to its germination
in sites distant from the mother plant (Silva, 1988; Leon
de la Luz and Dominguez, 1991; Silvius, 1995; Soriano
et al., 1999; Ruiz et al., 2000; Godinez-Alvarez et al.,
2002; Naranjo et al., 2003; Carlos Rengifo et al., 2007).

Cereus jamacaru DC. is a native Caatinga Cactaceae
species well-adapted to the semiarid conditions of northeastern
Brazil and is generally common throughout that region
(Freire, 2009). Relatively few studies have focused on
this taxon in spite of its importance to the ecology of the
Caatinga region, addressing issues related to reproductive
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phenology, secondary dispersal and seed germination
(Quirino, 2006; Andrade et al., 2006; Leal et al., 2007,
Meiado et al., 2010). C. jamacaru demonstrates annual
flowering and fruiting related to seasonal rainfall, with a
zoochorous dispersal syndrome (Quirino, 2006; Leal et
al., 2007). Although fruits have zoochorous characteristics,
which animal species are responsible for this species seed
dispersal remains to be verified. What is the effect of
seeds passage through the digestive tract of dispersers?
The present study was designed to answer these questions
and characterize the fruiting pattern of Cereus jamacaru.
Also, we aimed to identify the principal fruit consumers
and examine their potential as seed dispersers.

2. Material and Methods

2.1. Study area

The present study was undertaken at a private natural
reserve (PNR) at Fazenda Almas (7° 28’ 15” S and 36° 52°
517 W), which has an area of 3.505 hectares and is located
largely in the municipality of Sdo José dos Cordeiros, with
a small section in the municipality of Sumé, in Paraiba
state (PB), Brazil. The reserve is localized in the Cariri
Paraibano region, region with the lowest rainfall levels
in the Caatinga zone of PB. Climate of the region is
characterized by extreme conditions such as high radiation,
low relative humidity and cloudiness, and high average
annual temperature, varying from 26 to 33 °C (Prado,
2003). Annual average precipitation levels are less than
600 mm and quite irregular; regional climate is classified
as ‘warm semiarid’ (Bsh) with summer rains, according to
the Képpen system (Koppen, 1948). The PNR is dominated
by both dense and open arboreal habitats of Caatinga
vegetation, with other specific open habitats such as rock
outcrops (“lajedos”) with their distinctive floras, and small
sandy areas (“campestres”) scattered among the arboreal
formations (Barbosa et al., 2007).

2.2. Study species

Cereus jamacaru DC. ssp. jamacaru (Cactaceae) is a
widely distributed species, both in natural and anthropic
areas (Anderson, 2001). This species is a columnar
cactus locally known as ‘mandacaru’ that belongs to the
tribe Cereeae which comprises approximately 35 species
(Anderson, 2001), used as forage, as an ornamental plant,
and in popular medicine (Andrade et al., 2006). Cereus
Jjamacaru plants are treelike plants with distinct trunks of
up to 60 cm in diameter and many erect branches, forming
dense crowns with up to 10 m height. The flowers are
solitary, nocturnal and white; its pollination syndromes
apparently involve sphingophily and chiropterophily
(Quirino, 2006). The fruits are ellipsoidal, with 5-12 cm
in length, and 7-12 cm in diameter, with red epicarp,
white pulp (Anderson, 2001), and black seeds, which are
secondarily dispersed by ants (Leal et al., 2007). Cereus
Jjamacaru is classified as a positive photoblastic species
and optimum temperature for seed germination is 30 °C
according to Meiado et al. (2010).
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2.3. Methodology

We carried out monthly phenological monitoring in
fifteen individuals of C. jamacaru from March/2009 to
August/2010, through direct count of fruits produced by
each individual that grow next to pre-existing trails (and
separated from one another by at least 30 m). Fruits were
grouped into three fruiting phases: unripe, ripe and dispersed
(according to Soriano et al., 1999). The phenological
patterns were identified following the classification system
proposed by Newstrom et al. (1994). The Synchrony
Index was calculated according to Augspurger (1982) to
determine the synchronicity level of fruiting in this species.

The morphological characteristics of C. jamacaru fruits
such as fruits and seeds sizes, weight, pulp consistency,
fruit type, and degrees of dehiscence were analyzed in the
Laboratorio de Ecologia Vegetal at Universidade Federal
da Paraiba - UFPB. Measures of ripe fruits and seeds sizes
(diameter and length) were made with digital caliper, and
weight of seeds and fruits were accessed with a precision
scale. Only a single ripe fruit from each sampled plant
individual was used to calculate measurements means
and standard deviations.

During months of fruiting peak, observations of seed
dispersers were made on nonconsecutive days, from
05:00 to 17:00 h through focal observations (aided by
binoculars) of individual bearing ripe fruits, totaling 148 h
of observation. It was also realized observations during
the night period (N= 24h) and in rainy days (N= 24h). All
focal observations were made at a distance of about 8 m of
the focal plant and were complemented by photographic
records of frugivores to help species identification. This
distance was chosen to avoid any influence in the behavior
of birds during visits.

During each visit we recorded bird species and number
of visitors, and the exact time and duration of each visit.
Visiting frequencies of each bird species were calculated
according to Gondim (2001) and Pascotto (2006), dividing
the total number of visits by a given species by the total
number of hours of observations. We also recorded post-
feeding flight distances of birds departing of focal plants until
the first landing (perch) as an estimate of dispersal distance
(Jordano and Schupp, 2000), in which we used intervals
of distance (0-1.9; 2-4.9; 5-9.9; 10-19.9; 20-39.9; > 40 m).
Although birds could not be followed to greater distances
due to visual obstruction by the vegetation, seed retention
time in the gut probably allows longer dispersal distances
(Christianini and Oliveira, 2010).

The consumption of pulp was defined as: picking (P),
reaching (R), hanging (Ha), and in-flight (F), according
to Moermond and Denslow (1985). Classifications of
bird species according to their diet follows Motta-Junior
(1990), Sick (1997), and Santos (2004). Classification and
taxonomic nomenclature of species follows CBRO (2011).

We investigated experimentally the effect of seeds
passage through the digestive tract of birds. The experiment
was composed of two treatments: (i) seeds of the control
group (N= 200 seeds) and, (ii) seeds dispersed by birds
(N=202 seeds). The seeds of the control group were directly
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removed from fruits of five different plants, washed and
placed in Petri dishes, so that each Petri dish had seeds
of five plants. Aiming to capture the dispersers, in order
to obtain dispersed seeds were used mist nets installed
next to fruiting individuals of C. jamacaru. The mist
nets were installed in the fruiting peak of C. jamacaru,
from 05:00 to 17:00 h, totaling 8 days with 96 hours of
effort. Captured birds were kept in cotton holding bags for
10-20 min prior to release and any feces produced were
collected. Seeds found in the feces were washed, counted
and identified using a stereo microscope and compared to
a seed reference collection.

For each treatment, seeds were placed on Petri dishes
covered with two layers of filter paper moistened with
distilled water, which remained in germination chambers
under optimal conditions for the study species (30 °C and
12 h photoperiodo) according to Meiado et al. (2010). There
were eight dishes per treatment, using 25 seeds in each
Petri dish. Dishes were sealed with transparent masking
tape. No solution was added into the Petri dishes during
the assessment period. Radicle protrusion was considered
to be the criteria for germinated seeds, and was assessed
daily over a 30-day period.

Germination was defined as the time when the radicle
tip emerged > 1 mm from the seeds coat. For each seed
germination treatment, we calculated germinability (%)
and mean germination time (¢ = Y ni.ti/y ni), where #i is the
period from the start of the experiment to the i/ observation
(day) and ni is the number of seeds germinated in the time ,
according to Ranal and Santana (2000).

2.4. Statistical analysis

Spearman’s rank correlations were calculated between
the monthly values of fruiting and rainfall and temperatures
during the study year. The climate data of temperature and
rainfall were obtained by Agéncia Executiva de Gestao
das Aguas do Estado da Paraiba — AESA, and collected at
Estagdo de Sao José dos Cordeiros, the municipality where
is located the study site. The Spearman coefficient was also
used to determine the relationship between the numbers
of visits and the quantities of mature fruits. Differences in
germination parameters among treatments were tested for
statistical significance using a Student t test. All statistical
analyses were carried out using the program Statistica
10.0 (p< 0.05) (StatSoft, 2010).

3. Results

A total of 200 fruits were produced by fifteen C. jamacaru
individual during the field work, with 85% (N= 171)
being unripe and 15% (N=29) ripe. The months of peak
fruiting occurred during June/2009 and February/2010
(Figure 1). Fruiting peak was considered when most
of the cactus plants produced the greatest number of
ripe fruits. The Augspurger Synchrony Index was 0.79,
indicating the predominance of simultaneous offerings
of fruits C. jamacaru individuals for frugivorous birds.
Cereus jamacaru present an annual fruiting pattern (sensu
Newstrom et al., 1994), producing fruits during the period
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of greatest rainfall (Figure 1), this fruiting demonstrated a
positive correlation with precipitation (rs= 0.59; p< 0.05);
however, no significant correlation was noted between
fruiting and temperature (rs= 0.35; p< 0.05).

Fruits are fleshy and dehiscent, with 69.64 + 5.45
x 49.62 + 3.24 mm, having on average 383 + 24 black
seeds that measured 2.77 + 0.8 x 1.98 + 0.6 mm, and
which are immersed in an aqueous white pulp. The fruit
of C. jamacaru require approximately 20 days to mature,
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During this period the white pulp can be partially or
totally removed by birds from each individual fruit. Fruit
dehiscence occurred mostly between 07:00 and 11:00,
coinciding with the hours of greatest visiting frequency
and greatest diversity of bird species consuming the fruits
(Figure 2). The intensity of visits was reduced during the
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Figure 1. Production of unripe and ripe fruits by Cereus jamacaru DC. ssp. jamacaru from March/2009 to August/2010
at the PNR Fazenda Almas — Paraiba state, Brazil. The climate data of temperature and rainfall were obtained by Agéncia
Executiva de Gestdo das Aguas do Estado da Paraiba — AESA, and collected at Estagdo de Sdo José dos Cordeiros.
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Figure 2. Visitation frequency of seeds dispersers of Cereus jamacaru DC. ssp. jamacaru during the whole day at the PNR

Fazenda Almas — Paraiba state, Brazil.
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number of visits and the quantities of exposed fruits was
positive (rs= 0.69; p< 0.05), what implies that a larger
number of fruits ready to be dispersed can attract a greater
number of frugivores.

A total of 135 visits involving nine species of resident
birds were recorded along 148 h of focal observations
(Table 1). During these visits, more than one fruit on the
same individual could be visited by the same frugivore,
such that a larger number of mature fruits on any given
cactus individual would result in a greater number of visits
to that plant. No visits to any of the fruits were observed
during rainy days or at night.

The birds stayed in the cactus fruits according to the
quantity of available pulp. The average time required to
remove all fruit pulp was approximately 4 hours (after
initial exposition), although this was, of course, dependent
on the visitation frequency. Length of bird visits varied
from 15 seconds to 4 min (Table 1). The most frequent
visiting bird species were Paroaria dominicana and
Euphonia chlorotica, representing 49% and 16% of the
total numbers of visitors respectively.

Most birds swallowed intact seeds and were observed
utilizing “picking” as foraging behavior of pulp. The large
size of C. jamacaru fruits make them great as a landing
platform for birds. Thereby, frugivorous could support

themselves on the fruit structure, inclining their bodies
forward and downwards, removing the succulent pulp
using their beaks, and swallow it together with the seeds.
The species Lanio pileatus and Machetornis rixosa only
consumed fruits that had fallen to the ground. On various
occasions (N= 28 records) birds were observed visiting
C. jamacaru individuals and carrying away pulp in their
beaks, presumably to feed their offsprings.

Seeds removed by birds travelled 10.6 = 11.2 m
(N= 102 records) until dispersers make the first landing
perch. We observed that seeds were discarded in all intervals
of distances. The categories with the greatest proportions
of seeds discarded were 5-9.9; 10-19.9 with 35% and 40%,
respectively. Lanio pileatus and Icterus jamacaii were the
species responsible for the longer dispersal distance, 28 m
and > 40 m, respectively. When visiting the fruits, the birds
knocked down part of the pulp containing seeds beneath
the parent plant (N = 16 records), making it available for
secondary dispersers (lizards and ants).

Five out of nine species of birds that were observed
eating fruits of C. jamacaru were captured in mist nets.
It was collected a total of 202 seeds in their feces. The
species that were captured were P. dominicana (N= 86
seeds; four captures), E. chlorotica (N= 41 seeds; three
captures), I. jamacaii (N= 29 seeds; three captures), Coereba

Table 1. Bird species observed visiting Cereus jamacaru DC. ssp. jamacaru. Data represents 148 h of observations. All bird
species were Caatinga residents and show “picking” as their consumption tactic of pulp. Bird classifications and taxonomic
nomenclature follow CBRO (2011) and diet is assigned according to Motta-Junior (1990), Sick (1997), and Santos (2004).

. . Number Average duration __. Visitation Average dispersal

Family/Species of visits of gisits (a) Diet (b) frequency (visits/h) dis%ance I()c)
Picidae 3 120 £+ 30 INS 0.02 14+5
Veniliornis passerinus
Reichenbach 1845
Furnariidae 5 35+ 12 INS 0.03 12+ 8
Pseudoseisura cristata
Spix 1824
Tyrannidae 5 22410 INS 0.03 19+4
Machetornis rixosa
Vieillot 1819
Mimidae 10 18+£5 OMN 0.06 15+£6
Mimus saturninus
Lichtenstein 1823
Coerebidae 10 20+ 8 OMN 0.06 18+3
Coereba flaveola
Linnaeus 1758
Thraupidae 8 30£5 GRA 0.05 24+ 6
Lanio pileatus Wied 1821
Paroaria dominicana 62 210+ 20 GRA 0.41 18+4
Linnaeus 1758
Icteridae 4 45+ 8 FRU 0.02 25+8
Icterus jamacaii Gmelin 1788
Fringillidae 28 180+ 6 OMN 0.18 12+9

Euphonia chlorotica
Linnaeus 1766

(a) Average duration of the visits, in seconds (average + standard deviation); (b) FRU= frugivorous, INS= insectivorous,
OMN= omnivorous, GRA= granivorous; (c) Average dispersal distance, in meters (average + standard deviation).
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flaveola (N= 28 seeds; two captures), L. pileatus (N= 18
seeds; one capture).

Germination tests show that the birds had a high
quantity of viable seeds. Approximately 87% (N= 175 seeds)
found in feces germinate under optimal conditions. No
significant difference was found among the germinability
of seeds of the control group and those defecated by birds
(t=1.45; p=0.16). However, the seeds dispersed by birds
showed lowest mean germination time (4 + 1 days) related
to the control group (6 + 2), with significant differences
(p=0.0002), which accelerated the germination process.

4. Discussion

C. jamacaru fruits present characteristics indicating
ornithochory as their dispersion syndrome (as is common
by cactus species) (Silva, 1988; Leon de la Luz and
Dominguez, 1991; Silvius, 1995; Soriano et al., 1999;
Ruiz et al., 2000; Godinez-Alvarez et al., 2002; Naranjo
et al., 2003; Carlos Rengifo et al., 2007) and represent an
important food resource for the avifauna. Due the high
fruit production of these plants and elevated sinchronicity,
a high proportion of fruits are available daily during the
ripening period, and the high synchrony limit the supply of
the resource to a short period of time. These features, found
in C. jamacaru, presumably influenced the enhancement
in fruit consumption by several birds species in this highly
seasonal ecosystem.

In this study, we recorded nine species of birds that
use the C. jamacaru fruits as food resource. Compared
with the available lists of birds associated with columnar
cacti in other Neotropical arid ecosystem (Silvius, 1995;
Leodn de la Luz and Dominguez, 1991; Soriano et al.,
1999; Ruiz et al., 2000; Godinez-Alvarez et al., 2002;
Naranjo et al., 2003; Carlos Rengifo et al., 2007), the
Caatinga showed a bird community with the same richness.
Likewise, compared with the results found in Atlantic
Rainforest by Silva (1988), the list of frugivorous birds
associated with C. jamacaru fruits, also showed similar
species composition, visitor behavior and temporal pattern
of visits. The period of greatest activity for most birds and
the greatest dehiscence of Cereus spp. fruits occur in the
morning hours demonstrating close similarities between the
dispersers that feed by cactus species of the same genus.

Araujo (2009) in an earlier study of bird reproduction
in the same study site indicated that the reproductive
activities of the local bird communities are positive and
highly significant correlated with rainfall, as was also
observed with fruiting pattern of C. jamacaru. The two avian
activities that require the greatest energy expenditures are
reproduction and molting. In this period, birds supplement
their diet with other sources available (Davis, 1945; Poulin
etal., 1992). Most cactus fruits are water and carbohidrate
rich, and low in protein and lipids, thus, consumers would
probably need to ingest either a large volume of fruit or
else suplement their diet with arthropods and other plant
parts to meet their nutritional requirements (Silva, 1988;
Velez Boza and Velez, 1990).

Braz. J. Biol., 2014, vol. 74, no. 1, p. 32-40

Babhia et al. (2010) evaluated chemical characteristics
of C. jamacaru, and identified in the fruit pulp a high
lipid content (12.43%), high sugar content (10.42%) and
water. The high value of lipid is associated mainly in
the seed which were not removed of pulp for analysis.
Araujo (2009) identified Cactaceae as having the greatest
number of species providing energetic resources for birds
in an area of Caatinga vegetation. Araujo (2009) found
Cactaceae seeds (C. jamacaru and Pilosocereus spp.) in
the feces and stomach contents of L. pileatus, together
with large quantities of insects. Further studies should be
performed aiming to assess the lipid profile of the fruit,
since the reserves of the endosperm of the seeds can be
consumed by birds, especially granivorous.

The species 1. jamacaii, Veniliornis passerinus,
Pseudoseisura cristata and M. rixosa, reported here, are
new dispersal agents for the family Cactaceae. P. dominicana,
L. pileatus, M. saturninus, E. chlorotica, and C. flaveola
were previously characterized as dispersers of Cactaceae
(Silva, 1988; Silvius, 1995; Soriano et al., 1999; Ruiz et al.,
2000; Godinez-Alvarez et al., 2002; Naranjo et al., 2003;
Carlos Rengifo et al., 2007). Our observations indicated
that P dominicana and E. chlorotica were among the
most frequent visitors to C. jamacaru and act as potential
dispersers, swallowing the whole seeds and defecating
intact seeds. All bird species ingested fruit pulp and left
the cactus soon after the consumption. Moreover, most of
these species ate the pulp in short visits, which reduces the
probability of seed defecation or regurgitation under the
mother plant (Coates-Estrada and Estrada, 1988).

Examining the removal of fruits and/or seeds by
ornithochoric species, dispersal studies should also consider
the distances in which the seeds are discarded (Howe and
Vande Kerckhove, 1981; Wheelwright, 1991). Differences
in habitat use and home ranges may influence the places
and distances where plant diaspores may be deposited by
birds dispersers (Jordano and Schupp, 2000). Birds that
delivered diaspores to distances over 40 m were effective
in removing C. jamacaru seeds from near the mother
plant, providing the colonization of new sites by species.
This effect should be even more pronounced, since gut
retention time of diaspores may be much longer than the
flight duration to the first perch, enabling birds to carry
seeds to longer distances (Christianini and Oliveira, 2010).
In some instances, pieces of pulp were dropped under the
mother plant, becoming available to ants and lizards. We
observed the ant species Dinoponera quadriceps Kempf,
1971 (Ponerinae) removing pulp seeds under the mother
plant. This fact corroborates with the results of Leal et al.
(2007) that found C. jamacaru seeds being secondarily
dispersed by ants. The ants may rescue fallen seeds and
provide another chance of dispersal and establishment
(Christianini and Oliveira, 2010). These interactions are
very important within the dynamics of this cactus species
and can directly affect its reproductive success.

The morphological characters of the fruits, such as
fleshy red fruits, a succulent white pericarp, and small
seeds, favors their consumption by birds and bats. Although
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we have not observed any dispersers visit at night, there
is the possibility that small marks left distributed around
the fruits have been made by bats, because, we observed
the bat species Artibeus lituratus Olfers, 1818 (Chiroptera,
Phyllostomidae) visiting Pilosocereus chrysostele (Vaupel)
Byles & G. D. Rowley and Pilosocereus gounellei (F. A. C.
Weber) Byles & Rowley subsp. gounellei (Cactaceae) in
the same study site (Gomes, unpubl. data). However, the
fact that these marks have been produced by the nails of
birds that eat fruit cannot also be discarded.

Seeds dispersed by birds are viable and germinate faster
than control group. This indicates that the birds are legitimate
dispersers, and that the consumption of C. jamacaru fruits
by the birds is beneficial for the dispersal of the seeds. Our
results are in agreement with those of Ledn de la Luz and
Dominguez (1991) and Naranjo et al. (2003), who found
that passage of cactus seeds through the digestive tracts
of certain birds accelerated the germination process. This
can be considered of key importance in semi-arid areas
where water is a limiting ecological factor. A decrease in
the minimum imbibition time of the seeds should increase
the probability of germination in dry forests, likewise,
elimination of pulp reduces the risk of depredation and
fungal attacks (Naranjo et al., 2003).

Lobova et al. (2003) argue that the seeds that passes
through the digestive tract of animals lose the pericarp,
that in the soil, serves of substract to fungi and bacteria,
in the case of C. jamacaru the funicular pulp (Taylor
and Zappi, 2004). In this way we can say that one of
the benefits of consumption of fruit by the frugivorous
birds is the elimination of intact seeds, and probability of
establishment in the soil.

It is possible that other species of frugivorous birds
observed consuming fruit, also act as C. jamacaru dispersers.
Although we have not been able to capture them with
mist nets to evaluate the effects of seed passage through
digestive tract, we believe that these birds are also important
as dispersers, either to the consumption of funicular pulp,
either mobility associated to the seed, without cause any
damaging to them, since the seeds are very small, with the
average of 3 mm, which facilitates the passage through
the digestive tract of birds. The small size of cactus seed
may reduce the possibility that birds act as seed predators.

Besides the potential role of the birds as seed dispersers
transporting seeds to long distance and maintaining the
high capacity of germination of these seeds and the high
seed production per fruit should favor the occurrence
and the wide distribution of the C. jamacaru in the study
site, if recruitment rates are proportional to the rates of
consumption of fruits. P. dominicana and M. saturninus
are common in open Caatinga environments, while
others, such as L. pileatus and E. chlorotica, are found in
both open and dense Caatinga vegetation stands, where
C. jamacaru individuals are often abundant (Araujo,
2009). Because Caatinga vegetation and fauna is highly
threatened throughout northeastern Brazil (Albuquerque et
al., 2012) is important conservation and/ or management
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of this Cactaceae that serves as resource for resident birds
in this ecosystem.

Dispersal system involving birds as dispersers, may
also occur in other cacti in other Caatinga areas, pointing
out the need for further studies on the reproductive ecology
of cacti. In addition to elucidate aspects of the dispersal
strategy of C. jamacaru, our results: 1) motivated other about
the processes that gave rise such relations with disperser
species, as for example: what gave rise to the opening
of C. jamacaru fruits during the period of greatest avian
activity? 2) identify a number of ecological requirements
of the cactus as well as the avifauna that can be used in
developing conservation strategies. Furthermore, in our
study, the deposition site and consequent plant recruitment
was not evaluated. However, it is still not clear which birds
deposit seeds in the most appropriate sites for germination
and subsequent growth. So, we suggest that this aspects
should be investigated. The findings of the present study
serve as a starting point for future studies assessing the
ecological implications of the dispersal processes that
influence functioning of this ecosystem.
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