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ABSTRACT
There is a notable lack of  ecological information about South American cacti species and the existing information 
isn’t evenly distributed among life forms and geographic regions. Here, the population structure of  a globose 
cactus species (Melocactus violaceus) on a Brazilian restinga was described and the patterns presented were com-
pared with those reported to other Melocactus species. Cacti density observed on the study area was lower than 
that reported to other species of  the genus. No association between population density and habitat selection or 
average diameter was found, implying that denso-dependent factors are not important on this population. The 
population was dominated by young individuals and fitted a log-normal size distribution, which suggests that it 
was under constant germination and the establishment of  seedlings was not subject to unstable environmental 
conditions. Following a cohort of  M. violaceus through time would provide critical information on the population 
status of  this threatened species.
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INTRODUCTION

Cactaceae is a much diversified plant 
family, encompassing more than 1,400 species 
which are distributed mainly across American 
dry environments (Hunt et al. 2006). Its species 
present a diverse array of life forms and many 
studies concerning its morphology, physiology, 
and taxonomy were carried out, but there is a 
notable lack of ecological information about 
cacti species (Godínez-Álvarez et al. 2003), and 
the existing information is not evenly distributed 
among life forms and geographic regions. Little 
attention has been paid to globose cacti (Nassar & 
Ramírez 2004), and most of the studies have been 
carried out in North and Central America, with 
little information regarding the ecology of South 
American cacti (Godínez-Álvarez et al. 2003).

The lack of information is not different for 
species of the Melocactus genus, a morphologically 
homogeneous group of small globose cacti whose 
geographic range extends from western Mexico 
to south-eastern Brazil, encompassing Caribbean 
and Andean regions of Central and South America 
(Taylor 1991). Many species of the Melocactus 
genus are listed under IUCN red list (15 of 37 

species; IUCN 2012) and CITES appendices (34 
of 37 species; UNEP-WCMC 2013) largely due 
to a decline in its populations caused by illegal 
collecting and habitat destruction (Taylor 1991, 
2002). The taxonomy and morphology of the genus 
were studied in detail (Taylor 1991), but only 
recently studies in reproductive biology (Nassar 
& Ramírez 2004, Colaço et al. 2006, Nassar et 
al. 2007, Fonseca et al. 2008), seedling mortality 
(Hughes et al. 2011), population genetics (Nassar 
et al. 2001, Lambert et al. 2006a, 2006b), and 
seed dispersal (Figueira et al. 1994, Fonseca et al. 
2012) started to fill the knowledge gap regarding 
the ecology of this genus.

One species of Melocactus genus, M. 
violaceus, is distributed discontinuously throughout 
Brazilian eastern coast, occurring on sand plains 
from Rio Grande do Norte to Rio de Janeiro states, 
with disjunct populations established on campos 
rupestres in Minas Gerais and Bahia states (Taylor 
1991). M. violaceus is classified as a vulnerable 
species by IUCN red list due to habitat loss (Taylor 
2002), as the Brazilian sandy plains are under 
enormous anthropic pressure due real estate and 
touristic activities (Rocha et al. 2003). Similar 
to other species of the genus, there is almost no 
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information available on this species and the 
single paper published about its ecology deals with 
seed dispersal by lizards (Figueira et al. 1994). 
Here I present some new information regarding 
the reproductive biology, population density, and 
size structure of this species on a coastal sandy 
plain in south-eastern Brazil, and compare the 
results with those reported to other globose cacti 
species, especially those of Melocactus genus. 
The information presented here can be useful in 
future evaluations about the conservation status 
of this species.

MATERIAL AND METHODS

The study was conducted at the Restinga de 
Jurubatiba National Park, state of Rio de Janeiro, 
south-eastern Brazil, in an area located five meters 
a.s.l. This is a strictly protected area dominated 
by a mosaic of vegetation communities called 
restinga, which grows on sandy coastal plains 
formed in the late Quaternary. The dominant 
vegetation type on the park is the “open Clusia 
scrub formation”, which is characterized by 
Clusia hilariana dominated scrubs separated by 
exposed white sand or small clumps of the palm 
Allagoptera arenaria, the bromeliads Aechmea 
nudicaulis and Neoregelia cruenta, besides the 
columnar cactus Pilosocereus arrabidae (Araújo 
et al. 1998). The area has a tropical climate, with 
an annual average rainfall of 1,000 mm, a dry 
season extending from April to September, and 
a mean annual temperature of 22.6 ºC, but soil 
temperature can reach up to 70 ºC on a summer 
day (Araújo et al. 1998). 

The population of M. violaceus subsp. 
violaceus was sampled during a week in August 
2006, on a one hectare plot (100 x 100 m) divided 
in 16 plots of 625 m² (25 x 25 m). Each plots 
was considered a sample unity where every cacti 
individual was identified, had its reproductive 
stage recorded, and its diameter and distance to 
the nearest vegetation above 50 cm measured 
(both in cm), in order to represent potential shadow 
cover in the area, as soil temperature is one of 
the main factors affecting the survival of globose 
cacti seedlings (Martorell & Patiño 2006). The 
cacti individuals were classified according their 
stage of growth as: immature (all green, without 

cephalium), pre-breeding (with cephalium, but no 
flowers or fruits) and reproductive (with cephalium 
and flowers or fruits). As both flowering and fruiting 
in Melocactus are ephemeral events (Taylor 1991, 
Figueira et al. 1994), some events of reproductive 
activity may have been lost due the short sampling 
time. In order to reduce this problem, most of the 
analyses were performed merging the pre-breeding 
and reproductive categories; when these two 
stages are referred together in the text, the term 
‘potentially reproductive’ is used.

Individuals were assigned to 1-cm size 
(diameter) classes to describe population structure 
and their occurrence on these size classes was 
compared to the log-normal expected distribution 
through the Chi-square test (Zar 1999). The 
fitting to the log-normal distribution describes 
the pattern observed in growing populations with 
constant recruitment, in opposition to an uneven 
distribution, that characterizes populations with 
regeneration pulses (Godínez-Álvarez et al. 
2003, Medel-Narvaez et al. 2006). To evaluate 
the effect of population density on population 
structure, simple linear regressions (Zar 1999) 
were performed between number of individuals 
per plot (independent variable) and the diameter 
(average and maximum) of the cacti (dependent 
variables). Variables were log-transformed to meet 
the assumptions of parametric tests whenever 
necessary (Zar 1999).

To detect density-dependence in habitat 
selection, the occurrence of cacti individuals in 
five distance classes (<50cm, 51-100cm, 101-
150cm, 151-200cm, >201cm) was compared with 
expected values by using contingency tables with 
log-linear models adjusted to the expected counts 
for the marginal sums of the contingency table. 
The plots were grouped in two classes (< 10 ind. 
and > 15 ind.) and a Chi-square test was employed 
to analyze the goodness of fit of the contingency 
table (Zar 1999).

RESULTS

The number of M. violaceus individuals 
per plot ranged from zero to 31, totalling 143 
individuals in the entire plot (mean ± SD = 8.9 ± 
9.3). Two of these individuals could not have had 
its distance to the nearest vegetation measured as 
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they were unrooted by unknown reasons, and so 
they were not included in any of the following 
distance analyses.

The majority of the cacti individuals in the 
area (57 %) were less than 50 cm from nearest 
vegetation, and only a few of them (2 %) were 
more than 200 cm away (Figure 1), with the largest 
measured distance being 227 cm. The occurrence 
of cacti individuals on the distance classes was 
independent of their density on the plots (Chi-
square = 1.901, d.f. = 4, p > 0.75), as most of the 
individuals were on the nearest distance classes in 
both low and high abundance plots.

The diameter of the cacti in the area varied 
from 1.4 to 12.3 cm and the size class distribution 
presented an accentuated increase in abundance, 
followed by a slower monotonic decrease after 
the peak at the 4-cm size class (Figure 2), fitting 
a log-normal distribution (Chi-square = 17.5449, 
d.f. = 12, p = 0.1303). The smallest pre-breeding 
individuals measured 6.3 cm of diameter, while 
the largest immature individual measured 9.5 
cm. Immature individuals were reported on every 
size class smaller than 10.0 cm, and this was the 
most frequent reproductive stage on every size 
class up to the 7th (7.0 to 7.9 cm); from the 8-cm 

size class on the most frequent reproductive 
stage was the pre-breeding one (Figure 3). The 
log-transformed number of individuals per plot 
was negatively related to its average diameter 
(F(1, 11) = 7.3597; p = 0.0202; r2 = 0.4009), but 
no significant relationship was presented to the 
maximum diameter measured on the plot (F(1, 11) 
= 0.4226; p = 0.5290; r2 = 0.0370).

As for the reproductive stages, immature 
individuals were the most abundant ones (72.7 %), 
and the potentially reproductive individuals 
accounted for about one-quarter of the population 
(pre-breeding = 20.3 %; reproductive = 7.0 %). 
This pattern was repeated with slight modifications 
when the plots were considered separately; when 
only those plots with five or more cacti individuals 
were taken in to account, the representation of 
potentially reproductive individuals in the samples 
ranged from zero up to 40 %. When only those 
size classes larger than 6 cm (the size class with 
the smallest pre-breeding individual) were taken 
in to account, the representation of immature 
individuals was reduced to 43.5 %, and potentially 
reproductive individuals represented more than 
half of the adult population (pre-breeding = 42.0 
%; reproductive = 14.5 %).

Figure 1. Number of individuals (n = 141) per distance to the nearest vegetation (in cm) on a population of 
Melocactus violaceus at Restinga de Jurubatiba National Park, Rio de Janeiro.
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Figure 2. Population structure of Melocactus violaceus on the Restinga de Jurubatiba National Park. Bars 
represent the number of individuals detected in 1.0 cm size (diameter) classes and the line represents the log-
normal expected distribution.

Figure 3. Variations on the frequency of reproductive stages on a population of Melocactus violaceus along 
1.0 cm size (diameter) classes (in parenthesis, number of individuals on the size class). Legend: ■: immature, 
■: pre-breeding, □: reproductive.
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DISCUSSION

The M. violaceus density on the Restinga de 
Jurubatiba National Park is lower than that observed 
in other species of the Melocactus violaceus group, 
but falls within the range reported to other Melocactus 
species (Table 1). Most of the studies reporting 
densities of Melocactus species were carried out in 
rocky or rupestrian soils, and, to my knowledge, this 
estimate of M. violaceus subsp. violaceus density 
is the first clearly obtained in a sandy soil. Hughes 
et al. (2011) states that abundance of M. ernestii 
subsp. ernestii is negatively related to the degree 
of weathering of the outcrops, but other estimates 
of Melocactus densities in sandy soils would be 
necessary to evaluate the generality of this pattern. 
In a review about cacti demography, Godínez-
Alvárez et al. (2003) affirmed that it is difficult 
to make generalizations about cactus density as 
no clear trend among species is observed. Despite 
the enormous range of variation in Melocactus 
density, M. violaceus seems to be a relatively rare 
species when compared to its congeners, which is 
an especially concerning situation as this species 
is categorized as vulnerable at the IUCN Red List 
(Taylor 2002).

Most of the M. violaceus individuals were 
located near some kind of vegetation, but only a 

few of them were observed under the direct cover 
of another plant species, and none of them could 
be found on the interior of the scrubs. The majority 
of the cacti individuals were located near enough 
to adjacent vegetation to be shadow-covered and 
avoid direct sunlight during some part of the day. 
This reduction to sunlight exposure enables the 
establishment of the individuals on exposed sand, as 
the overheating is an important issue to globose cacti 
germination (Rojas-Aréchiga & Vasquez-Yanes 
2000) and survival (Martorell & Patiño 2006). On 
the same area, Zaluar & Scarano (2000) reported 
the positive association between A. arenaria and 
P. arrabidae, a columnar cactus, and the possible 
positive effect of the palm on the germination and 
establishment of this cactus, and both Reyes-Olivas 
et al. (2002), working on a Mexican desert, and 
Hughes et al. (2011), on the Brazilian caatinga, 
states that some species of globose cacti do not 
depend on scrubs to its establishment, but the effect 
of shading on their survival cannot be neglected. 
Despite this major limitation on cacti establishment, 
no denso-dependent effects were found on habitat 
selection, possibly due the fact that water, and not 
shadow cover, is one of the main limiting factors in 
arid systems (Fowler 1986).

The smallest diameter measured on a 
potentially reproductive individual on the area is 

Table 1. Density estimates reported for species of the Melocactus genus in the literature. Groups as defined 
by Taylor (1991).

Species Group Habitat Density 
(individuals ha-1) Reference

M. glaucescens 
Buining & Brederoo

M. violaceus rupestrian caatinga/
cerrado

500 Colaço et al. 2006

M. paucispinus G. 
Heimen & R. Paul

M. violaceus rupestrian caatinga/
cerrado

800 Colaço et al. 2006

M. violaceus Pfeiffer M. violaceus restinga 143 This study

M. ernestii Vaupel M. oreas rocky outcrops 6,700 Hughes et al. 2011

M. schatzlii Till & 
Gruber

M. curvispinus rocky valley slopes 
within xeric patches

Hundreds Nassar et al. 2007

M. andinus Gruber 
ex Taylor

M. curvispinus rocky valley slopes 
within xeric patches

20 to 30 Nassar et al. 2007

M. curvispinus 
Pfeiffer

M. curvispinus xeric patches Up to 1,290 Nassar et al. 2001
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similar to the diameter reported by Taylor (1991) 
to adult individuals of this species (6.0 cm), but 
it is smaller than that reported by Figueira et al. 
(1994) to reproductive individuals in similar 
vegetation on Espírito Santo, Brazil (7.9 cm). 
The negative relationship between the abundance 
and the average diameter is probably a sampling 
artefact, as the plots with most individuals are 
also those with most younglings, which reduce 
the average diameter; when only the largest 
individuals per plot are considered on the analysis, 
the relationship disappears. So this negative 
relationship, although statistically significant, 
probably do not reflect any denso-dependent 
factor acting of cacti growth.

The M. violaceus population at the Restinga 
de Jurubatiba National Park is dominated by 
immature individuals, as indicated by the fitting 
of the data to a log-normal size distribution 
(Godínez-Álvarez et al. 2003, Medel-Narvaez et 
al. 2006). The low abundance of individuals from 
the first size classes (below 3 cm) is probably due 
the study have been carried out in the end of the 
dry season, as seedling recruitment is positively 
related to humidity and occurs in pulses after 
rainfall events (Hughes et al. 2011). This kind of 
distribution is expected to be found in growing 
populations of perennial plants with constant 
recruitment (Solis-Montero et al. 2005), and 
was already reported for another Melocactus 
species (Hughes et al. 2011). This suggests that 
the National Park presents favourable conditions 
that allow constant germination and establishment 
of seedlings once, as a protected area, it is not 
subject to anthropogenic disturbance that can 
promote unstable environmental conditions, which 
would result in an uneven patter, as exhibited by 
populations under sporadic recruitment pulses 
(Godínez-Álvarez et al. 2003).

Despite the fact that half of the cacti 
population on the area could be classified as 
adults, the potentially reproductive category 
comprises only about one quarter of them, and 
less than one-tenth of the sampled population is 
included on the reproductive category. When only 
individuals larger than 6.0 cm of diameter are taken 
into account (the size class with the smallest pre-
breeding individual), the frequency of reproductive 
individuals on this population is similar to the 

minimum values reported to M. curvispinus (about 
20 %; Nassar & Ramírez 2004), and M. glaucescens 
(about 15 %; Colaço et al. 2006), but higher then 
values reported to M. paucispinus (less than 5 %; 
Colaço et al. 2006). These three species presented 
flowering activity during most of the year, but 
flowering peaks were observed in all three species 
(Nassar & Ramírez 2004, Colaço et al. 2006). In M. 
curvispinus population, flowering peaks coincided 
with the rainfall peaks (Nassar & Ramírez 2004), 
but the patterns reported by Colaço et al. (2006) to 
M. glaucescens and M. paucispinus populations are 
not conclusive, and no clear factor associated with 
their flowering peaks. The low percentage of M. 
violaceus individuals flowering or fruiting on the 
area suggests that this population doesn’t have a 
flowering peak or it was not sampled on it. As this 
study was conducted at the end of the winter, which 
is characterized by strong water deficit (Araújo et 
al. 1998), flowering peaks on this species may be 
related to rainfall peaks, as in M. curvispinus, but 
no conclusion can be taken without a year-round 
population monitoring.

Since most of the studies on cacti ecology 
are concentrated on reproductive biology and biotic 
interactions, and analyses of its population ecology 
and size structure are incipient (Godínez-Álvarez et 
al. 2003), the information presented here becomes 
relevant as the ecology of globose cacti species 
from South American is little known. As there was 
no temporal accompaniment on this population, 
demographic parameters as survivorship and 
fecundity, as well as the age of first reproduction, 
could not be obtained. Thus, following a cohort 
of M. violaceus through time would enable the 
construction of reliable matrix models and provide 
critical information on the population status of this 
threatened species.
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