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Reproductive phenological pattern of Calotropis procera
(Apocynaceae), an invasive species in Brazil: annual in native areas;
continuous in invaded areas of caatinga
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ABSTRACT

In this study, we evaluated the phenological patterns (vegetative and reproductive) of Calotropis procera (Apocynaceae-
-Asclepiadoideae) in Brazil, comparing its phenology in an area where it is invasive with that observed in areas to
which it is native. Phenological observations were carried out over a 24-month period at sites in and around areas
of caatinga (shrublands). We estimated the relative frequency of each phenophase, and we documented a dramatic
difference between phenophases in terms of the pattern of reproductive phenology . The pattern of continuous
flowering and fruiting observed in the invaded area strongly diverges from the 2- to 6-month flowering and fruiting
period of the annual pattern. The continuous pattern of reproduction seems to have facilitated the invasion of the

Brazilian caatinga by C. procera.
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In some tropical plant species, the flowering pattern
remains consistent under a wide range of environmental con-
ditions, whereas that of other species can change drastically
among ecosystems (Newstrom et al. 1994). Plasticity in phe-
nology contributes to making a species dominant (Devineau
1999), in particular for invasive species (Seghieri & Simier
2002). However, studies on the phenology of invasive species
are scarce, most having been conducted in greenhouses (e.g,
Weber & Schmid 1998; Kollmann & Banuelos 2004) or in
temperate regions (e.g., Perglovd et al. 2006), only a few having
been carried out in the tropics (e.g., Seghieri & Simier 2002).
Comparisons of the phenological timing of a species between
native and invaded areas are even rarer (see Pasiecznik et al.
2006; Godoy et al. 2009). Although some studies using bio-
logical attributes as predictors of invasiveness have focused
on fruiting or flowering (Reichard & Hamilton 1997; Lake &
Leishman 2004), that information comes from non-systematic
compilations of phenological data. Here, we aimed to evaluate
the phenological patterns (vegetative and reproductive) of
Calotropis procera (Aiton) W.T. Aiton (Apocynaceae-Ascle-
piadoideae) in an area in which it is invasive, in comparison
with those observed in areas to which it is native.

Calotropis procera is native to Africa and Asia, occurring
in an arc extending from the coasts of Senegal and Mauri-
tania in northwest Africa, through the Arabian Peninsula,
Afghanistan and Pakistan into India (Parsons & Cuthbert-
son 2001). Introduced in Brazil as an ornamental more than
a century ago, it became invasive, spreading across several
states, most of them in the northeastern region of the coun-
try. The species is an evergreen shrub, 2-4 m in height; the
flowers are hermaphrodite and melittophilous; and the fruits
are follicles, the seeds having long silk threads and being
wind-dispersed. The study was carried out from August
2006 to July 2008 at sites in and around areas of caatinga
(shrublands) within the Serra Talhada Experimental Station
(07°59°007S; 38°19°16”W), located in the municipality of
Serra Talhada, in the state of Pernambuco, Brazil. The rainy
season in the area is from January to May. Mean annual
temperature and rainfall are 24.5°C and 693.9 mm, respec-
tively (climate data obtained from the Pernambuco Institute
of Technology/Meteorology Laboratory of Pernambuco).

Phenological observations were carried out monthly in
17 adult individuals 30-50 m apart. We recorded the total
number of branches and the number of branches exhibiting
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the following phenophases: sprouting (leaf flush); flowering
(including buds); and fruiting (green or ripe). To estimate
the relative frequency of each phenophase in the population-
—i.e., the intensity level sensu Fournier (1974)—the number
of branches in each phenophase was divided by the total
number of branches and multiplied by 100. In addition,
the activity index (AI) was calculated by observing the
presence/absence of each reproductive phenophase per
individual, and we used those data in order to calculate the
proportion of individuals in the population displaying each
phenophase (sensu Bencke & Morellato 2002a). The Al can
also be used in order to evaluate intraspecific synchrony, a
larger proportion of individuals in a given phenophase at the
same time indicating greater synchrony in the population
(Bencke & Morellato 2002b). Phenological patterns were
determined following Newstrom et al. (1994). Spearman’s
correlations coefficients (r ) were calculated in order to de-
termine whether flowering/fruiting intensity correlates with
the amount of rainfall (monthly total) and with temperature
(monthly average).

During the two-year period of phenological observa-
tion, C. procera was evergreen. Flowering and fruiting were
continuous and relatively consistent (Fig. 1). The flowering
individuals showed Als that were consistently high, ran-
ging from 76.5% to 100%, indicating a high degree of syn-
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chrony among individuals (> 60%). Intensity levels were
highest in the beginning of the dry season—with peaks in
August 2006 (73.8%) and September 2007 (56.7%)—and
were lowest in December 2006 and December 2007 (21%
and 17%, respectively). Fruiting peaks were observed in
September 2006 (AI: 100%; intensity: 66.2%) and October
2007 (AL 100%; intensity: 64.8%), during the dry season
and just after flowering peaks, the lowest Als and intensity
levels being observed in the rainy months (Al: 64.7% and
52.9% in February 2007 and January 2008, respectively; in-
tensity: 16.5% and 9.7% in January 2007 and January 2008,
respectively), as shown in Fig. 1. Fruiting was also highly
synchronised among individuals, except in January 2008
(52.9%). Flowering correlated negatively with temperature
(r=-0.64, p=0.0008), and fruiting negatively correlated
with rainfall (r=-0.57, p=0.003). No other significant
correlations were observed.

Calotropis procera has also been shown to have an
evergreen leafing pattern in the deserts of Saudi Arabia
(El-Ghani 1997). In the caatinga, most of the native spe-
cies are deciduous, evergreen species accounting for only
approximately 18% (Barbosa et al. 2003). The deep root
system of C. procera, with a long main axial root (Parsons
& Cuthbertson 2001), is similar to that observed in many
evergreen species that are native to the caatinga (Barbosa
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Figure 1. (A) Monthly temperature (line) and rainfall (bars) in the municipality of Serra Talhada, in the
state of Pernambuco, Brazil, between August 2006 and July 2008. (B) Intensity of flowering (including
flower buds), intensity of fruiting, and activity indices (Als) for Calotropis procera in Serra Talhada, where

the species is invasive, during the same period.
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et al. 2003). The continuous flowering observed for C.
procera in the present study strongly diverges from what
has been observed in its native areas in India (Singh &
Yadava 1974), Israel (Eisikowitch 1986) and Saudi Arabia
(El-Ghani 1997). In Israel, flowering has been reported
to occur for six months, during the spring and summer,
with possible slight variations resulting from temperature
fluctuations (Eisikowitch 1986). In fact, the distribution of
C. procera in Israel was shown to be drastically restricted
by thermal conditions due to its “thermophilic” nature
(Eisikowitch 1986). In Saudi Arabia, flowering was found
to start early in the spring, when temperatures are still
mild, last for four months, and finish two or three weeks
before the arrival of the highest temperatures, which are
usually around 50°C (El-Ghani 1997). In India, the species
was also found to flower annually, for two months during
the summer (Singh & Yadava 1974). In those studied
areas, temperatures vary widely throughout the year, and
extremely high temperatures occur in some desert areas.
In contrast, the mean annual temperature in the caatinga
is approximately 26°C and temperatures vary little over the
course of the year (e.g., Machado et al. 1997; Barbosa et al.
2003). Thus, temperature seems to explain the phenolo-
gical changes observed in C. procera in invaded areas. In
phenological studies with native, typical woody caatinga
species, flowering patterns, conversely, have been shown
to be more strongly affected by rainfall, most of them
flowering during the rainy season (Machado et al. 1997;
Barbosa et al. 2003), except for the evergreens, 60% of
which flower during the dry season (Barbosa et al. 2003).
Nevertheless, none of those studies registered any species
with continuous flowering, as observed for C. procera.
Long flowering periods were found to be an important
attribute for invasive species in Canada (Goodwin et al.
1999) and in the Mediterranean, because they increased
the chances of reproductive success (Lloret et al. 2005).
This is an advantage over native species that exhibit se-
asonal flowering and strong competition for pollinators.
Those findings support the hypothesis that invasive species
with functional characteristics qualitatively different from
the native flora are successful invaders.

Phenological plasticity seems to be an essential attribute
for the successful maintenance of invasive plants (Seghieri &
Simier 2002). In addition to the changes in the reproductive
phenological pattern, C. procera showed a suite of traits that
are associated with invasiveness in tropical ecosystems, such
as large leaves (e.g., Lloret et al. 2005), wind-dispersed seeds
(e.g., Lake & Leishman 2004), hermaphrodite flowers (e.g.,
Reichard & Hamilton 1997), and attractiveness to humans
(e.g., Cox 2004), initially as an ornamental and currently as
a forage plant. The presence of all those life history attribu-
tes, combined with the observed reproductive phenological
changes, might have facilitated the success of C. procera in
the invasion process and reveal its potential to invade other
ecosystems in the world.
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