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Scorpions are common and ecologically important
arthropods in arid and semi-arid ecosystems throughout the
world (BROWN 2004, POLIS 2001). They are one of the most im-
portant predators in arid region communities in terms of den-
sity, biomass and diversity (POLIS 1990); moreover, scorpions exert
predatory pressure on a wide variety of insect and spider popu-
lations, having an impact in the flow of energy of these ecosys-
tems (MCCORMICK & POLIS 1990). Many environmental factors
can influence the taxocenoses of scorpions in arid region eco-
systems, such as the type of soil, topography, hydrology, food
resources, and especially, temperature and precipitation (POLIS

1990, DIAS et al. 2006, YAMAGUTI & PINTO-DA-ROCHA 2006).
The caatinga occupies an area of about 800,000 km² (cor-

responding to ca. 10% of the Brazilian territory) in the north-
eastern region of Brazil (SILVA et al. 2004, FIASCHI & PIRANI 2009).
The prevailing semiarid climate, with a high evapotranspiration
potential (1500-2000 mm/year) and low precipitation (300-1000
mm/year) concentrated in a short period of 3-5 months (SAMPAIO

1995), is characterized by marked seasonality, making the caatinga
an important natural laboratory for scientific studies (LEAL et al.
2005). The vegetation forms a landscape mosaic that varies from
open thorny scrub to low dry forests, and is partly determined
by the rainfall gradient characteristic of this ecosystem.

In the present study, we investigated the seasonal varia-
tions in scorpion activity on the soil surface of an area of caatinga
in the State of Paraiba, Brazil, during a period of 24 months.
Additionally, we have analyzed the correlation between the num-
ber of scorpions captured during each month with climatic vari-
ables and availability of potential prey.

MATERIAL AND METHODS

The study area was located at the Fazenda Almas Private
Natural Reserve (RPPN-Fazenda Alma, 7°28’S, 36°52’W), an area
of 3,505 ha in the municipalities of São José dos Cordeiros and
Sumé, state of Paraíba, northeastern Brazil (MOURA et al. 2006).
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ABSTRACT. Seasonal variations in scorpion activity were investigated during a 24 month period in an area of Caatinga

(dryland) vegetation in the state of Paraíba, Brazil. The total number of scorpions captured was correlated with climatic

variables and prey abundance. Scorpions were captured monthly using pitfall traps; their potential prey was captured

using malaise, beating trays and pitfalls. A total of 104 scorpions were captured, representing four species: the bothriurids

Bothriurus asper (Pocock, 1893) (n = 74; 71.2%) and B. rochai (Mello-Leitão, 1932) (n = 20; 19.2%), and the buthids

Rhopalurus rochai (Borelli, 1910) (n = 4; 3.8%) and Tityus stigmurus (Thorell, 1876) (n = 1; 1.0%). The sex ratios

(male:female) of the two most abundant species were 14:1 for B. asper and 7:1 for B. rochai. The abundance of scorpions

captured was significantly correlated with precipitation, real evapotranspiration, and abundance of invertebrates (mainly

insects). Scorpion activities, especially those of B. asper and B. rochai, may be closely related to their reproductive cycles.

Reproduction apparently reaches its maximum when there is an abundance of food, which in the Caatinga is strongly

associated with rainfall patterns.
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The local vegetation varies from a dense to a somewhat open
arboreal caatinga formation, with scattered areas of exposed
rocks and their characteristic dryland flora (BARBOSA et al. 2007).

Rainfall data were obtained from the AGÊNCIA EXECUTIVA

DE GESTÃO DAS ÁGUAS DO ESTADO DE PARAÍBA (2008), and data rela-
tive to the real evapotranspiration, as well as water deficit and
water excess, were obtained from the CENTRO DE PREVISÃO DE TEMPO

E ESTUDOS CLIMÁTICOS (2008), municipality of Sumé. We mea-
sured the temperature and relative humidity data directly at
the sampling localities with the help of a digital thermo-hy-
grometer (an average of six days of reading per month, with
five readings per day, taken between 05:00 a.m. and 12:00 p.m.).

The study area was delimited by a 100 ha grid near the
center of the largest forest fragment in the RPPN-Fazenda Almas,
with six parallel transects (A, B, C, D, E, F) separated from one
another by 200 m. Six sampling points (1, 2, 3, 4, 5 and 6),
separated from one another by 200 m, were placed in each
transect line, forming a 6 x 6 matrix with a total of 36 sam-
pling points. Samples were taken monthly during 24 months,
between December/2006 and November/2008. Each month,
only one point in each transect was sampled, and the same
point was sampled only twice a year, once in each season.

Invertebrate sampling was conducted with malaise traps
(surface of 2 m2), pitfall traps (15 cm diameter at the ground
level and 10 cm deep) and beating trays. Six malaise traps were
left in the field during one day every month. Five pitfall traps
were placed in each sampling point and were arranged in a cross-
shaped pattern, with one in the center and four at the tip of each
cross, distant 1m from one another. Pitfalls were connected by a
plastic device 15 cm high, which increased the sampling area to
4 m2. These traps were maintained for three days and their con-
tents were pooled into a single sample. In each sampling point,
four trees were sampled by beating the branches onto trays and
all invertebrates collected were pooled into one sample.

All samples were studied at the Laboratório de Ecologia e
Conservação da Biodiversidade (LECOB) of the Universidade
Federal do Rio Grande do Norte, where the invertebrates were
separated by taxonomic order, counted, and conserved in 75%
ethanol. The scorpions were identified to species and stored in
the Coleção de Aracnídeos do Laboratório de Artrópodes do
Instituto Butantan, São Paulo, Brazil (numbers 5269 to 5319).

Correlation analyses (using the Spearman correlation) were
performed between the number of scorpions collected each month
and the following values, obtained for the sampling month, and
for the month preceding the sampling date: total monthly pre-
cipitation (mm), monthly temperature averages (°C), relative hu-
midity (%), real evapotranspiration (mm), and water deficit. Scor-
pion abundance was also compared with the abundance of all
arthropods collected in the three types of traps, particularly in-
sects and spiders, the main prey of scorpions (POLIS 1990). Small
arthropods (< 2 mm) such as Acari, Collembola, Siphonaptera,
Thysanoptera, and Psocoptera were excluded from the analyses.
Since the families of spiders captured by pitfall traps generally

differ from those obtained by beating the vegetation, we have
chosen to present the analyses for “spiders pitfall”, and “spiders
other methods” separately. All analyses were performed using the
Statistica software for Windows (6.0). The chi-square test was used
to analyze the sex-ratios of the most abundant species.

RESULTS

Four species and 104 individual scorpions belonging to
Bothriuridae and Buthidae were captured during the 24 months
of sampling. The following species were present in our samples:
Bothriuridae: Bothriurus asper (Pocock, 1893) (n = 74; 71.2%)
and B. rochai (Mello-Leitão, 1932) (n = 20; 19.2%); Buthidae:
Rhopalurus rochai (Borelli, 1910) (n = 4; 3.8%) and Tityus
stigmurus (Thorell, 1876) (n = 1; 1.0%). Five immature indi-
viduals could not be identified.

Considering all scorpions collected, the frequency of each
sex ratio was as follows: 68% males, 9% females, and 23% juve-
niles. Among the individuals of B. asper captured, 77% were
males, 5.4% were females, and 17.6% were juveniles, what re-
sulted in a sex ratio of 14:1 (�² = 46.05, d.f. = 1, p < 0.01). For B.
rochai, these proportions were 65% males, 10% females and 25%
juveniles, with a sex ratio of 7:1 (�² = 8.07, d.f. = 1, p < 0.01).

About 84% of the scorpions were collected during the
rainy months. Precipitation (Fig. 1) and real evapotranspira-
tion rates in the month of sampling were the climatic variables
most strongly correlated with the number of scorpions collected
(Tab. I). When analyzed individually, B. rochai and B. asper
showed a similar seasonal pattern of abundance (Figs 2 and 3).

Scorpion abundance was significantly correlated with the
abundance of arthropods (rs = 0.52, p < 0.05), the abundance
of insects (rs = 0.47, p < 0.05), and the abundance of spiders
collected in the pitfall traps (rs = 0.61, p < 0.05). When all spi-
ders collected were considered collectively, however, scorpion
abundance did not correlate with total spider abundance (rs =
0.15, p > 0.05). Scorpion abundance was also significantly cor-
related with both the abundance of arthropods collected using
beating trays (rs = 0.44, p < 0.05) and collected in pitfall traps
(rs = 0.43,p < 0.05), but not with the abundance of arthropods
collected in Malaise traps (rs = 0.26, p > 0.05).

DISCUSSION

In the present study, the abundance of scorpions captured
on the soil surface may be largely explained by the foraging habits
and/or the reproductive behavior of each species. As a rule, scor-
pions are sedentary animals that spend up to 97% of their lives
inside their burrows (POLIS 1990). Despite some differences be-
tween various groups, for instance between bothriurids and
buthids (LOURENÇO 2002), scorpions generally display a sit-and-
wait foraging strategy (MCCORMICK & POLIS 1990). During their
mating period, however, males undergo marked behavioral
changes, decreasing their foraging activity and covering long
distances looking for females (POLIS & FARLEY 1979).
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The higher capture rate of buthriurids (90% of the total)
with respect to buthids in our data is most likely a reflection of
their different habits rather than their relative abundance in
the study area. Buthriurid scorpions are fossorial, what makes
them more susceptible to falling in pitfall traps when com-
pared with the primarily arboreal buthids.

Most individuals were collected during the rainy months,
and were almost exclusively males; most likely, this period of
high activity corresponds to the mating season, as observed by
PINTO-DA-ROCHA et al. (2007). Scorpions normally live and hunt
around the openings of their burrows, and are normally not
captured in pitfall traps due to their low activity and movement
rates (LOURENÇO & CUELLAR 1995, PINTO-DA-ROCHA et al. 2007). Dur-
ing the mating season, however, males actively seek out females,
which increase their probability of falling in pitfall traps.

A previous study has linked the incidence of scorpion
bites in Colima, a Mexican State located on the Pacific West

coast, with temperature and precipitation, following the strong
seasonal pattern of that region (CHOWELL et al. 2005). Likewise,
the largest numbers of accidents with scorpions in southeast-
ern Brazil occur during the warm and rainy months (SOARES et
al. 2002). These observations suggest that scorpions boost their
above-ground activities during hot and rainy periods, which
increases their chances to encounter humans.

The highly seasonal nature of the caatinga is almost cer-
tainly a determining factor for above-ground scorpion activity
(foraging and/or reproduction) due to the marked influence
rainfall and temperature patterns exert on that ecosystem. This
contrasts with the situation found for the bothriurid Thestylus
aurantiurus Yamaguti & Pinto-da-Rocha, 2003 in the Atlantic
Forest. Even though the reproductive period of the species oc-
curs during the warm and rainy season, individual abundance
is not significantly correlated with temperature or precipita-
tion (YAMAGUTI & PINTO-DA-ROCHA 2006). One explanation for
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Figures 1-3. Fluctuations in precipitation and the absolute abundance of scorpions from December/2006 to November/2008 at the
Fazenda Almas Private Natural Reserve, Paraíba State, Brazil (1); Fluctuations in the abundance of male, female and juveniles of B. asper
(2) and B. rochai (3).

Table I. Results of the Spearman analysis of the absolute abundance of scorpions with climatic variables during each sampling month, as
well as with the previous month (indicated with “(-1)”).

Climatic Variables B. asper B. rochai All species

Precipitation (mm)  0.64*  0.60*  0.54*

Precipitation (mm) (-1)  0.57*  0.49*  0.45*

Temperature (ºC)  0.29  0.13  0.24

Temperature (ºC) (-1)  0.49*  0.27  0.47*

Relative Humidity of the air (%)  0.54*  0.48*  0.39

Relative Humidity of the air (%) (-1)  0.37  0.51*  0.27

Water deficit  0.34  0.29  0.40

Water deficit (-1)  0.38  0.35  0.25

Real evapotranspiration (mm)  0.61*  0.60*  0.52*

Real evapotranspiration (mm) (-1)  0.44*  0.44*  0.31

* Indicates p � 0.05.

1 2 3
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the latter may be the low seasonality of and constantly humid
environment of the Atlantic Forest.

The beginning of the rainy season in arid and semi-arid
ecosystems provides favorable environmental conditions for
the development of many organisms, including insects. The
increase in reproductive activity and abundance of many groups
of insects during the rainy season is correlated with renewed
plant growth, acceleration in the decomposition of the leaf
litter accumulated during the dry season, and with the move-
ment of insects that are constrained to humid sites during the
dry season (WOLDA 1988, WHITFORD 1996).

The abundance of arthropods (mainly insects) in our data
was correlated with the abundance of scorpions on the soil
surface. An increase in foraging activity occurs during the rainy
season when prey becomes widely available in the caatinga.
Our results agree with those obtained by POLIS (1980), who also
noted that scorpion density in arid environments is highly
correlated with the abundance of insects on the soil surface.

The apparent inactivity of scorpions during the dry sea-
son can be understood in terms of scarcity of prey during that
period. The ability to consume large quantities of food in a single
meal and to store energy efficiently, combined with a low meta-
bolic rate, allows scorpions to survive without ingesting any prey
for long periods of time (MCCORMICK & POLIS 1990). Even though
some species of scorpions are known to store prey within their
burrows (MCCORMICK & POLIS 1990), this phenomenon is not pres-
ently known for neotropical buthids or bothriurids.

An increase in food resources in the caatinga during the
rainy season appears to be a key factor triggering the reproduc-
tive activities of B. asper and B. rochai. Reproduction during
the rainy season also tends to maximize the birth and survival
rates of the offspring, as both growth and reproduction in scor-
pions are directly affected by the availability of food (POLIS 1990).

In conclusion, marked seasonal variations in above-
ground scorpion activity were observed in the caatinga area
studied by us. This foraging and/or reproductive activity was
closely associated with rainfall regimes and their direct and
indirect effects on the availability of prey, especially insects.
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