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Abstract

An assessment of the population dynamics of Microtityus jaumei Armas (Scorpiones: Buthidae)
on the slopes south of Sierra de Canasta, Guantanamo Province, Cuba show an increase in
activity over the year (< 0.05). The activity peak is related to the reproductive period from June to
November. The abundance of scorpions was significantly related to density of the canopy and
thickness of the substrate.

Resumen

Se hace un reconocimiento de la dindmica poblacional de Microtityus jaumei Armas (Scorpiones:
Buthidae) en la vertiente sur de la Sierra de Canasta, Guantdnamo, Cuba observandose a lo largo
del afo un incremento en la actividad (< 0.05). Este incremento guardo relacion con el periodo de
reproduccion el cual sucedid entre los meses de junio y noviembre. La abundancia de los
escorpiones estuvo relacionada con la cobertura vegetal y el grosor de la hojarasca.
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Introduction

Scorpions are a small group of about 2000
species of nocturnal terrestrial arthropods.
During the day they seek shelter beneath rocks
or logs, in cracks or burrows that they dig into
the substrate, or beneath the loose outer layers
of many plant shrubs and trees (Polis 1990).
They are solitary and rather stationary in
nature; thus they are often encountered in their
shelter, which they only leave to feed and
reproduce (Polis 1990; Lourenco 2000).
Scorpions allow opportunities for ecological,
conservation, and biogeographic study (Polis
1990; Prendini 2005).

The ecology of scorpions of the Caribbean
and Americas is poorly understood. The
classic monograph on the biology of scorpions
by Polis (1990) does not discuss any aspect of
the biology, ecology, or population density of
the genus Microtityus (Scorpiones: Buthidae).
A recent (2008) survey of literature on
scorpions showed that all existing studies
concern taxonomic work. Ecology is the least
known aspect of scorpions of any kind in the
world, perhaps because they are dangerous
and often coexist with highly venomous
snakes (Polis 1990).

The genus Microtityus Kjellesvig-Waering,
consisting of the subgenera Parvabsonus
Armas 1974 and Microtityus, is found in the
Neotropical region in the Caribbean and
Amazonian subregion (Fet and Lowe 2000;
Morrone 2001). The genus Microtityus
includes a group of small-sized scorpions;
they share morphological similarities and
preference for relatively rare and inaccessible
habitats and thus have not been a frequent
object of either ecological or biological study.
The study presented here was conducted to
assess the activity of a population of M.
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jaumei Armas over the course of one year
(January 2005 to February 2006) and to assess
the relationships between relative abundance
and environmental variables in the study area.

Materials and Methods

Study area

Specimens were collected over a year in three
areas on the slope south of Sierra de Canasta
(20° 09' 43" N - 75° 21" 46" W) that is within
the jurisdiction of the municipality of Niceto
Pérez, Guantanamo Province (Figure 1). It is a
mountainous terrain of relatively recent
geological origin, early to late Pleistocene
according to Iturralde-Vinent (1969, 1978)
that structurally consists of anticlines and
monoclines that do not surpass 500 m
elevation. The presence in some regions of
marine erosion scarps and coastal marine
deposits is a clear indication that the sea
occupied or reached the area. Iturralde-Vinent
(1969, 1978) and Kartashov et al. (1981)
propose that this area was once a plain and
periodically emerged during the periods
corresponding to the lower Pliocene-
Pleistocene and part of late Pleistocene.
Presently, the vegetation of the area has been
reduced, to a large extent, to a semi-deciduous
forest terrain and secondary pastureland;
although the secondary scrub patches that can
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Figure I. Study area. Sierra de Canasta, Guantanamo, Cuba. The
approximate area of study is shown in the yellow squares. High quality

figures are available online.
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be found at some sites often extend

considerably.

Specimens were collected in various habitats,
which were classified as:

BSM 1 (semi-deciduous forest at 100-250 m
elevation) characterized by a greater solar
input and less vegetation cover (62%
vegetation cover) and by a 2 — 8 cm thick
layer of leaf litter.

BSM 2 (semi-deciduous forest at 250—400 m
elevation) had a vegetation cover of 80% in
some areas.

MXS (xenomorphic heath) was found on the
marine erosion scarps and had a greater
abundance of silts.

PAS (pastureland) constitutes areas with the
lowest levels of vegetation cover (12%) due to
the extensive grasses found in this habitat.

Environmental data

Environmental data were collected as follows:
thickness of the substrate, canopy density, and
specimen position with respect to the ground,
as well as time of day and sampling period.
These data were collected monthly for one
year, from February 2005 through January
2006, for each of the collection locations. Ten
measurements were taken at random in each
area by means of marked ruler and measuring
rod. Using this approach the thickness of the
substrate was classified as follows: uncovered
to minimal cover (0—5 mm), covered (5-10
mm), and covered (greater than 10 mm). The
canopy density calculation was made using a
manual densimeter at the same ten locations in
each area as previously measured and 15
samples were taken. On this basis, the canopy
was evaluated according to arbitrary criteria
and grouped as follows: highly isolated (<
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25%), thin (25-50%) and thick (> 50%). The
position of individual specimens in the
substrate was then classified as, Type I (dorsal
position with respect to the soil), Type II
(upright/perpendicular to ground), or Type III
(in soil).

Collection of samples

Twelve monthly collections, of two days each,
were undertaken between February 2005 and
February 2006. Specimens were collected by
hand so that that the species could be
systematically monitored with the purpose of
determining the current state of the
populations and conservation status of the
scorpiofauna in the area. Since all ecosystems
were examined, a major effort was made to
acquire representatives of the greatest number
of species. Factors that suggest differences
among ecosystems may affect distribution and
composition of the scorpiofauna, so transects
were established to address the possibility of
shifts in the scorpiofauna (Berovides and
Tadeo 1999). An a priori 4 x 4 m (16 m®) grid
was used for the terrestrial plots, and the
methods of Berovides and Tadeo (1999) were
used for the study of populations and
communities of arachnids.

Statistical analysis

The statistical analysis was carried out using
SSPS (version 12.0). The normality and
homogeneity of variances were first tested and
the data were ranked in both cases. To check
if the number of specimens collected in each
area differs in relation to environmental
factors, the Kruskal-Wallis test was used with
alpha = 0.05. To compare the number of
specimens collected in the areas of higher
elevation versus lower elevation the Mann-
Whitney test was used with an alpha-value of
0.05. In order to verify whether there is a
relationship between these factors and the
number of specimens collected in each area,
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the Spearman Rank Correlation was used with
n=4.

Results

M. jaumei individuals were observed in the
study area foraging near their microhabitat
(under rocks, trunks, and among in the forest
litter decomposition). The greatest numbers of
individuals were present in the semi-
deciduous forest, followed by scrub and
secondary xerophytic grassland; individuals,
mostly juveniles, were frequently sighted in
the transitional vegetation zones. Under
normal moisture M. jaumei was found
clinging to stone surfaces and other objects
making them difficult to detect because of
their cryptic coloration. Under unfavorable
conditions (severe drought) they were most
commonly found beneath the leaf litter or
inside crevices in the ground. Once disturbed,
specimens would assume a cataleptic posture
(apparent death), which sometimes lasted
from seconds to several minutes (mean = 4
min.). The presence of groups of individuals
of the same species was often noted, and it
was not uncommon to find two or more
individual specimens (adult and juvenile)
together. The maximum number found
together was 11 (including two females with
their respective litters of 5 and 7 juveniles,
respectively), under a stone 18 x 11 cm in
size; three individuals clung to the stone and
the rest were on the ground. M. jaumei was
also found living syntopically  with
Rhopalurus junceus (Herbst) (Buthidae). It
was found with Cazierius asper Teruel 2006
(Scorpionidae) in BSM 1, BSM 2, and MXS;
in cohabitation with Centruroides gracilis
(Latreille) (Buthidae) in BSM 2; and
sympatrically with Centruroides anchorellus
Armas (Buthidae) in BSM 1 and BSM 2.

Cala-Riquelme and Colombo

The months of May (rain) and November
(dry) turned out to yield the highest number of
individuals per unit of sampling effort
(between 23 and 99 individual specimens
recorded during the period), representing 81%
of the individual specimens seen and
recovered. During much of the study period
mature males were found, with the largest
number during the rainy season (from late
May until early November). In the subsequent
months (dry season), the number of scorpions
tended to decrease in number, with the period
after October (November and December)
being the most active as well as shortly before
the start of the rainy period (April). The
greatest numbers of females were in the
months of July (0.11), September (0.11), and
October (0.10). The lowest values were for the
months of January (0.02) and February (0.04).
Furthermore, a greater number of juveniles
were detected in the months of August
(immature) and September (immature) (Figure
2).

Relative abundance in the four study areas

Individuals collected showed a tendency
towards heterogeneous distribution in the four
areas studied (Kruskal-Wallis, x* = 344,553;
df = 3; P< 0.05) (Figure 3). The areas that had
an effect of continuous succession (BSM 2 -
MXS-BSM 1 - PAS) showed a close
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Figure 2. Seasonality of the scorpion population of the south slope of

Seasonality Sierra de Canasta, Cuba (January 2005 to February 2006), with the total
number of individuals collected by month. The columns represent the
number of males, females, and juveniles collected by month. High quality
figures are available online.
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Figure 3. Relationship between number of specimens and
study area. (Kruskal-Wallis: P< 0.05). Semideciduous forest at
100-250 m elevation (BSM 1), semideciduous forest at 250—
400 m elevation (BSM 2), xenomorphic heath (MXS), and
pastureland (PAS). High quality figures are available online.
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Figure 4. Relationship between canopy density and area of
study (Kruskal-Wallis: P< 0.05, n = 40). Highly isolated

(< 25%), thin (25-50%), and thick (> 50%). Uncovered to
minimal cover (0—5 mm), covered (5—10 mm), and covered
(greater than 10 mm). High quality figures are available online.
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similarity (Mann-Whitney, P < 0.05). Areas 1
and 3 were found to have significantly higher
values (Mann-Whitney, U = 0,000, P < 0.05),
which may be due to the type of habitat and
the availability of existing microhabitats. The
thickness of the substrate (litter layer) turned
out to be different in the four areas (Area 1:
1.6 cm; Area 2: 2.14 cm; Area 3: 0.7 cm; Arca
4: 0.4 cm; Kruskal-Wallis, %* = 18981; df = I;
P < 0.001 n = 40) (Figure 2). The canopy
density result also differed in the four areas
(Area 1 79.8%, Area 2 61.3%, Area 3 42.7%
Area 4 27.1%; Kruskal-Wallis, x2 = 10785; df
= 2; P< 0.05, n = 40) (Figure 4). The
Spearman rank correlation found the influence
of environmental factors on the increment of
specimen number (coefficient of thickness of

-

~

the Type I position; subsequently, as the day
progressed this gradually changed to position
Type II and finally Type III, during the
warmer hours. During dry periods, a greater
number of specimens were found in position
Type III. Rainfall and temperature did not
influence scorpion abundance in the study
areas, except that populations increased
during the rainy season.

Discussion

The M. jaumei population of the southern
slope of La Sierra de Canasta is rather stable
throughout most of the year, but shows a
remarkable increase during the rainy period
(July—October). Activity peaks from the end
of August into early November, during which

the substrate = 0,338, P < 0.05; coefficient of

canopy density = _0’338’ P< 005) that was (Table I. Spearman rank correlation between environmental factor|
. .. (canopy density and thickness of the substrate), study area and
proved to be highly significant when |specimens number.
correlating the number of specimens to area of T L
study (correlation coefficient of area = 0,873, — subaizara || | dansteye [ SPEASON || e
. . coefficient 1000 0,143 0,338(%) -0,072
P<0.001) (Table 1). Soil type was the same in Thkaess of e e s - o5
the four areas. The number of scorpions = E] e - -
. . . coefficient .14, I -0,338(%) -0,521(*%)
collected varied with the time of day and the Canopy density |Sig (bilateral) 0379 0,033 0,001
: . N 40 40 40 40
season. With respect to time of day and - S 5 o
position, it was observed that in the early Specimens (S (Biaceral) 0] ise L)
. . N 40 40 420 420
hours of the day the Scorpions were found in coefficient 0,072 0.521(7) 0,873(7) 1000
Area Sig. (bilateral) 0,658 0,001 0,000
N 40 40 420 420
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time the greatest number of litters and
pregnant females were found. Even so, males
and females were found sharing the same
micro-habitat throughout the entire year. This
phenomenon occurs with greater frequency in
the months leading up to the rainy period,
during which time we commonly found
groups of up to three pairs exploiting the same
micro-habitat. This is correlated with the fact
that fertilized females were found from
August to November of 2006.

The sit-and-wait foraging strategy of this
species consists of remaining immobile,
waiting for prey. This foraging strategy type
does not require the scorpion to move around
(Polis 1990), leading us to conclude that most
of scorpions collected in this study were in a
search of partners, not prey.

A similar studied was done by Corey and
Taylor (1987). Pitfall traps were used to
collect near Orlando, Florida, during one year,
sampling every two months. Only one species
was collected, Centruroides hentzi (Buthidae).
This is an errant forager but also showed an
increase in activity in July and September,
that is, apparently, the reproductive period.
Another study was done by Yamaguti and
Pinto-da-Rocha  (2003) on  Thestylus
aurantiurus (Bothriuridae) in the Parque
Estadual da Serra da Cantareira, Brazil. In this
case, September through November is the
apparent reproductive period.

The reproductive period in scorpions varies
according to the species. Some South
American scorpions such as Tityus bahiensis
(Buthidae) do not exhibit a well-defined
reproductive period, instead remaining active
throughout the year (Matthiesen 1968). There
is information on several species of the
Bothriuridae. The reproductive period of
Bothriurus bonariensis is from November to
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February, that of B. flavidus is from
November to January, and those of
Urophonius iheringii and U. brachycentrus
are from May to September. However,
differences in the Thestylus aurantiurus
reproductive period may be related to climatic
differences at the different localities. The
beginning of the reproductive period of the
Argentinean species of Bothriurus coincides
with the beginning of the local warm, wet
season. In Cuba, previous studies of
Microtitys  fundorai and M. trinitensis
(Buthidae) coincided with the beginning of
the rainy period of July or August. For these
populations, the beginning of the reproductive
period is August to November although in
general terms, the minimal climatic variability
exhibited in the tropics (from the Tropic of
Cancer to the Tropic of Capricorn) is known
to favor reproductive activity throughout the
entire year (see Polis 1990).

There is a great difference in activity between
the sexes in the M. jaumei population of the
southern slope of Sierra de Canasta. Many
more females were captured than males
(Figure 2), probably due to method used and
male reproductive activity. Using manual
active collection produces different results
from pitfall traps. If pitfall traps are used, the
expected number of captured scorpions would
be higher and the expected number of males
would be closer to the number of females
(since the sex ratio of M. jaumei is 3'1:95).
However, seasonal activity probably would
not be as evident as in the collection with
pitfall traps. It is evident that the population of
M. jaumei in the southern slope of Sierra de
Canasta possesses a reproductive season from
August to November (Figure 2).

Influence of environmental factors on
abundance
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Individuals of the M. jaumei population from
the southern slope of Sierra de Canasta
apparently prefer habitats at higher elevations.
This may be because shelters in lower areas
can be flooded in the rainy season. The two
areas with a higher number of collected
scorpions (1 and 3) are located at a higher
elevation and farther from water sources. On
the other hand, the two areas with fewer
collected scorpions (2 and 4) are located in
places at a lower elevation. These areas are
close to water sources that are flooded in the
rainy season. According to Polis (1990), some
scorpion species seek specific environmental
conditions. Namibian scorpions use several
places as a shelter including simple holes in
the soil and under tree bark (Lamoral 1979).
Harington (1978) verified that Cheloctonus
jonesii (Liochelidae) examines a large area
before beginning to dig its burrow.
Additionally, in Urodacus there are
differences among species in the choice of
place, format and structure of burrows (Koch
1978). Many factors influence the spatial
distribution of scorpions. Important physical
factors include temperature, precipitation, soil
or rock characteristics, stone or litter cover,
and environmental physiognomy.
Temperature and precipitation are probably
the most important determinants of general
geographical range (Koch 1977, 1981;
Newlands 1978; Prendini 2001, 2005). Some
species reach their highest densities only in
areas with extensive ground cover from rocks,
logs, or other vegetation litter (Smith 1966;
Koch 1978; Warburg and Ben-Horin 1978;
Prendini 2001). Evidently, trees and the
resulting litter often occur in areas
characterized by a lower probability of
flooding than in adjacent areas (Koch 1978).
The canopy density and the thickness of the

substrate  were the most important
environmental factors for M. jaumei,
suggesting that this species of “bark

Cala-Riquelme and Colombo

scorpions” may be associated with dead
vegetation (Stahnke 1966).
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