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ABSTRACT
The Dry Tropical Forest (DTF) is one of the most diverse yet threatened biomes of Colombia. 
There is limited information about the richness of the order Pseudoscorpiones (Arachnida) 
in this ecosystem in the country. Pseudoscorpions are ecologically interesting, as they may 
be good indicators of habitat conservation. However, it is still necessary to gather more 
knowledge related to its spatio-temporal variation. In this study, pseudoscorpion diversity 
variation was assessed in two fragments of the Dry Tropical Forest in the Caribbean region 
of Colombian: Reserva Campesina La Montaña (RCM) and Reserva La Flecha (RLF). Four 
samplings were carried out between March and September of 2016 to include the dry and rainy 
season. Pseudoscorpions were collected using litter sifting (SL) and manual capture (MC). A 
total of 260 individuals belonging to five families and eight species were collected. The most 
abundant was Pachyolpium granulatum (Olpiidae) and the richest family was Chernetidae. 
The collection methods were effective and complementary. Spatial variation was significant, 
but no temporal variation was observed however, there was a marked difference between 
the abundance at RCM in the dry season and the rainy season. In contrast, at RLF most 
individuals were found in the dry season in comparison with the rainy season. These new 
faunistic data is the first of its order in the Atlántico and Bolívar department.

Key words. Atlántico, Bolívar, distribution, Dry Tropical Forest, new records, spatio-
temporal variation, Pseudoscorpions. 

RESUMEN
El Bosque Seco Tropical  (bs-T) es uno de los biomas más diversos y amenazados de 
Colombia. Hay poca información de la riqueza del orden Pseudoscorpiones (Arachnida) en 
este ecosistema en el país. En aspectos ecológicos, los pseudoescorpiones son interesantes 
ya que son indicadores potenciales de la conservación del hábitat. Sin embargo, es necesario 
reunir más conocimientos relacionados con su variación espacio-temporal. En este estudio 
se evaluó la variación de la diversidad de seudoescorpiones en dos fragmentos del Bosque 
Seco Tropical en la región del Caribe de Colombia: Reserva Campesina La Montaña 
(RCM) y Reserva La Flecha (RLF). Para lograr esto, se realizaron cuatro muestreos entre 
marzo y septiembre de 2016 para incluir la estación seca y lluviosa. Los seudoescorpiones 
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INTRODUCTION

The Dry Tropical Forest (DTF) is a biome 
that comprises a group of ecosystems 
similar in their physiognomy and vegetation 
(Hernández-Camacho 1992). The main 
characteristic of this biome is a marked 
seasonality of rain with several months of 
drought. Therefore, the ecological changes 
in the communities of this biome are 
affected by this seasonality (Pennington et 
al. 2006). Due to its climatic and soil type 
characteristics, the Caribbean region of 
Colombia has the largest extensions of DTF 
in Colombia (Pizano and García 2014).

Pseudoscorpiones is an order of arachnids 
currently including more than 3400 
species that belong to 437 genera and 26 
families (Harvey c2013). They are small 
animals that range between 0.3 and 12 
mm in size. They exhibit a great variety 
of body shapes and trophic habits (Buddle 
2010). Pseudoscorpions occupy a variety 
of habitats, including edaphic and cave 
environments and even canopy forests 
(Murienne et al. 2008, Battirola et al. 2017a, 
b). They display phoretic associations 
and are frequently found in nest of birds, 
mammals, and on other animals (Poinar Jr. et 
al. 1998, Mahnert and Adis 2002, Turienzo 
et al. 2010).

Recent studies such as Bedoya et al. (2014, 
2015), Bedoya (2015), and Romero-
Ortiz (2015, 2017) have contributed to 

the knowledge of pseudoscorpions in 
Colombia, others (i.e. Lacava et al. 2015, 
Bedoya et al. 2016, Garcia et al. 2016), 
have helped to explain the ecological role 
of pseudoscorpions in certain ecosystems. 
However, the ecological and taxonomic 
diversity of pseudoscorpions still remains 
underexplored, alongside their relationship 
with different habitats. Few studies on the 
pseudoscorpions of the Colombian DTF 
have been published, with only a few reports 
from the Magdalena department (Ceballos 
and Florez 2007).

Several studies have discovered different 
patterns of spatio-temporal variation in 
some communities of arthropod inhabitants 
of the DTF in the Caribbean region of 
Colombia (Barraza et al. 2010, Quijano 
and Martínez 2015, Román-Garrido et 
al. 2016). However, there is still a gap in 
knowledge related to arachnid communities. 
Understanding these patterns in organisms 
such as pseudoscorpions could help establish 
their role as indicators, especially since 
changes in environmental factors affect the 
abundance or permanency of a community 
(Yamamoto et al. 2001).

This study develops an inventory of 
species of pseudoscorpions in two DTF 
fragments and relate it with environmental 
data. In order to determine the spatio-
temporal variation of the species and the 
relationship of this variation with the 
fluctuations in environmental variables 

se recolectaron utilizando cernido de hojarasca (SL) y captura manual (MC). Un total de 
260 individuos pertenecientes a cinco familias y ocho especies fueron recolectados. La más 
abundante fue Pachyolpium granulatum (Olpiidae) y la familia más rica fue Chernetidae. 
Los métodos de recolección demostraron ser efectivos y complementarios. La variación 
espacial fue significativa, pero no se observó variación temporal. Sin embargo, hubo una 
marcada diferencia entre la abundancia en RCM en la estación seca y en la estación lluviosa. 
En contraste, en RLF la mayoría de los individuos se encontraron en la estación seca en 
comparación con la estación lluviosa. Estos nuevos datos faunísticos son los primeros de su 
orden en los departamentos de Atlántico y Bolívar.

Palabras clave. Atlántico, Bolívar, Bosque Seco Tropical, distribución, nuevos reportes, 
Pseudoscorpiones, variación espacio-temporal.



141

Villarreal et al.

such as environmental temperature, relative 
humidity, canopy cover, and rainfall.

MATERIALS AND METHODS

Study area

This study was conducted in two locations 
of the Caribbean region. First, the Reserva 
La Flecha (RLF) in the municipality of San 
Jacinto (Bolívar), (09º51’09,74” North, 
75º10’32,32” West), with an altitude of 324 m 
and an extension of 149 ha. This is included 
within the climatic subunit D2, according to 
the classification proposed by Rangel-Ch and 
Carvajal-Cogollo (2012), with a precipitation 
average of 1972 mm and a temperature average 
of 25 °C per year (Castaño 1999). The rainfall 
regime is bimodal, with a period of intense 
drought between the months of December 
and March, and a less-marked drought period 
between June and July (Rangel-Ch and 
Carvajal-Cogollo 2012). The vegetation is 
hygrotrophophytic, however, on some areas 
the vegetation is subhigrophic, whereby the 
evergreen vegetation is present (Díaz et al. 
1986). 

Second, the Reserva Campesina La Montaña 
(RCM) located between the municipalities 
of Juan de Acosta and Usiacurí, Atlantico 
(10°46’02,06” North, 75°02’34” West), 
with an elevation ranging from 160 to 250 m 
and an extension of 47 ha. This is included 
in the climatic unit B1, with an annual 
precipitation average of 1161 mm. The rainy 
season is between May to November and the 
dry season from December to April (Rangel-
Ch and Carvajal-Cogollo 2012). The 
average temperature of the place is 27.6 °C, 
and the average relative humidity is 62 %  
(García-Atencia and Martínez-Hernández 
2015). The vegetation is hygrotrophophytic. 
Therefore, during the prolonged dry season, 
the forest completely loses the canopy 
layer. The forest fragment is surrounded 
by areas dedicated to livestock and crops. 
In the vicinity of the fragment, wood coal 
production, wood extraction for firewood, 

and construction lumber for houses, are 
frequent practices (García-Atencia and 
Martínez-Hernández 2015).

Fieldwork

During 2016, two sampling efforts per 
fragment were conducted taking into 
consideration rainfall seasonality (Dirzo et 
al. 2011) which strongly affects arthropod 
activity (Barraza et al. 2010).

In each fragment, four plots of 100 m x 25 m 
were established, separated from each other 
by 200 m. Four points were marked, spaced 
20 m apart where manual capture (MC) and 
sifting of leaf litter (SL) were performed. MC 
involved the intensive search of individuals 
in different places for 10 minutes/man/
day for a total of 50 min/plot. After each 
specimen was captured, descriptive data 
concerning its natural history were recorded. 
In the case of SL, a Winkler bag (Besuchet 
et al. 1987) was used. At each sampling 
place, 10 L of litter was collected, sifted, 
and transported in cloth bags. The extraction 
of pseudoscorpions was performed with 
Winkler bags (Battirola et al. 2017a), 
extraction time lapsed two days. Finally, the 
material was checked in white trays in order 
to capture the remaining specimens with the 
help of forceps and brushes.

Additionally, at each point environmental 
temperature (°C) and relative humidity (%) 
were measured with a thermo-hygrometer 
Extech RH101 and soil temperature with 
an Extech thermometer M0750. The canopy 
cover was measured for each sampling point 
following Strickler (1959). Furthermore, a 
rain gauge was installed in each fragment in 
order to determine the amount of rainfall in 
mm per month.

The collected specimens were stored 
in flasks labeled with ethanol 70 % and 
identified with the taxonomic keys of 
Muchmore (1990), Harvey (1992), Mahnert 
and Adis (2002), Buddle (2010), and 
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Mahnert et al. (2011), using a Leica M125 
stereomicroscope, only adults were included 
in the analyses. The identifications were 
confirmed by comparison with the collection 
of pseudoscorpions at the Instituto de 
Ciencias Naturales (ICN-APs) Bogotá. The 
specimens are registered in the Museum of 
Zoology of the Universidad del Atlántico 
and the Collection of Arachnology-ICN.

Data analyses 

Richness and abundance were recorded 
by technique, location, sampling season 
and fragment. The community structure by 
sampling and fragment was determined by 
means of range-abundance curves (Magurran 
1988). To explore spatial or temporal 
patterns in terms of species composition and 
abundance, a Bray-Curtis similarity matrix 
was made, previous transformation by Log (X 
+ 1), which avoid positive biases, and therefore 
homogenize variances (Zar 1996). The matrix 
was used to perform other three analyses:

First, a cluster analysis by hierarchical 
classification, using the method of grouping 
pairs according to the unweighted arithmetic 
mean (UPGMA), was made with the software 
Primer v6.0 (Clarke and Gorley 2006). This 
technique represents, by means of a graph 
or dendrogram, the similarity between  
the communities of pseudoscorpions in the 
fragments. 

Second, an analysis of similarities 
(ANOSIM) was performed using Primer 
v6.0 (Clarke and Gorley 2006). This 
test determines the statistical support of 
spatial or temporal patterns by comparing 
the variances within and between groups 
(Clarke 1993), thereby allowing for the 
statistical corroboration of whether the 
spatial variation or the temporal observation 
in the dendrogram is statistically significant.

Third, a canonical correspondence analysis 
(CCA) with the package Vegan (Oksanen 
et al. c2018) in R version 3.5.1 (R Core 
Team c2017) was conducted, to determine 
the extent to which abiotic variables such as 
ambient and soil temperature, environmental 
humidity and precipitation, and canopy 
cover may explain the variation of richness 
and abundance of pseudoscorpions by time 
and fragment.

RESULTS

A total of 260 individuals belonging 
to five families and eight species were 
collected with the two methods, of which 
the most abundant was Pachyolpium 
granulatum (Beier, 1954) Olpiidae, with 
119 individuals, followed by Paratemnoides 
nidificator (Balzan, 1888) Atemnidae, with 
73 individuals. The highest abundance was 
found during the rainy season with 147 
individuals, while during the dry season it 
decreased to 113 individuals.

The RLF showed more richness and 
abundance of pseudoscorpions than the 
RCM. However, abundances differed per 
season, RLF had 98 individuals in the dry 
season and 61 in the rainy season, whilst the 
RCM had a higher abundance in the rainy 
season (83 individuals) and decreased in the 
dry season (thirteen individuals) (Table 1).

Richness in the RLF was similar between 
the two seasons with five species each. 
Concerning the composition, there were  
differences in Pachychernes sp. 
(Chernetidae), that was typical of dry season 
and Paratemnoides sp. that was only found 
in the rainy season. Despite differences in 
the abundance, the richness in the RCM 
was almost same between seasons with four 
species in dry and five in rainy seasons. 
Parachernes sp. (Chernetidae) was found 
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only in rainy and Cacodemonius sp., the 
only species of the Withiidae, was typical 
of dry season, the remaining species were 
shared among seasons (Table 1).

The range-abundance curves showed 
similar shape in the RLF-Dry, RLF-Rainy 
and RCM-Dry, with Pachy. granulatum 
as the dominant species, contributing with 
almost half of the total abundance in each 
one. Parat. nidificator exhibited great 
abundances in the fragments too, exceeded 
only by P. granulatum in RLF (Fig. 1). The 
RCM in dry season was completely different 
in shape of latter, this has a little number 
of individuals, therefore there is a major 
equitability in this season, Parat. nidificator 
was the most abundant species followed by 
Cacodemonius sp.

Manual capture (MC) was the most effective 
method with the collection of 56 individuals, 
eleven in dry season and 45 during the rains 
in RCM. In addition, this method achieved 
the greatest richness during the sampling, 
with four species. Sifting of leaf litter (SL) 
method captured 42 individuals, four during 
the dry season and 38 during the rains. 
Pachy. granulatum, was the only species 
found in both seasons with this technique 
(Table 1). In the case of RLF, the greatest 
number of individuals was recorded with 
the SL technique for the two seasons (88), 
although the abundance was distributed 
between two species: P. granulatum with 77 
individuals and Ideobisium sp. (Syarinidae) 
with eleven individuals (Table 1).

Table 1. Richness and abundance of variation of the pseudoscorpions collected in RCM and RLF 
for two seasons. Abbreviations: MC = manual capture, SL = sifting leaf litter, R = richness, N = 
abundance, text within parenthesis after species names refer to abbreviations used in figures. *New 
record for the department.

Family/Species Collection 
number 

RCM RLF
 Total Method/

MicrohabitatDry Rainy Dry Rainy

Atemnidae (R = 2, N = 76)

Paratemnoides nidificator (Balzan, 1888) 
(P. ni) * ICN-APs-675 5 14 33 18 68 MC/Bark

Paratemnoides sp. (Par.sp) * ICN-APs-676 0 0 0 8 8 MC/Bark

Chernetidae (R = 3, N = 39)

Pachychernes sp. (Pa. sp) * ICN-APs-611 0 0 3 0 3 MC/Bark

Parachernes melanopygus Beier, 1959 
(P.me) * ICN-APs-612 2 10 8 1 19 MC/Bark

Parachernes sp. (P.sp)* ICN-APs-677 0 17 0 0 17 MC/Bark

Olpiidae (R = 1, N = 119)

Pachyolpium granulatum Beier, 1954 
(P.gr) * ICN-APs-678 4 38 47 30 119 SL/Leaf litter

Syarinidae (R = 1, N = 11)

Ideobisium sp. (I.sp) * ICN-APs-679 0 0 7 4 11 SL/Leaf litter

Withiidae (R = 1, N = 8)

Cacodemonius sp. (C.sp)* ICN-APs-614 4 4 0 0 8 SL/Leaf litter

Total Richness 4 5 5 5 8

Total Abundance 15 83 98 61 260
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Figure 1. Dominance-diversity curves by fragment-season.

Figure 2. Similarity dendrogram for fragments and seasons applying UPGMA grouping and Bray–
Curtis distance.
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Spatio-temporal variation of 
pseudoscorpions

The similarity in richness and composition 
was greater between seasons of the same 
places (temporal) than between collecting 
sites. The similarity dendrogram showed 
two groups, one corresponds to the dry and 
rainy seasons in RCM and the other to the 
RLF (Fig. 2). However, temporal variation 
in RCM must be highlighted, as we observed 
a greater variation which was represented by 
the lowest percentage of similarity (63 %) 
compared to that obtained for RLF (72 %).

Temporal differences were statistically 
significant between the RLF and RCM 
(ANOSIM, R = 0.42, P = 0.03). However, 
the spatial differences, related with the 
specific species of each fragment (Table 
1) and the variation in the structure of the 
community between the sites (Fig. 1) were 
not significant (R = 0.04, P = 0.36).

The environmental variables exhibited 
notable changes throughout the sampling 
periods, with RCM presenting the largest 
variation during the dry season. During this 
period, no individuals were found in SL, 
this corresponding to the maximum values 
of soil temperature (38 °C) and minimum 
canopy cover (0.16 %) (Table 2). In the rainy 
season, the variables remained uniform over 

time. Canopy cover values were higher, 
and soil temperature was lower (Table 2). 
RLF displayed a similar behavior between 
sampling times, with high values of canopy 
cover which prevented the soil temperature 
from being high and directly affected the 
conditions in the litter.

The species richness and abundance showed 
weak relations with the environmental 
variables measured and none of the variables 
or the axis of the canonical correspondence 
analysis (CCA) were statistically significant 
according to the ANOVA (P > 0.05) (Table 3).  
The first two axes of the CCA (Fig. 3) 
explained 76 % of the variation of the data 
(Table 3). 

The relative abundance of species such 
as Ideobisium sp. and Paratemnoides sp. 
was associated with negative values on 
axis 1, indicating that the abundance of 
these species is favored by high values of 
precipitation, relative humidity, and canopy 
cover, while their abundance declines in 
conditions with high soil and environmental 
temperature.

Cacodemonius sp. showed a direct 
relationship with the high environmental 
and soil temperatures, which indicates 
greater abundance of this species in high 
temperature conditions. Conversely, a 

Table 2. Richness and abundance of pseudoscorpions in the study area and the environmental parameter 
values (min-max, mean, and standard deviation).

Fragment/
Season

RLF RCM

Dry Rainy Dry Rainy

Species 5 5 4 5

Abundance 98 61 15 86

T. (°C) 23.80–31.40
(26.75 ± 2.38)

22.80–29.90
(25.02 ± 1.88)

25.20–37.50
(29.02 ± 4.06)

23.90–32.60
(26.00 ± 1.65)

R.H. (%) 24.60–26.76
(25.56 ± 0.64)

25.70–30.30
(26.20 ± 1.12)

31.00–38.00
(36.66 ± 2.17)

29.00–30.00
(29.17 ± 2.76)

C.C. (%) 66.30–91.60
(83.60 ± 6.26)

80.30–97.70
(91.65 ± 4.83)

53.30–95.20
(79.97 ± 12.77)

77.30–96.50
(90.83 ± 4.64)

S.T. (°C) 72.96–100.00
(87.52 ± 9.28)

81.28–100.00
(95.78 ± 4.70)

0.16–25.12
(12.73 ± 8.77)

62.56–100.00
(88.03 ± 13.28)

R.H. = relative humidity, C.C. = canopy cover, S.T. = soil temperature, T = environmental temperature
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decline in conditions with high precipitation, 
high relative humidity, and greater canopy 
cover. P. granulatum, Parac. melanopygus, 
Pachychernes sp., Parachernes sp., and 
Parat. nidificator showed weak relationships 
(Fig. 3).

DISCUSSION

This research found eight species, included in 
six genera and five families. These faunistic 
data are the first records of pseudoscorpions 
for the departments of Atlántico and Bolívar.
Despite the fragmentation of the DTF in 
these departments, the selected fragments 
harbor a similar diversity to that currently 
reported for the DTF and the surrounding 
ecosystems such as the mangrove forest 
in the department of Córdoba where seven 
and eight species are known respectively 
(Bedoya et al. 2014, 2016). P. granulatum 
was the most abundant species in both 
fragments. This species is reported in DTF 
in the Sucre department and was registered 
with the highest abundance by Bedoya-
Roqueme et al. (2017). This could indicate 
that P. granulatum can physiologically take 
advantage of the conditions of the litter to 
proliferate, as no other species was found 
in this microhabitat in RCM and only 
Ideobisium sp. was found in RLF, albeit in 
very low proportions.

Olpiids are known for their tolerance to 
desiccation and environmental changes 
(Weygoldt 1969), which explain their high 
abundance in various ecosystems such as 
the DTF. The genus Pachyolpium show 
high frequency in Colombia, being the most 
representative taxon in the collection of 
pseudoscorpions in the Instituto de Ciencias 
Naturales (Romero-Ortiz 2017).

The seasonal abundance patterns of 
pseudoscorpions in the RCM are similar 
to reports presented for other groups of 
arthropods from the DTF including those 
of the same locality, such as coprophagous 
beetles (Scarabaeinae) (Barraza et al. 
2010, Rangel-Acosta et al. 2016, Rangel-
Acosta and Martínez-Hernández 2017), 
bugs (Reduviidae) (Román-Garrido et al. 
2016), and spiders (Quijano and Martínez 
2015), which have low abundance during 
the dry season and increase during the rains. 
However, the ANOSIM results showed that 
there is no significative temporal variation 
because the species composition is similar 
(Table 1). 

Additionally, many of the species found 
are of cortical habits and therefore, they are 

Table 3. Percentage of explained variation and variance analysis (ANOVA) for each axis in the 
canonical correspondence analysis (CCA).

Variables CCA 1 CCA 2 CCA 3 CCA 4

Eigenvalue 0.20 0.15 0.09 0.014

Explained variation (%) 43.98 32.04 20.97 3.00

Accumulated variation (%) 43.98 76.02 96.99 99.99

ANOVA axis F = 96.61
P = 0.06

F = 69.83
P = 0.10

F = 63.38
P = 0.21

F = 50.08
P = 0.52

T. (°C) 0.42 –0.43 0.09 0.01

R.H. (%) –0.35 0.46 –0.07 0.00

C.C. (%) –0.27 0.46 –0.14 –0.01

S.T. (°C) 0.45 –0.32 0.20 –0.05

Rainfall (mm) –0.24 0.22 0.25 –0.05

R.H. = relative humidity, C.C. = canopy cover, S.T. = soil temperature, T. = environmental temperature
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not seriously affected by changes related 
to external variables such as soil warming. 
On the other hand, pseudoscorpions have 
showed adaptations to life in environments 
to be subjected to drastic changes in their 
structural conditions (Mahnert and Adis 
1985, Adis et al.1986, Battirola et al. 2017b).

In RCM the structural change in the 
vegetation is evident because canopy cover 
measurements during the dry season are 
zero in many cases. It causes the desiccation 
of litter and high soil temperatures, and 
affects the pseudoscorpions associated 
with this microhabitat. Contrarily, in RLF 
no significant variation in composition or 
structure was found during the sampling 
periods. This is directly related with the 
canopy cover that is not completely lost in 
this fragment during the dry season. So, the 
temperature of the soil has fewer fluctuations 
and the variables remain relatively constant. 
The above statements reinforce the proposal 
of Pinheiro et al. (2013), who suggested that 
arthropod populations should be temporarily 
less variable in places where climatic 

conditions do not undergo sudden changes, 
although this will be directly related to the 
availability of resources during the seasons.

Different researches on the seasonality of 
pseudoscorpions in Amazonian forests in 
Brazil where there is a marked seasonality 
of rainfall, have shown that the abundance of 
pseudoscorpions tends to increase during the 
dry season (Morais 1985, Adis and Mahnert 
1990, 1993, Aguiar et al. 2006), just like in the 
RLF in this study. It is because the soil fauna 
moves slowly to places or refuges in more 
specific microhabitats during times of low 
water availability, which are often sampled 
easier (Eijsackers 2001, Aguiar et al. 2006).

In the study, two litter and five cortical 
species were found, so sampling techniques 
are complementary since most of the species 
occupy a certain microhabitat and were 
not found to be shared. Even though a few 
individuals were obtained with MC, it was 
the sampling method that showed more 
richness. Considering that the cryptic habit 
of the representatives of this order often 

Figure 3. Canonical correspondence analysis (CCA) for the pseudoscorpions diversity and 
environmental parameters measured in field (abbreviations in Table 1).
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makes this type of sampling difficult, it is 
inferred that with greater efforts in MC, the 
observed richness can be increased.

Although some environmental variables 
were positively or negatively related to the 
diversity of some pseudoscorpions species, 
this relationship was not statistically 
significant. The various responses may 
arise from specific biological or ecological 
characteristics or requirements of each of the 
species, as each one may respond differently 
to changes in environmental variables (Adis 
and Mahnert 1993, Aguiar et al. 2006) due 
to the specificity of the microhabitat that 
each species occupies in the ecosystem.

The non-significant relationships with 
environmental variables are similar to these 
found by Bedoya et al. (2016) in mangrove 
ecosystems of the department of Córdoba, 
that did not find any significant relationship 
of these arachnids with the humidity of the 
litter and soil, soil salinity and salinity of the 
flood zones. In the Brazilian Amazon region 
soil moisture has been found to be a key 
factor in the abundance of pseudoscorpions 
because many species tend to dry out easily 
(Weygoldt 1969, Adis and Mahnert 1990, 
1993, Battirola et al. 2017a). However, this 
factor was not considered in the present study.

Relationships between pseudoscorpions and 
environmental variables are frequently not 
clear, as they often show different results 
even in the same place if sampling techniques 
are changed (Aguiar et al. 2006). Therefore, 
although the significance of abiotic variables 
should not be overlooked, it is necessary 
explore the relationship of pseudoscorpions 
with the dynamics of prey and explore 
specific microhabitats such as bird nests, 
and colonies of bee, ants, and termites, as 
these can be home to many endemic and still 
unknown species for science, as well as the 
phoretic behavior that some species have 
displayed (Mahnert and Adis 2002).

Finally, although pseudoscorpions constitute 
a diverse group (Harvey 2002), a low 
number of species was observed. Future 
studies with greater sampling efforts in the 
DTF and considering the diverse ecosystems 
that occur in the Caribbean region will 
increase the knowledge. Yet, the scarcity 
of ecological works with pseudoscorpions 
makes it difficult to establish standards for 
comparison.

AUTHORS PARTICIPATION 

EV and NM Conception and design; EV 
data gathering; EV and CRO taxonomic 
identification; EV and NM analyses; EV, 
NM and CRO manuscript writing and 
approved the final version.

CONFLICT OF INTERESTS

The authors declare that they have no 
conflicts of interest.

ACKNOWLEDGMENTS

The authors thank Esperanza Blanco for 
all the economic support. Also, to Iván 
Mendoza, Leonel Martínez and Karla 
Marimón for their help in the fieldwork and 
valuable comments on manuscript. We are 
grateful with three anonymous reviewers 
who made substantial comments that 
significantly improved the manuscript.

LITERATURE CITED

Adis J, Mahnert V. 1990. On the species 
composition of Pseudoscorpiones (Arachnida) 
from Amazonian dryland and inundation forests 
in Brazil. Rev. Suisse Zool. 97(1):49–53. doi:  
10.5962/bhl.part.79724.

Adis J, Mahnert V. 1993. Vertical distribution and 
abundance of pseudoscorpions (Arachnida) in 
the soil of two different Neotropical primary 
forests during the dry and rainy season. Mem. 
Queensl. Mus. 33(2):431–440.



149

Villarreal et al.

Adis J, Mahnert V, Morais J, Rodrigues J. 
1986. On the natural history and ecology 
of Pseudoscorpiones (Arachnida) from an 
Amazonian blackwater inundation forest. 
Amazoniana 9:297–314.

Aguiar N, Gualberto T, Franklin E. 2006. A 
medium-spatial scale distribution pattern of 
Pseudoscorpionida (Arachnida) in a gradient 
of topography (altitude and inclination), soil 
factors, and litter in a central Amazonia forest 
reserve, Brazil. Braz. J. Biol. 66(3):791–802. 
doi: 10.1590/S1519-69842006000500004.

Barraza J, Montes J, Martínez N, Deloya C. 
2010. Ensamblaje de escarabajos coprófagos 
(Scarabaeidae: Scarabaeinae) del Bosque 
Tropical Seco, Bahía Concha, Santa Marta 
(Colombia). Rev. Colomb. Entomol. 
36(2):285–291.

Battirola LD, Brizzola dos Santos G, Meurer 
E, Castilho ACC, Mahnert V, Brescovit 
AD, Marques M. 2017a. Soil and canopy 
Pseudoscorpiones (Arthropoda, Arachnida) in 
a monodominant forest of Attalea phalerata 
Mart. (Arecaceae) in the Brazilian Pantanal. 
Stud. Neotrop. Fauna E. 52(2):87–94. doi: 
10.1080/01650521.2017.1282210.

 Battirola LD, Rosado-Neto G, Batistella 
D, Mahnert V, Brescovit A, Marques M. 
2017b. Vertical and time distribution of 
Pseudoscorpiones (Arthropoda : Arachnida) in 
a floodplain forest in a in the Brazilian Pantanal. 
Rev. Biol. Trop. 65(2):445–459. doi: 10.15517/
rbt.v65i2.24134.

Bedoya E. 2015. Una nueva especie de 
Paraliochthonius (Pseudoscorpiones: Chthoniidae: 
Tyrannochthoniini) de Colombia. Rev. Iber. 
Aracnol. 26(1):49–54.

Bedoya E, Salleg G, Quirós J. 2014. Primer 
reporte de Pseudoescorpiones (Arachnida: 
Pseudoscorpionida) en el departamento de 
Córdoba, Caribe Colombiano. Rev. Colombiana 
Cienc. Anim. 6(1):177–183. doi: 10.24188/recia.
v6.n1.2014.253.

Bedoya E, Bedoya R, Quirós J. 2015. Primer reporte 
del género Cryptocheiridium (Pseudoscorpiones: 
Cheiriidae: Cheiridiinae) en Colombia. Rev. 
Colombiana Cienc. Anim. 7(1):11–18. doi: 
10.24188/recia.v7.n1.2015.292.

Bedoya E, Salleg G, Quirós A. 2016. Sobre la 
ecología de Pseudoescorpiones (Arachnida: 
Pseudoscorpiones) en bosques de manglar 
del sur del Golfo de Morrosquillo, Caribe 
colombiano. Rev. Iber. Aracnol. 28(1):65–74.

Bedoya-Roqueme E, Pérez-Agudelo M, Quirós-
Rodriguez J. 2017. Aproximación a la fauna de 
pseudoescorpiones (Arthropoda: Arachnida) 
del departamento de Sucre, Caribe colombiano. 
Rev. Colombiana Cienc. Anim. 9(2):181–189. 
doi: 10.24188/recia.v9.n2.2017.555.

Besuchet C, Burckhardt DH, Löbl I. 1987. The” 
Winkler/Moczarski” eclector as an efficient 
extractor for fungus and litter Coleoptera. Coleopt. 
Bull. 41(4):392–394. doi: 10.2307/4008527.

Buddle CM. 2010. Photographic key to the 
Pseudoscorpions of Canada and the adjacent 
USA. Can. J. Arthropod Identif. 10:1–77. doi: 
10.3752/cjai.2010.10.

Castaño Uribe C. 1999. Sierras y Serranías 
de Colombia. Cali, Colombia: Banco de 
Occidente.

Ceballos A, Florez E. 2007. Pseudoescorpiones 
de Colombia (Arachnida: Pseudoscorpiones): 
lista actualizada de especies. Biota Colomb. 
8(1):47–51.

Clarke K. 1993. Non-parametric multivariate 
analyses of changes in community structure. 
Austral Ecol. 18(1):117–143. doi: 10.1111/
j.1442-9993.1993.tb00438.x.

Clarke KR, Gorley RN. 2006. PRIMER V6: 
user manual-tutorial. USA: Plymouth Marine 
Laboratory.

Díaz AC, Barbosa CE, de la Ossa J. 1986. 
Aspectos ecológicos y etológicos de primates 
con énfasis en Alouatta Seniculus (Cebidae), 
de la región de Colosó, Serranía de San Jacinto 
(Sucre), Costa Norte de Colombia. Caldasia 
14(68–70):709–741.

Dirzo R, Young HS, Mooney HA, Ceballos G, 
editores. 2011. Seasonally dry tropical forests: 
Ecology and conservation. Washintong DC: 
Island Press.

Eijsackers H. 2001. A future for soil ecology? 
Connecting the system levels: moving from 
genomes to ecosystems: opening lecture to 
the XIII ICSZ “Biodiversity of soil organisms 
and ecosystem functioning.” Eur. J. Soil 
Biol. 37(4):213–220. doi: 10.1016/S1164-
5563(01)01087-1.

Garcia LF, Gonzalez-Gomez JC, Valenzuela-
Rojas JC, Tizo-Pedroso E, Lacava M. 2016. Diet 
composition and prey selectivity of Colombian 
populations of a social pseudoscorpion. Insect. 
Soc. 63(4):635–640. doi:10.1007/s00040-016-
0505-z.

García-Atencia S, Martínez-Hernández N. 
2015. Escarabajos fitófagos (Coleoptera: 
Scarabaeidae) del Departamento del Atlántico, 
Colombia. Acta Zool. Mex. 31(1):89–96. doi: 
10.21829/azm.2015.311519.



150

Pseudoscorpions of the Dry Tropical Forest

Harvey M. 1992. The phylogeny and classification 
of the Pseudoscorpionida (Chelicerata: 
Arachnida). Invertebr. Syst. 6(6):1373–1435. 
doi: 10.1071/IT9921373.

Harvey M. 2002. The neglected cousins: what 
do we know about the smaller arachnid 
orders? J. Arachnol. 30(2):357–372. doi: 
10.1636/0161-8202(2002)030%5B0357:TNCW
DW%5D2.0.CO;2.

Harvey M. c2013. Pseudoscorpions of the world. 
Pseudoscorpions World Version 30 West 
Aust Mus Perth. [last accessed: 20 Feb 2018]. 
http://www.museum.wa.gov.au/catalogues/
pseudoscorpions.

Hernández-Camacho J. 1992. Vulnerabilidad y 
estrategias para la conservación de algunos 
biomas de Colombia. In: Halffter G, compiler. 
La diversidad Biológica de Iberoamérica I. 
Volumen especial, Acta Zoológica Mexicana, 
nueva serie. Xalapa, México: Instituto de 
Ecología, A.C. p. 191–202.

Lacava M, González-Gómez JC, Valenzuela-Rojas 
JC, Moncayo C, Cardozo L, Tizo-Pedroso E, 
García LF. 2015. New cases of social parasitism 
among pseudoscorpions from Colombian 
populations. Ethol. Ecol. Evol. 28(4):452–461. 
doi: 10.1080/03949370.2015.1077891.

Magurran AE. 1988. Ecological diversity and its 
measurement. Cambridge: University press.

Mahnert V, Adis J. 1985. On the occurrence 
and habitat of Pseudoscorpiones (Arachnida) 
from Amazonian forest of Brazil. Stud. 
Neotrop. Fauna E. 20(4):211–215. doi: 
10.1080/01650528509360691.

Mahnert V, Adis J. 2002. Pseudoscorpiones. 
In: Adis J, editor. Amazonian Arachnida 
and Myriapoda. Sofia, Bulgaria: Pensoft 
Publishers. p. 367–380.

Mahnert V, Iorio O, Turienzo P, Porta A. 2011. 
Pseudoscorpions (Arachnida) from Argentina. 
New records of distributions and habitats, 
corrections and an identification key. Zootaxa. 
2881:1–30.

Morais J. 1985. Abundância e distribuição 
vertical de Arthropoda do solo numa floresta 
primária não inundada. [Thesis]. [Manaus]: 
INPA/FUA.

Muchmore WB. 1990. Pseudoscorpionida. In: 
Dindal D, editor. Soil Biology Guide. New 
York: John Wiley & Sons. p.503–527.

Murienne J, Harvey M, Giribet G. 2008. First 
molecular phylogeny of the major clades of 
Pseudoscorpiones (Arthropoda: Chelicerata). 
Mol Phylogenet Evol. 49(1):170–184. doi: 
10.1016/j.ympev.2008.06.002.

Oksanen J, Blanchet FG, Friendly M, Kindt R, 
Legendre P, McGlinn D, Minchin PR, O’Hara 
RB, Simpson GL, Solymos P, Henry M, 
Stevens H, Szoecs E, Wagner H. c2018. vegan: 
Community Ecology Package. R package 
version 2.5-2. [last accessed: 25 Sep 2018] 
https://CRAN.R-project.org/package=vegan

Pennington RT, Lewis G, Ratter JA. 2006. An 
overview of the plant diversity, biogeography 
and conservation of neotropical savannas and 
seasonally dry forests. In: Pennington RT, 
Lewis GP, Ratter JA, editors. Neotropical 
Savannas and Seasonally Dry Forests: Plant 
Diversity, Biogeography, and Conservation. 
Oxford: CRC Press. p.1–29.

Pinheiro F, Diniz I, Coelho D, Bandeira M. 2013. 
Seasonal pattern of insect abundance in the 
Brazilian cerrado. Austral Ecol. 27:132–136. 
doi:10.1046/j.1442-9993.2002.01165.x.

Pizano C, García H. 2014. El bosque seco 
tropical en Colombia. Colombia: Instituto de 
Investigación de Recursos Biológicos. 

Poinar Jr. GO, Curcic BPM, Cokendolpher 
JC. 1998. Arthropod phoresy involving 
pseudoscorpions in the past and present. Acta 
Arachnol. 47(2):79–96. doi:10.2476/asjaa.47.79.

Quijano C, Martínez H. 2015. Variación temporal 
de la araneofauna (Arachnida: Araneae) en un 
fragmento de Bosque Seco Tropical (BST), en 
el departamento del Atlántico, Colombia. Bol. 
Científico Cent. Mus. Mus. Hist. Nat. 19(2):381–
396. doi: 10.17151/bccm.2015.19.2.24.

Rangel-Ch JO, Carvajal-Cogollo J. 2012. Clima 
de la región Caribe colombiana. In: Rangel-Ch 
JO, editor. Colombia Diversidad Biótica XII 
Región Caribe Colombiano. Bogotá: Editorial 
Universidad Nacional de Colombia. p. 1018.

Rangel-Acosta JL, Blanco-Rodríguez OR, 
Martínez-Hernández NJ. 2016. Escarabajos 
copronecrófagos (Scarabeidae: Scarabeinae) 
en diferentes usos del suelo en la Reserva 
Campesina la Montaña (RCM) en el 
departamento del Atlántico, Colombia. Bol 
Científico Cent. Mus. Mus. Hist. Nat. 20:78–
97. doi: 10.17151/bccm.2016.20.1.7.



151

Villarreal et al.

Rangel-Acosta JL, Martínez-Hernández NJ. 
2017. Comparación de los ensamblajes de 
escarabajos copronecrófagos (Scarabaeidae: 
Scarabaeinae) entre fragmentos de bosque seco 
tropical y la matriz adyacente en el departamento 
del Atlántico-Colombia. Rev. Mex. Biodiv. 
88(2):389–401. doi: 10.1016/j.rmb.2017.03.012.

R Core Team. c2017. R: A language and 
environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, 
Austria. [last accessed: 19 Oct 2017] https://
www.R-project.org/

Román-Garrido MC, Chamorro-Pérez K, Martínez-
Hernández NJ. 2016. Genera of Reduviidae 
(Hemiptera: Heteroptera) in three fragments 
of Tropical Dry Forest (DTF) in the Atlantico 
department, Colombia. Bol. Científico Cent. 
Mus. Mus. Hist. Nat. 20(2):250–272. doi: 
10.17151/bccm.2016.20.2.19.

Romero-Ortiz C. 2015. Revisión Taxonómica 
del Género Neotropical  Apolpium  (Olpiidae: 
Pseudoscorpiones). [Thesis]. [Bogotá]: 
Universidad Nacional de Colombia. 

Romero-Ortiz C. 2017. Pseudoescorpiones 
(Arachnida: Pseudoscorpiones) del nororiente 
andino de Colombia. Biota Colomb. 18(1):198–
205.

Strickler G. 1959. Use of the densiometer to 
estimate density of forest canopy on permanent 
sample plots. PNW Old Series Research Notes. 
180:1–5

Turienzo P, Di Iorio O, Mahnert V. 2010. Global 
checklist of pseudoscorpions (Arachnida) 
found in birds’ nests. Rev. Suisse Zool. 
117(4):557.

Weygoldt P. 1969. Biology of pseudoscorpions. 
Cambridge: Harvard University Press.

Yamamoto T, Nakagoshi N, Touyama Y. 2001. 
Ecological study of pseudoscorpion fauna in the 
soil organic layer in managed and abandoned 
secondary forests. Ecol. Res. 16(3):593–601. 
doi: 10.1046/j.1440-1703.2001.00422.x.

Zar JH. 1996. Biostatistical analysis. Third 
edition. London: Prentice Hall.


	Botón1: 


