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ABSTRACT
The growth of urban landscapes has genarally reduced biodiversity worldwide. Invertebrates have explored different environments, 
and it usually takes different sampling techniques to get a representative sample of the species assemblage in a given location. Some 
studies have sought to determine the minimum necessary number of sampling techniques, including ecological relationships 
or costs to guide the sampling protocol. In the Amazon, the effect of soil characteristics on invertebrate distribution is well 
known. We evaluated if sampling techniques have a complementary effect on the detection of pseudoscorpion assemblages 
and tested whether environmental variables affect the distribution of pseudoscorpion species. The study sites were two urban 
forest fragments in the city of Manaus, in the central Amazon. In each fragment, we sampled 20 palm trees using the beating 
technique, and installed transects with 12 sampling points for collection of soil and litter samples for extraction of arthropods 
in a Berlese funnel and a Winkler extractor, respectively. We collected 267 individuals of 11 species of pseudoscorpions. Most 
records were obtained through the Winkler extraction in both fragments. The assemblage from the palm trees was different 
from that in the edaphic samples. Pseudoscorpion species composition also differed significantly between soil and litter, and 
was influenced by potassium concentration. The number of species in the fragments and the environmental effect on the 
distribution of pseudoscorpions was similar to that recorded in environmental protection areas, evidencing that urban forest 
fragments can serve as an efficient repository of Amazonian pseudoscorpion biodiversity.
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Métodos de amostragem e variáveis ambientais influenciam a distribuição 
de pseudoescorpiões em fragmentos florestais urbanos na Amazônia central
RESUMO
O crescimento das paisagens urbanas geralmente reduziu a biodiversidade em todo o mundo. Os invertebrados exploram 
diferentes ambientes, e geralmente são necessárias diferentes técnicas de amostragem para obter uma amostra representativa 
da assembleia de espécies em um determinado local. Alguns estudos têm buscado determinar o número mínimo necessário 
de técnicas de amostragem, incluindo relações ecológicas ou custos para orientar o protocolo de amostragem. Na Amazônia, o 
efeito das características do solo na distribuição dos invertebrados é bem conhecido. Nós avaliamos se as técnicas de amostragem 
têm um efeito complementar na detecção de assembleias de pseudoescorpiões e testamos se as variáveis ​​ambientais afetam 
a distribuição das espécies de pseudoescorpiões. Os locais de estudo foram dois fragmentos florestais urbanos na cidade de 
Manaus, Amazônia central. Em cada fragmento, amostramos 20 palmeiras com guarda-chuva entomológico e instalamos 
transectos com 12 pontos amostrais para coleta de solo e serrapilheira para extração de artrópodes em funil de Berlese e extrator 
de Winkler, respectivamente. Coletamos 267 indivíduos de 11 espécies de pseudoescorpiões. A maioria dos registros foi obtida 
com Winkler em ambos fragmentos. A assembleia em palmeiras foi diferente das amostras edáficas. A composição de espécies 
de pseudoescorpiões também diferiu significativamente entre solo e serapilheira, e foi influenciada pela concentração de 
potássio. O número de espécies nos fragmentos e o efeito ambiental na distribuição de pseudoescorpiões foram semelhantes aos 
registrados em áreas de proteção ambiental, evidenciando que fragmentos florestais urbanos podem servir como um eficiente 
repositório da biodiversidade de pseudoescorpiões amazônicos. 

PALAVRAS-CHAVE: Funil de Berlese, levantamentos de biodiversidade, guarda-chuva entomológico, floresta tropical, invertebrados, 
extrator de Winkler
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INTRODUCTION
Population growth in recent decades and the consequent 

expansion of cities has converted natural into artificial 
landscapes at an accelerated rate (McKinney 2002; Laurance 
and Engert 2022). The growth of cities often also suppresses 
adjacent landscapes and their associated biodiversity, creating 
environments disconnected from the original forest matrix 
(Fischer and Lindenmayer 2007; McKinney 2008; Laurance 
and Engert 2022), with environmental impacts comparable 
to those of activities such as agriculture and forestry (Simkin 
et al. 2022). These fragmented environments are characterized 
by the isolation of native vegetation patches that are often 
spatially and temporally dynamic (McIntyre et al. 2001; 
McKinney 2002) and associated with low biodiversity 
(Vitousek et al. 1997; McIntyre et al. 2001). Urban landscapes 
are associated with high heterogeneity and can occasionally 
harbor great species diversity, providing relevant information 
to foster discussions on biodiversity management (Savard et 
al. 2000).

In tropical forests worldwide, terrestrial invertebrates 
constitute approximately 94% of the animal biomass (Fittkau 
and Klinge 1973; Ellwood and Foster 2004; Basset et al. 
2012), and invertebrates also have been widely used for 
biomonitoring in aquatic systems (Hawkins et al. 2000). 
However, despite providing valuable indications of changes 
in biological integrity and ecosystem functioning in terrestrial 
environments, invertebrates have been used less frequently by 
environmental agencies in terrestrial biomonitoring (Andersen 
and Majer 2004). 

No sampling technique manages to capture all invertebrates 
present in a given area. Studies on minimum effort to achieve 
sampling sufficiency usually evaluate which technique or 
combination of techniques is most efficient for an inventory 
with an emphasis on records of diversity and abundance of taxa 
(e.g., Garden et al. 2007; Roy et al. 2007). Some studies have 
shown that there may be some redundancy in the concomitant 
use of some sampling techniques (Souza et al. 2012; Porto et 
al. 2016; Tourinho et al. 2014; 2018).

Soil characteristics and vegetation structure are the 
most frequently tested predictors in distribution models of 
edaphic organisms (Costa et al. 2015; Dambros et al. 2020). 
Environmental factors such as soil texture and chemistry 
generate microhabitat variability that can affect the spatial 
distribution pattern of invertebrates at local scales (Mezger 
and Pfeiffer 2011), as has been determined in the Amazon 
for oribatid mites (Moraes et al. 2011), cockroaches (Tarli et 
al. 2014), termites (Dambros et al. 2017), and ants (Souza 
and Araújo 2020; Torres et al. 2020).

Ps e u d o s c o r p i o n s  ( A r t h r o p o d a :  A r a c h n i d a : 
Pseudoscorpiones) are tiny (0.5 to 10 mm), mostly solitary 
arachnids with a low ability to disperse and colonize (Weygoldt 
1969; Harvey 1986; 2002; Adis 2002; Bedoya-Roqueme and 

Tizo-Pedroso 2021), found in several terrestrial environments, 
except the poles (Harvey 2013a). Although pseudoscorpions 
are considered relevant predators and regulators of the density 
of small arthropods in soil and litter (Weygoldt 1969; Adis 
2002), few studies have tested their role as bioindicators 
(Yamamoto et al. 2001). Although the knowledge on the 
taxonomy and ecology of pseudoscorpions is incipient 
(Mahnert and Adis 2002; Adis et al. 2009), some studies have 
detected that physicochemical soil characteristics, temperature, 
vegetation cover and structure affect the distribution and 
predation patterns of pseudoscorpions (Mahnert and Adis 
1985; Aguiar et al. 2006; Adis et al. 2009; Moura et al. 2018). 
Most studies on invertebrate fauna in the central Amazon were 
carried out in Ducke Reserve, a 10,000-ha environmental 
protection area on the outskirts of the city of Manaus (Adis 
2002; Magnusson et al. 2014). Some more recent studies exist 
for other parts of the Brazilian Amazon (e.g., Tourinho et al. 
2019; Demetrio et al. 2021; Souza and Fernandes 2021). 
However, to our knowledge, there is no published study on 
pseudoscorpion species diversity and distribution in urban 
forest fragments in the Amazon.

Our objective was to evaluate the diversity of 
pseudoscorpions in two urban forest fragments in the central 
Brazilian Amazon. Specifically, we aimed to (a) evaluate if 
different sampling techniques have a complementary effect 
on estimates of pseudoscorpion diversity and assemblage 
composition and (b) test whether environmental variables 
are associated with the diversity and distribution of 
pseudoscorpions. For the characterization of richness, 
abundance, and composition of the pseudoscorpions in the 
two fragments, we used different sampling techniques to 
evaluate the diversity in different habitat compartments (soil, 
litter, and understorey vegetation).

MATERIAL AND METHODS
The study was conducted in two highly vulnerable forest 

fragments subjected to constant human action in the city of 
Manaus, the capital of Amazonas state, Brazil. One is located in 
the environs of an oil refinery (Isaac Sabbá Refinery – Reman) 
(03°08’19.5”S, 59°57’27.05”W) and has an area of 0.86 
km2. The other is located on the banks of a stream (Igarapé 
Cururu) in the area of the Marine Operations Battalion of the 
Brazilian Navy (03°07’47.72”S, 59°56’34.20”W), with an area 
of 0.72 km2. Hereafter the fragments are referred as Reman 
and Cururu (Figure 1). Both fragments have a total area of 
1.58 km2. The minimum distance between the sampling 
points and the fragment’s edge was 150 m in Cururu and 
200 m in Reman. In each fragment, twelve sampling points 
approximately 15 m apart were demarcated. Two sampling 
sessions were carried out in each area, in September-October 
2006 and February-April 2007. We used three sampling 
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methods: beating (entomological umbrella), Berlese-Tullgren 
funnel, and Winkler extractor.

The beating technique was used on 20 understorey palm 
trees in each fragment. The palms belonged to Astrocaryum 
ginacanthus Mart. (14 individuals), Bactris simplicifrons Mart. 
(22) and Geonoma Willd (4). These palms accumulate organic 
material between the leaves suspended 0.5 m to 2 m above 
the ground. The beating was carried out for 45 min during 
daytime in each fragment by beating each palm tree 20 times 
with a stick. The collections took place once from September- 
to October 2006 and once from February- to April 2007. We 
used a 1-m2 white fabric attached to a frame placed under the 
bushes to collect the invertebrates that fell from the palms. The 
invertebrates were placed in plastic bottles with 80% alcohol 
and taken to the laboratory for later identification.

For the Berlese method, 12 soil samples were collected in 
each fragment using a 5x5x5cm probe. The samples (without 
litter) were placed in a Berlese-Tullgren funnel with 16 lamps 
(25W; 120V) installed on top as heat sources, one lamp for 
each funnel. Styrofoam plates were drilled to support the sieves 
containing the samples and also to isolate the temperature of 
the upper compartment. In the lower portion, collector cups 
containing 1% formalin and detergent with 4% glycerin were 

placed. After the extraction period (7 days), the material was 
filtered, washed, and deposited in bottles with 80% alcohol. 

For the Winkler method, 12 litter samples were collected 
at the same points of soil sampling in each fragment from a 
bounded area of 1m2. The litter was collected manually and 
placed in a 1-cm2 mesh sieve. In the laboratory, the samples 
were placed in a Winkler extractor for 48 hours for extraction. 
After extraction, the material was deposited in bottles with 
80% alcohol. 

Pseudoscorpion specimens in the samples were identified 
using the keys to families and genera in Harvey (1992) and 
Mahnert and Adis (2002). The identifications were supervised 
and confirmed by Dr. Nair O. Aguiar. The voucher specimens 
were deposited in the Paulo Bührnheim Zoological Collection 
located at the Federal University of Amazonas - UFAM.

We also collected environmental variables related to soil 
(clay content, pH, organic matter, sodium, phosphorus, 
and potassium concentration) due to their influence on 
invertebrates in previous studies in the Amazon region (Aguiar 
et al. 2006; Tarli et al. 2014; Dambros et al. 2017; Souza and 
Araújo 2020; Torres et al. 2020). In each fragment, 12 soil 
samples were collected along the aforementioned transects 
(same points as for Berlese and Winkler samples) using an 
auger. The soil samples were collected up to 10 cm deep after 
removal of the leaf litter and large roots, and were sent to the 
laboratory for analysis of texture and chemical characteristics, 
following the protocols of EMBRAPA (Silva 2009; Teixeira 
et al. 2017).

We calculated the number of species concerning the 
number of collected individuals using Hill numbers (Chao 
et al. 2014; Hsieh et al. 2016). We used observed samples 
to calculate diversity estimates for rarefied and extrapolated 
samples and the 95% confidence intervals. The generated 
curves plot the diversity estimates to the sample size (Chao 
et al. 2012). 

We evaluated the species composition associated with each 
sampling technique in each fragment using cluster analysis 
(Everitt 1980; 1993), based on the Jaccard coefficient of 
similarity. The clustering dendrograms were obtained from the 
similarity matrix, using the unweighted pair-group method 
using arithmetic averages – UPGMA (Sneath and Sokal 1973).

We evaluated the effect of soil variables (clay content, 
pH, organic matter, sodium, phosphorus and potassium 
concentration) on species composition using permutational 
multivariate analysis of variance - PERMANOVA (Anderson 
2001). In the analysis, we also tested whether the two 
fragments and the edaphic sampling techniques (Winkler 
and Berlese) affected species composition. To control for a 
possible pseudo-replication effect of sampling, we include the 
sampling points as a covariate in the model. Environmental 
variables were previously analyzed for their collinearity using 
the Pearson correlation and the correlated variables were 

Figure 1. Location of the two urban forest fragments sampled for pseudoscorpions 
in the city of Manaus, Amazonas, Brazil. This figure is in color in the electronic 
version.
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not included in the model. We tested the effect of the soil 
variables on pseudoscorpion species composition collected 
with the edaphic sampling techniques. We used a stratified 
permutation procedure to keep the nested structure of 
the data (sampling techniques nested in fragments) in the 
PERMANOVA to control for possible spatial autocorrelation 
of the data. The PERMANOVA probability values were based 
on 999 permutations. All analyses were performed in the R 
environment version 4.2.0 (R Core Team, 2022) using the 
vegan 2.6-2 (Oksanen et al. 2022) and iNEXT 2.0.20 (Hsieh 
et al. 2020) packages.

RESULTS
We collected 267 pseudoscorpions belonging to eight 

families and 11 species. In Reman, 10 species of 8 families 
were present, two being exclusive to this fragment. In Cururu, 
we recorded nine species of six families, with one species 
exclusive to this fragment. The rarefaction and interpolation 
curves indicated that the number of species would remain the 
same in Cururu, and Reman would have an addition of one 
species with approximately 200 individuals (Figure 2). In both 
fragments, the largest number of species was collected with 
the Winkler extractor (8), followed by beating and Berlese-
Tullgren (6 each). Beating and Berlese-Tullgren had a unique 
species each. The highest abundance in both areas was also 
recorded with the Winkler extractor, followed by beating 
and Berlese-Tullgren. The results indicate that the edaphic 
techniques, especially the Winkler extractor, sample more 
species and individuals than beating (Table 1). 

In the cluster analysis, beating samples formed a distinct 
group from the other assemblages, thus separating them from 

the edaphic fauna (Figure 3). The next grouping separated 
the Berlese from the Winkler samples. The techniques were 
more efficient in sampling pseudoscorpion assemblages from 
distinct environments than assemblages of different fragments 
(Figure 3).

The sampling techniques influenced species composition 
regardless of the sampled fragment. The species composition 
sampled with Winkler differed significantly from that of 
Berlese (PERMANOVA: F7, 54 = 8.320; R2= 0.12; p < 0.001; 

Figure 2. Diversity curves (rarefied and extrapolated values) and their 95% 
confidence intervals for pseudoscorpion species sampled in two urban forest 
fragments (Reman and Cururu) in Manaus, Amazonas, Brazil. The solid line indicates 
calculated values and, the dashed line indicates extrapolated values. This figure is 
in color in the electronic version.

Table 1. Abundance and richness of pseudoscorpion species by sampling technique in two urban forest fragments (Reman and Cururu) in Manaus, Amazonas, Brazil. 
Values are the number of individuals of each species captured with each of three sampling methods (beating of understory palm trees, Winkler extractor and Berlese-
Tullgren funnel) and overall.

Family Taxon
Reman Cururu

Overall
Beating Winkler Berlese Total Beating Winkler Berlese Total

Chthoniidae
Pseudochthonius homodentatus Chamberlin, 1929 12 3 2 17 2 1 3 20

Tyranochthonius minor Mahnert, 1979 2 1 3 5 5 8

Ideoroncidae Albiorix aff. arboricola 8 1 3 12 5 1 6 18

Syarinidae Ideoblothrus brasiliensis (Mahnert, 1979) 2 14 16 5 7 12 28

Geogarypidae Geogarypus amazonicus Mahnert, 1979 8 8 45 8 53 61

Olpiidae
Apolpium aff. vastum 1 2 3 7 11 18 21

Pachyolpium irmgardae Mahnert, 1979 3 15 18 9 9 18 36

Cheiridiidae Apocheiridium sp. 1 1 1

Atemnidae
Brazilatemnus browni Muchmore, 1975 14 1 15 34 7 41 56

Paratemnoides nidificator (Balzan, 1888) 17 17 17

Chernetidae Parachernes sp. 1 1 1

Total abundance 33 39 22 94 78 79 16 173 267

Richness 6 7 6 10 4 8 4 9 11
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Figure 3. Dendrogram of species composition of pseudoscorpions sampled with 
three sampling techniques in two urban forestfragments in Manaus, Amazonas, 
Brazil. Obtained from the matrix of the Jaccard coefficient of similarity and the 
grouping method UPGMA.

Table 2. Results of PERMANOVA for the effects of soil varibles (clay content, 
pH, organic matter content, potassium concentration), sampling sites, sampling 
techniques, and sampling points within sites on species composition of the 
pseudoscorpions sampled with Winkler extractor and Berlese-Tullgren in two urban 
forest fragments (Reman and Cururu), in Manaus, Amazonas, Brazil. Significant 
values are in bold.

Variable F 
model R2 P 

partial

Clay content 0.4913 0.00695 0.714

pH – 0.1931 – 0.00273 0.989

Organic matter content 2.4537 0.03469 0.056

Potassium concentration 2.9184 0.04126 0.044

Sampling site 0.6970 0.00985 0.567

Sampling technique 8.3195 0.11762 0.001

Sampling point 2.0464 0.02893 0.103

Figure 4. Distribution of pseudoscorpion species relative to soil variables in 12 sampling points in each of two urban forest fragments in Manaus (Amazonas, Brazil) 
sampled with Berlese funnel (A) and Winkler extractor (B).

Table 2; Figure 4). Potassium concentration also affected 
species composition, but with a more moderate effect 
(PERMANOVA: F7, 54 = 2.918; R2= 0.04; p < 0.05; Table 2; 
Figure 4). Among the species collected with the Berlese funnel, 
Ideoblothrus brasiliensis (Mahnert, 1979) tended to have 
greater abundance at low potassium concentrations, while 
Brazilatemnus browni Muchmore, 1975 tended to be more 
abundant at points with higher potassium concentrations 

(Figure 4). The other species were uniformly distributed 
among points or were collected at a single point (Figure 
4a). Among the species sampled with the Winkler extractor, 
Pachyolpium irmgardae Mahnert, 1979 tended to be more 
abundant in soil with lower potassium concentrations, while 
Apolpium aff. vastum, Geogarypus amazonicus Mahnert, 1979, 
and Brazilatemnus browni tended to be more abundant with 
higher potassium concentrations. The other species had an 
approximately uniform distribution or were sampled at a 
single point (Figure 4b). pH, organic matter content, sampling 
site and sampling points within sampling sites did not affect 
the distribution of the pseudoscorpions (Table 2).
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DISCUSSION
Pseudoscorpions are considered a meso-diverse group with 

approximately 3850 species formally described worldwide 
(Harvey 2013a; Benavides et al. 2019). In Brazil, 66 genera 
and 174 species are currently known (Harvey 2013b). In the 
Brazilian Amazon, 65 species of 11 families are known, and 
52 of them occur in the municipality of Manaus, (Mahnert 
and Adis 2002), 18 of which in the Ducke Reserve, a 10,000-
ha primary forest area near Manaus (Aguiar et al. 2006; Adis 
et al. 2009). In a dense tropical rainforest in Coari (central 
Amazon), 15 pseudoscorpion species were recorded in 
understorey palm trees (Aguiar and Bührnheim 2003). Ten of 
the 11 species recorded in our fragments also occur in Ducke 
Reserve. The exception is Apocheiridium sp., which was found 
only in soil samples in Reman. Although urbanization and 
its effects are usually classified as deleterious to biodiversity 
(Vitousek et al. 1997; McIntyre et al. 2001; Laurance and 
Engert 2022), we recorded 11 species of pseudoscorpion in 
urban forest fragments. This corresponds to 60-70% of the 
species richness recorded in tropical rainforest areas without 
anthropic influence and with a much larger sampling effort 
(Aguiar and Bührnheim 2003; Aguiar et al. 2006). A similar 
trend was observed in the same urban forest fragments for 
ground-dwelling ants, with a high richness of genera and 
species compared to surveys carried out in protected forests 
(Souza and Araújo 2020). 

Regardless of the fragment, the Winkler extractor sampled 
the largest number of species (8), while beating recorded 7, 
and Berlese 6. In Ducke Reserve, a combination of manual 
collection and Berlese funnel recorded 10 species of 7 genera 
and 4 families (7 species and 81.5% abundance with manual 
collection, and 8 species with Berlese) (Aguiar et al. 2006). 

The clustering dendrograms grouped the species assemblage 
obtained through beating apart from those obtained through 
the edaphic techniques, suggesting that the pseudoscorpion 
fauna living on vegetation is differentiated from that living on 
the ground. The assemblages sampled with edaphic techniques 
formed more similar yet differentiated groupings, equally 
suggesting some differentiation between pseudoscorpion 
soil and litter fauna. These results highlight the need to use 
more than one sampling technique to obtain representative 
samples of pseudoscorpion fauna. The complementary effect 
of sampling methods has also been observed in other sites 
with a wider variety of phytophysiognomies in the Amazon 
for pseudoscorpions (Aguiar et al. 2006), spiders and 
harvestmen (Tourinho et al. 2014; 2018) and ants (Souza 
et al. 2007; 2012). However, this is the first time that the 
effect of complementarity between sampling techniques has 
been recorded for pseudoscorpions in urban forest fragments. 
The vertical stratification of the invertebrate fauna is quite 
pronounced in some groups (Amorim et al. 2022), so that 

techniques that sample at different heights should probably 
be useful in most cases.

Regardless of the sampled fragments, the species 
composition in our edaphic samples was influenced by the 
potassium concentration in the soil, and varied significantly 
with the sampling techniques, corroborating the results of 
the cluster dendrograms. Environmental variables (slope and 
altitude of terrain) explained 7 to 8% of the variance in the 
distribution of pseudoscorpions in Ducke Reserve (Aguiar 
et al. 2006). Studies with other invertebrates in the Amazon 
have also detected the effect of environmental variables on 
species richness and composition (Oliveira et al. 2009; Souza 
et al. 2009; Gomes et al. 2018; Torres et al. 2020), often 
with subtle effects (Moraes et al. 2011; Franklin et al. 2013; 
Souza and Araújo 2020) as those observed in our study. 
The magnitude of environmental effects may be related to 
the spatial scale of the sampling effort, as the variability of 
certain environmental factors can only be detected across 
larger scales. For instance, while our survey comprised 24 
sampling points in an area of1.58 km2, the survey by Aguiar 
et al. (2006) was carried out in 72 plots in an area of 72 km2. 
Also, environmental complexity increases with the area, 
making ecological interpretation more difficult (May 1994). 
Ecological responses associated with frequently used diversity 
metrics (richness, abundance, and composition) form the 
basis of most biodiversity sampling protocols, therefore it is 
crucial to extend this information to understudied groups 
such as pseudoscorpions.

Urban forest fragments are usually considered 
environments of high vulnerability and low diversity under 
constant anthropogenic impact, and the consequences of 
urbanization are generally harmful to wildlife (Vitousek et al. 
1997; McIntyre et al. 2001; Fischer and Lindenmayer 2007; 
McKinney 2002; 2008; Laurance and Engert 2022; Simkin 
et al. 2022). While the impact of urbanization is comparable 
to high-impact human activities such as agriculture and 
deforestation (Simkin et al. 2022), there also are positive 
effects such as the emergence of new environments that do not 
occur elsewhere (Niemelä 1999; Marshall and Shortle 2005), 
favoring species with colonizing abilities (McIntyre 2000; 
Egerer et al. 2017). In this sense, the small forest fragments 
studied, although located in an inhospitable matrix and distant 
from larger forest areas, still harbor a relevant complement of 
the known pseudoscorpion species in the region.

CONCLUSIONS
Anthropically impacted urban forest fragments still 

maintained a high diversity of the pseudoscorpion fauna 
known for the central Brazilian Amazon. The Winkler 
extractor produced the most diverse and abundant sample, 
although complementarity with other sampling techniques 
provided a better overview of pseudoscorpion diversity in the 
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fragments, especially the method the sampled higher strata. 
The arboreal species assemblage was differentiated from the 
edaphic assemblage (soil and litter). The edaphic assemblage 
was subtly affected by the potassium concentration in the soil, 
suggesting that complex processes act on assemblage structure, 
even in environmentally disturbed sites, highlighting the 
importance of forest fragments for maintaining biodiversity 
in urban areas.

ACKNOWLEDGMENTS
We thank Nair O. Aguiar for the invitation to participate 

in this biological survey, for confirming the identification of 
pseudoscorpion species collected in this study, and for her 
suggestions on preliminary versions of this manuscript. We 
thank the editors and the two reviewers for their comments that 
substantially improve the quality of the manuscript. J.L.P.S. 
was supported by Conselho Nacional de Desenvolvimento 
Científico e Tecnológico - CNPq (PCI/INMA post-doctoral 
scholarship # 302065/2021-0).

REFERENCES 
Adis, J. 2002. Amazonian Arachnida and Myriapoda. Pensoft 

Publishers, Sofia, 590p.
Adis, J.; Franklin, E.; Morais, J.W. 2009. Arachnida. In: Fonseca, 

C.R.V.; Magalhães, C.; Rafael, J.A.; Franklin, E. (Ed.). A 
Fauna de Artrópodes da Reserva Florestal Ducke. Estado Atual do 
Conhecimento Taxonômico e Biológico. Editora INPA, Manaus, 
p.49-58.

Aguiar, N.O.; Bührnheim, P.F. 2003. Pseudoscorpiões (Arachnida) 
habitantes da vegetação do sub-bosque de floresta primária 
tropical de terra firme (Coari, Amazonas, Brasil). Acta Amazonica, 
33: 515-526.

Aguiar, N.O.; Gualberto, T.L.; Franklin, E. 2006. Medium-spatial 
scale pattern distribution of Pseudoscorpionida (Arachnida) in 
a grandient of topography (altitude and inclination) soil factors, 
and litter in a central Amazon forest reserve, Amazonas, Brazil. 
Brazilian Journal of Biology, 66: 29-41. 

Amorim, D.S.; Brown, B.V.; Boscolo, D.; Ale-Rocha, R.; Alvarez-
Garcia, D.M.; Balbi, M.I.P.A.; et al. 2022. Vertical stratification 
of insect abundance and species richness in an Amazonian 
tropical forest. Scientific Reports, 12: 1734. doi.org/10.1038/
s41598-022-05677-y

Andersen, A.N.; Majer, J.D. 2004. Ants show the way down under: 
invertebrates as bioindicators in land management. Frontiers in 
Ecology and the Enviroment, 2:291-298. 

Anderson, M.J. 2001. A new method for non-parametric multivariate 
analysis of variance. Austral Ecology, 26: 32–46. 

Basset, Y.; Cizek, L.; Cuénoud, P.; Didham, R.K.; Guilhaumon, F.; 
Missa, O.; et al. 2012. Arthropod diversity in a tropical forest. 
Science, 338: 1481–1484. 

Bedoya-Roqueme, E.; Tizo-Pedroso, E. 2021. Techniques for 
collection and sampling of pseudoscorpions (Arthropoda: 
Arachnida). In: Santos, J.C.; Fernandes, G.W. (Ed.). Measuring 

Arthropod Biodiversity. Springer Nature Switzerland, Cham, 
p.341-363. 

Benavides, L.R.; Cosgrove, J.G.; Harvey, M.S.; Giribet, G. 2019. 
Phylogenomic interrogation resolves the backbone of the 
Pseudoscorpiones tree of life. Molecular Phylogenetics and 
Evolution, 139: 106509. 

Chao, A.; Gotelli, N.J.; Hsieh, T.C.; Sander, E.L.; Ma, K.H.; Colwell, 
R.K.; Ellison, A.M. 2014. Rarefaction and extrapolation with 
Hill numbers: a framework for sampling and estimation in 
species diversity studies. Ecological Monographs, 84: 45-67. 

Chao, A.; Jost, L. 2012. Coverage-based rarefaction and extrapolation: 
standardizing samples by completeness rather than size. Ecology, 
93: 2533-2547. 

Costa, F.V.; Costa, F.R.C.; Magnusson, W.E.; Franklin, E.; Zuanon, 
J.; Cintra, R.; et al. 2015. Synthesis of the first 10 years of 
long-term ecological research in Amazonian Forest ecosystem 
– implications for conservation and management. Natureza & 
Conservação, 13: 3-14. 

Dambros, C.S.; Morais, J.W.; Azevedo, R.A.; Gotelli, N.J. 2017. 
Isolation by distance, not rivers, control the distribution of 
termite species in the Amazonian rain forest. Ecography, 40: 
1242-1250. 

Dambros, C.; Zuquim, G.; Moulatlet, G.M.; Costa, F.R.C.; 
Tuomisto, H.; Ribas, C.C. et al. 2020. The role of environmental 
filtering, geographic distance and dispersal barriers in shaping the 
turnover of plant and animal species in Amazonia. Biodiversity 
and Conservation, 29: 3609–3634. 

Demetrio, W.C.; Conrado, A.C.; Acioli, A.N.S.; Ferreira, A.C.; 
Bartz, M.L.C.; James, S.W. et al. 2021. A “dirty” footprint: 
Macroinvertebrate diversity in Amazonian anthropic soils. Global 
Change Biology, 27: 4575– 4591. 

Egerer, M.H.; Arel, C.; Otoshi, M.D.; Quistberg, R.D.; Bichier, 
P.; Philpott, S.M. 2017. Urban arthropods respond variably to 
changes in landscape context and spatial scale. Journal of Urban 
Ecology, 3: 1-10.

Ellwood, M.D.F.; Foster, W.A. 2004. Doubling the estimate of 
invertebrate biomass in a rainforest canopy. Nature, 429: 549-51. 

Everitt, B. 1980. Cluster analysis. Quality and Quantity, 14: 75-100. 
Everitt, B. 1993. Cluster Analysis. 3rd ed. Heinemann Educational 

Books Ltd., London. 170p.
Fischer, J.; Lindenmayer, D.B. 2007. Landscape modification 

and habitat fragmentation: A synthesis. Global Ecology and 
Biogeography, 16: 265–280. 

Fittkau, E.J.; Klinge, H. 1973. On biomass and trophic structure of 
the Central Amazonian rain forest ecosystem. Biotropica, 5: 2-14. 

Franklin, E.; Moraes, J.; Landeiro, V.L.; Souza, J.L.P.; Pequeno, 
P.A.C.; Magnusson, W.E.; Morais, J.W. 2013. Geographic 
position of sample grid and removal of uncommon species affect 
multivariate analyses of diverse assemblages: The case of oribatid 
mites (Acari: Oribatida). Ecological Indicators, 34: 172-180. 

Garden, J.G.; McAlpine, C.A.; Possingham, H.P.; Jones, D.N. 2007. 
Using multiple survey methods to detect terrestrial reptiles 
and mammals: What are the most successful and cost-efficient 
combinations? Wildlife Research, 34: 218-227. 



Araújo & Souza. Influence of environment and sampling method on pseudoscorpions

	 206	 VOL. 52(3) 2022: 199 - 207

ACTA
AMAZONICA

Gomes, C.B.; Souza, J.L.P.; Franklin, E. 2018. A comparison between 
time of exposure, number of pitfall traps and the sampling cost 
to capture ground-dwelling poneromorph ants (Hymenoptera: 
Formicidae). Sociobiology, 65: 138–148. 

Harvey, M.S. 1986. The systematics and biology of pseudoscorpions. 
In: Austin, A.D.; Heather, N.W. (Ed.). Australian Arachnology. 
Australian Entomological Society, Brisbane, p.75-85.

Harvey, M.S. 1992. The phylogeny and classification of the 
Pseudoscorpionida (Chelicerata: Arachnida). Invertebrate 
Taxonomy, 6: 1373–1435. 

Harvey, M.S. 2002. The neglected cousins: what do we know about 
the smaller arachnid orders? The Journal of Arachnology, 30: 
357-372. 

Harvey, M.S. 2013a. Order Pseudoscorpiones. In: Zhang, Z.Q. (Ed.). 
Animal biodiversity: an outline of higher-level classification and 
survey of taxonomic richness. Zootaxa, 3703: 34–35. 

Harvey, M.S. 2013b. Pseudoscorpions of the World, version 3.0. 
Western Australian Museum, Perth. (http://museum.wa.gov.
au/cataloguesbeta/pseudoscorpions). Accessed on 04 Dec 2022.

Hawkins, C.P.; Norris, R.H.; Houge, J.N.; Feminella, J. W. 2000. 
Development and evaluation of predictive models for measuring 
the biological integrity of steams. Ecological Applications, 10: 
1456-1477. 

Hsieh, T.C.; Ma, K.H.; Chao, A. 2016. iNEXT: An R package 
for interpolation and extrapolation of species diversity (Hill 
numbers). Methods in Ecology and Evolution, 7: 1451-1456. 

Hsieh, T.C.; Ma, K.H.; Chao, A. 2020. iNEXT: iNterpolation and 
EXTrapolation for species diversity. R package version 2.0.20. 
(http://chao.stat.nthu.edu.tw/blog/software-download/).

Laurance, W.F.; Engert, J. 2022. Sprawling cities are rapidly 
encroaching on Earth’s biodiversity. Proceedings of the National 
Academy of Sciences, 119: e2202244119. 

Magnusson, W.; Lawson, B.; Baccaro, F.; Castilho, C.; Costa, 
F.; Castley, J.G.; et al. 2014. Multitaxa surveys: Integrating 
ecosystem processes and user demands. In: Verdade, L.M.; 
Lyra-Jorge, M.C.; Piña, C.I. (Ed.). Applied Ecology and Human 
Dimensions in Biological Conservation. Springer, Heidelberg, p. 
177-187.

Mahnert, V.; Adis, J. 1985. On the occurrence and habitat of 
Pseudoscorpions (Arachnida) from Amazoniaian forest of Brazil. 
Studies on Neotropical Fauna and Environment, 20: 211-215.

Mahnert, V.; Adis, J. 2002. Pseudoscorpiones. In: J. Adis. (Ed.). 
Amazonian Arachnida and Miriapoda. Pensoft Publishers, Sofia, 
p. 367-380.

May, R.M. 1994. The effects of spatial scale on ecological questions 
and answer. In: Edwards, P.J.; May, R.M.; Webb, N.R. (Ed.). 
Large Scale Ecology and Conservation Biology. Blackwell Science, 
Boston, p. 1-17.

Marshall, E.; Shortle, J. 2005. Using DEA and VEA to evaluate 
quality of life in the mid-Atlantic States. Agricultural and Resource 
Economics Review, 34: 185-203. 

McIntyre, N.E. 2000. Ecology of urban arthropods: A review and 
a call to action, Annals of the Entomological Society of America, 
93: 825–835.

McIntyre, N.E.; Rango, J.; Fagan, W.F.; Faeth, S. 2001. Ground 
arthropod community structure in a heterogeneous urban 
environment. Landscape and Urban Planning, 52: 257- 274. 

McKinney, M.L. 2002. Urbanization, biodiversity, and conservation. 
BioScience, 52: 883–890. 

McKinney, M.L. 2008. Effects of urbanization on species richness: 
A review of plants and animals. Urban Ecosystems, 11: 161–176. 

Mezger, D.; Pfeiffer, M. 2011. Partitioning the impact of abiotic 
factors and spatial patterns on species richness and community 
structure of ground ant assemblages in four Bornean rainforests. 
Ecography, 34: 39-48. 

Moraes, J.; Franklin, E.; Morais, J.W.; Souza, J.L.P. 2011. Species 
diversity of edaphic mites (Acari: Oribatida) and effects 
of topography, soil properties and litter gradients on their 
qualitative and quantitative composition in 64 km2 of forest 
in Amazonia. Experimental and Applied Acarology, 55: 39-63. 

Moura, R.F.; Tizo-Pedroso, E.; Del-Claro, K. 2018. Colony size, 
habitat structure, and prey size shape the predation ecology of a 
social pseudoscorpion from a tropical savanna. Behavioral Ecology 
and Sociobiology, 72, 103. doi.org/10.1007/s00265-018-2518-2

Niemelä, J. 1999. Ecology and urban planning. Biodiversity and 
Conservation, 8: 119-131. 

Oliveira, P.Y.; Souza, J.L.P.; Baccaro, F.B.; Franklin, E. 2009. Ant 
species distribution along a topographic gradient in a “terra-
firme” forest reserve in Central Amazonia. Pesquisa Agropecuária 
Brasileira, 44: 852-860.

Oksanen, J.; Simpson, G. Blanchet, F.G.; Kindt, R.; Legendre, P.; 
Minchin, P.; et al. 2022. Vegan: community ecology package. 
Version 2.6-2.

Porto, W.; Pequeno, P.A.L.; Tourinho, A.L. 2016. When less means 
more: Reduction of both effort and survey methods boosts 
efficiency and diversity of harvestmen in a tropical forest. 
Ecological Indicators, 69: 771–779. 

R Core Team. 2022. R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria. (https://www.R-project.org/).

Roy, D.B.; Rothery, P.; Brereton, T. 2007. Reduced-effort schemes 
for monitoring butterfly populations. Journal of Applied Ecology, 
44: 993–1000. 

Savard, J.P.; Clergeau, P.; Mennechez, G. 2000. Biodiversity concepts 
and urban ecosystems. Landscape and Urban Planning, 48: 
131-142. 

Silva, F.C. 2009. Manual de Análises Químicas de Solos, Plantas e 
Fertilizantes. EMBRAPA, Brasília, 627p.

Simkin, R.D.; Seto, K.C.; McDonald, R.I.; Jetz, W. 2022. 
Biodiversity impacts and conservation implications of urban 
land expansion projected by 2050. Proceedings of the National 
Academy of Sciences, 119: e2117297119. 

Sneath, P.H.A.; Sokal, R.R. 1973. Numerical Taxonomy: The Principles 
and Practice of Numerical Classification. Freeman, San Francisco, 
573p.

Souza, J.L.P.; Araújo, J.S. 2020. Evaluation of sampling techniques 
and influence of environmental variables on ants in forest 
fragments in an oil extraction area in the Amazon. Sociobiology, 
67: 364–375. 



Araújo & Souza. Influence of environment and sampling method on pseudoscorpions

	 207	 VOL. 52(3) 2022: 199 - 207

ACTA
AMAZONICA

Souza, J.L.P.; Baccaro, F.B.; Landeiro, V.L.; Franklin, E.; Magnusson, 
W.E. 2012. Trade-offs between complementarity and redundancy 
in the use of different sampling techniques for ground-dwelling 
ant assemblages. Applied Soil Ecology, 56: 63–73. 

Souza, J.L.P.; Fernandes, I.O. 2021. Do spatial and temporal scales 
affect the efficiency of surrogates in ant monitoring on the 
hydroelectric power-plant area in Brazilian Amazon? Ecological 
Indicators, 121: e107158.

Souza, J.L.P.; Moura, C.A.R.; Harada, A.Y.; Franklin, E. 2007. 
Diversidade de espécies dos gêneros de Crematogaster, Gnamptogenys 
e Pachycondyla (Hymenoptera: Formicidae) e complementaridade 
dos métodos de coleta durante a estação seca numa estação ecológica 
no estado do Pará, Brasil. Acta Amazonica, 37: 649-656. 

Souza, J.L.P.; Moura, C.A.R.; Franklin, E. 2009. Efficiency in inventories 
of ants in a forest reserve in central Amazonia. Revista Agropecuária 
Brasileira, 44: 940-948.

Tarli, V.D.; Pequeno, P.A.C.L.; Franklin, E.; Morais, J.W.; Souza, 
J.L.P.; Oliveira, A.H.C.; Guilherme, D.R. 2014. Multiple 
Environmental Controls on Cockroach Assemblage Structure 
in a Tropical Rain Forest. Biotropica, 46: 598-307. 

Teixeira, P.C.; Donagemma, G.K.; Fontana, A.; Teixeira, W.G. 2017. 
Manual de métodos de análises de solos. EMBRAPA, Brasília, 574p.

Torres, M.T.; Souza, J.L.P.; Baccaro, F.B. 2020. Distribution of 
epigeic and hypogeic ants (Hymenoptera: Formicidae) in 

ombrophilous forests in the Brazilian Amazon. Sociobiology, 
67: 186–200. 

Tourinho, A.L.; Benchimol, M.; Porto, W.; Peres, C.; Storck-
Tonon, D. 2019. Marked compositional changes in harvestmen 
assemblages in Amazonian forest islands induced by a mega dam. 
Insect Conservation and Diversity, 13: 432-444. 

Tourinho, A.L.; Dias, S.C.; Lo Man Hung, N.F.; Bonaldo, A.B.; 
Pinto da-Rocha, R.; Baccaro, F.B. 2018. Optimizing survey 
methods for spiders and harvestmen assemblages in an 
Amazonian upland forest. Pedobiologia, 67: 35–44.

Tourinho, A.L.; Lança, L.S.; Baccaro, F.B.; Dias, S.C. 2014. 
Complementarity among sampling methods for harvestman 
assemblages. Pedobiologia, 57: 37–45.

Vitousek, P.M.; Mooney, H.A.; Lubchenco, J.; Melillo, J.M. 1997. 
Human Domination of Earth’s Ecosystems. Science, 277: 
494–499. 

Weygoldt, P. 1969. The Biology of Pseudoscorpions. Harvard University 
Press, Cambridge, 154p.

Yamamoto, T.; Nakagoshi, N.; Touyama, Y. 2001. Ecological study 
of pseudoscorpion fauna in the soil organic layer in managed and 
abandoned secondary forests. Ecological Research, 16: 593-601.

RECEIVED: 09/02/2022 
ACCEPTED: 03/07/2022
ASSOCIATE EDITOR: Fabrício Baccaro

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.


