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bstract

The diversity of anthropogenic spiders in the city of Chilpancingo, Guerrero, Mexico was studied using a systematized collection method in 4
ampling zones: urban with a garden, urban without a garden, suburban, and rural. The total species richness was 63 morphospecies, 49 genera
nd 21 families. The family Theridiidae had the highest diversity (22 species). The total abundance of spiders was 4,120 individuals, with the
ighest abundance in the urban zone with a garden (1,163 individuals). The most abundant species were: Physocyclus  globosus  (1,998 individuals)
Pholcidae), Oecobius  navus  (1,388) (Oecobidae), Nesticodes  rufipes  (313) (Theridiidae), Filistatoides  sp.1 (83) (Filistatidae), and Dictyna  jacalana
52) (Dictynidae). The abundance of spiders found on the first story of the 16 sampled houses was higher than the abundance of spiders found
n the second one. The morphospecies richness was higher for spiders from the first story than those from the second one and higher in the rainy
eason than in the dry season. The highest diversity of spiders was found in the urban zone with a garden, both in the rainy and dry seasons. Based
n the Morisita–Horm index, the urban zone with a garden and the suburban zone were the most similar in terms of spider diversity. The species
ccumulation curves are still a useful tool to evaluate sampling quality and compare inventories of mega-diverse groups, such as spiders.
ll Rights Reserved © 2015 Universidad Nacional Autónoma de México, Instituto de Biología. This is an open access item distributed under the
reative Commons CC License BY-NC-ND 4.0.
eywords: Abundance; Anthropogenic; Ecology; Diversity; Urbanization

esumen
Se estudió la diversidad de arañas antropogénicas de la ciudad de Chilpancingo, Guerrero, México, usando un método de recolecta sistem-
tizado en 4 zonas de muestreo: urbana con jardín, urbana sin jardín, suburbana y rural. La riqueza total de especies fue de 63 morfoespecies,
9 géneros y 21 familias. Theridiidae fue la familia con la mayor diversidad (22 especies). La abundancia total de arañas fue de 4,120 indi-
iduos, con la mayor abundancia en la zona urbana con jardín (1,163 individuos). Las especies más abundantes fueron: Physocyclus  globosus

esticodes  rufipes  (313) (Theridiidae), Filistatoides  sp.1 (83) (Filistatidae),
e las 16 casas muestredas fue estadísticamente más alta que la del segundo.
1,998 individuos) (Pholcidae), Oecobius  navus  (1,388) (Oecobidae), N
 Dictyna  jacalana  (52) (Dictynidae). La abundancia del primer piso d
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a riqueza de morfoespecies fue más alta en el primero que en el segundo piso. La diversidad más alta de arañas fue encontrada en la zona urbana
on jardín, tanto en la temporada de lluvias como en la temporada seca. Basados en el índice de Morisita–Horn, la zona urbana con jardín y la zona
uburbana tuvieron la más alta similitud en términos de diversidad de arañas. Las curvas de acumulación de especies siguen siendo una herramienta
til para evaluar la calidad del muestreo y comparar inventarios de grupos megadiversos, como es el caso de las arañas.

erechos Reservados © 2015 Universidad Nacional Autónoma de México, Instituto de Biología. Este es un artículo de acceso abierto distribuido
ajo los términos de la Licencia Creative Commons CC BY-NC-ND 4.0.

alabras clave: Abundancia; Antropogénico; Ecología; Diversidad; Urbanización

ntroduction

Synanthropic species are those able to adapt to a variety of
uman activities to ensure their growth, often extending their
atural distribution into habitats such as houses, farms, gardens,
oadsides, and garbage dumps (Di Castri, Hansen, & Debussche,
990). Urbanization is associated with a variety of effects, such
s pollution, drainage, watercourse diversion, and fragmenta-
ion and habitat loss may decrease, extinguish or allow the
xpansion of certain groups (McIntyre, 2000). However, arthro-
ods in urban systems can be species rich, because of local
onditions, and temperature, humidity and available resources
etermine their distribution in the urban environment, in some
ases limiting their abundance (Melic, 1997; Robinson, 2005).
rimarily, anthropogenic activities have favored certain habitats
nd colonization by particular groups of arthropods, promoting
ot only their abundance but also their diversity.

Despite the fact that accelerating urbanization is considered
ne of the main causes of biodiversity loss, it is unknown whether
he changes caused by urbanization similarly affect biodiver-
ity worldwide (Magura, Tóthmérész, Hornung, & Horváth,
008). Thus, the study of arthropod populations in urban envi-
onments is important to determine the influence of urbanization
n these organisms (Magura et al., 2008). One of the most
iverse arthropod groups is spiders. They are distributed world-
ide and have colonized every ecological environment, except

he open ocean, the Arctic and Antarctica. There are even
pecies found in semi-aquatic environments (Foelix, 2011;
obinson, 2005; Spagna, Crews, & Gillespie, 2010). Spiders
omprise 45,618 species worldwide (World Spider Catalog,
015), being the second most diverse order of arachnids after
ites (Coddington & Colwell, 2001; Coddington & Levi, 1991;
rancke, 2014). Many of them have successfully adapted to
rban areas, because some aspects of their biology give them
n advantage for transitioning from natural, wild or semi-wild
abitats to urban environments, colonizing new habitats cre-
ted by humans (Desales-Lara, Francke, & Sánchez-Nava, 2013;
urán-Barrón, Francke, & Pérez-Ortiz, 2009). Additionally, spi-
ers are predators (Coddington & Levi, 1991; Foelix, 2011) that
elp stabilize insect populations (Foelix, 2011).

Studies of urban spiders have been conducted in various
arts of the world. Guarisco (1999) recorded 74 species of
ynanthropic spiders in Kansas, United States. In Europe, Urák
2005) cited 2 invasive species in Romania, and Kostanjšek and

in 3 cities in Bahia with different degrees of urbanization, and
Melo et al. (2010) recorded 170 species and morphospecies of
spiders in the city of Salvador in the Brazilian Atlantic Forest,
which is under pressure from urbanization. In the Caribbean,
Armas (2003) recorded 31 species of spiders inside and outside
of a single house in San Antonio de los Baños, Havana Province,
Cuba.

In Mexico, Jiménez (1998) recorded 42 species of spiders for
the interior and exterior of 32 houses in La Paz, Baja California
Sur; Durán-Barrón et al. (2009) recorded 63 species of spiders
associated with human housing in México City and State of
Mexico, and Desales-Lara et al. (2013), recorded 28 species and
13 morphospecies of spiders in the municipality of Toluca, State
of Mexico. The latter study used a systematized method to collect
spiders inside houses considering 4 environments with different
degrees of urbanization and demonstrated that spider diversity
is higher in houses with gardens in an urban environment.

The goal of this work was to study the diversity of spiders
in different degrees of urbanization in the city of Chilpancingo
to answer the following questions: (1) Which of the species
of spiders are found in the urban, suburban and rural zones?
(2) What is the diversity and abundance of spiders in these zones?
(3) Is there seasonal variation in the diversity and abundance
of spiders? (4) Are there any differences in spider
abundance between the first and the second levels of the houses?

Materials  and  methods

The city of Chilpancingo de los Bravo is the capital of the
state of Guerrero, Mexico, located centrally between 17◦33′00′′
N, 99◦30′04′′ W, with an elevation of 1,253 m above sea level.
The native vegetation type is deciduous tropical forest in the
lowlands and Quercus  sp. forest in highland zones with different
levels of succession. There are 2 types of climate: climate (A)C
(w0) (semi-warm humid with rain in summer), with an annual
temperature between 18 ◦C and 22 ◦C, and a temperature for
the coldest month greater than 18 ◦C; and climate Aw1  (warm
humid with rain in summer) with an average annual temperature
greater than 22 ◦C and the temperature of the coldest month is
greater than 18 ◦C (García, 2004).

Zone categorization was accomplished according to the law
of Municipal Cadastre of Guerrero No. 676, issued in 2007,
which divides the city into 3 zones: urban, suburban and rural.
For this study, we categorized 4 sampling zones: urban with
elestina (2008) recorded 4 species of urban spiders in Slovenia.
here are several studies of synanthropic spiders from Brazil.
razil et al. (2005) recorded 13 species and 17 morphospecies

a
l
e

 garden, urban without a garden, suburban, and rural. We fol-
owed the systematized collecting method used by Desales-Lara
t al. (2013), with some modifications. For each of the sampling
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Urban zone with garden

Urban zone without garden

Suburban zone

Rural zone

City of Chilpancingo

Mexico

N
Guerrero

Chilpancingo

2 km

Figure 1. Location of the sampled houses for each categorized zone in the city
of Chilpancingo de los Bravo, Guerrero, Mexico. Circles represent the ratio of
the radius where the sampling zones were located in relation to the center of the
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50.7% of the morphospecies, followed by Thomisidae (9.5%)
ity. Taken and modified from Geostatistical urban mapping, Economic Census
009, Denue, March 2011, Inegi, 2012.

ones, 4 houses were sampled, with the exception of the urban
one where 4 additional homes with gardens were chosen to
etermine whether a garden increases the presence and diver-
ity of spiders. For each sampling zone, 2 houses of 2 stories
nd 2 houses of 1 story were selected. In total, 16 houses were
ampled (Fig. 1).

Sampling was conducted from July 2013 to May 2014 with a
otal of 6 sampling times: 3 in the rainy season (July, September,
nd November of 2013) and 3 in the dry season (January,
arch and May of 2014). The sampling effort was 100 min

by the same 2 people) for each of the 16 houses (40 min per
tory) and 20 min outside: garden, walls and courtyard. The
pecimens were collected manually using forceps and placed in
ials and jars of 80% ethanol with their complete collecting data
locality, date, house number, geographical coordinates, altitude,
nd names of collectors). The specimens were deposited in the
olección Nacional de Arácnidos (CNAN), Institute of Biol-
gy, UNAM, México City. All samplings occurred during the
ay between 9 and 18 h. Specimen identification was performed
ith a Nikon SMZ645 stereoscopic microscope. For identifying

amilies and genera, the identification keys of Ubick, Paquin,
ushing, and Roth (2005) were used. For species identifica-

ion, specialized literature was used. The female epigyna and
he males palpi of adult specimens were dissected, and 10%
OH was used to remove the soft internal tissue of the epigyna.

ata  analysis

To measure specific biodiversity based in the unifor-
ity importance values across all species in the sample,
he Shannon–Wiener’s diversity index (H′) was used.
hannon–Wiener’s diversity index was determined with the soft-
are Paleontological Statistics (PAST) v2.08 (Hammer, Harper,

a
f
C
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 Ryan, 2001). To determine the similarity among communi-
ies, the Morisita–Horn index (MH) was used (Moreno, 2001).
he software Statistical Package for the Social Sciences (SPSS)
15.0 (Norman, Nie, Hull, & Bent, 1968) was used to analyze the
bundance data, and the Shapiro–Wilk normality test was imple-
ented to determine the data distribution; if the values were

ormally distributed (p  > 0.05), a parametric one-way analysis
f variance (ANOVA) was applied, but if the values were not nor-
ally distributed (p  > 0.05), the nonparametric Kruskal–Wallis

est was applied. These tests were used to determine whether
here were significant differences among the abundances of
ales, females and juveniles, and spider abundances between the
rst and second stories of the houses (considering only the indoor
amples). Using PAST v2.08, a repeated-measure ANOVA was
pplied to determine whether there were significant differences
mong the abundances by sampling periods. To evaluate the
uality and total sampling effort, we applied a species accu-
ulation curve for each categorized zone, for each season, and

or the total. The data matrix was created based on the total
umber of sampled houses (16) and the total abundance of
ach species. Sampling efficiency was estimated with EstimateS
Statistical estimation of species richness and shared species
rom samples version) 9.1.0 (Colwell, 2013). Using EstimateS,
he non-parametric richness estimators Chao1 and Chao2 were
pplied to assess species sampling. These 2 non-parametric esti-
ators were selected because the normality assumption was not

atisfied. For the diversity settings, we applied 1,000 randomiza-
ions of sample order. A nonlinear estimation was implemented
sing the statistical software STATISTICA v12 (StatSoft, 2014).
o model the relationship between sampling effort and the num-
er of species found, the Clench equation was implemented
Fagan & Kareiva, 1997; Moreno & Halffter, 2000). To adjust
he nonlinear estimation, the Hooke–Jeeves and Quasi-Newton
terative algorithm was used (StatSoft, 2014). To evaluate the
djustment of the data functions (rate of increase of new species
nd the shape of the curve), the coefficient of determination
R2) was calculated. The slope of a tangent to the curve was
alculated to assess sampling quality using the derivative of
he Clench equation: slope (at a point n) = a/(1 + (b  ×  n))2, in
hich a and b  are the function parameters obtained (Jiménez-
alverde & Hortal, 2003). Additionally, to assess sampling
uality, the proportion of recorded spiders was calculated using
he function parameters obtained with the Clench equation
nd the observed species richness: Sobs/(a/b) (Jiménez-Valverde

 Hortal, 2003).

esults

pecies  richness

The richness of spiders associated with houses in the city of
hilpancingo was 63 morphospecies, 49 genera and 21 fami-

ies (Table 1). The families Theridiidae and Salticidae made up
nd, Lycosidae (7.9%); the another 15 families only accounted
or 31.9% of the total richness. These families were: Araneidae,
aponiidae, Corinnidae, Dictynidae, Filistatidae, Linyphiidae,
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Table 1
Spider morphospecies recorded for each sampling zone in houses in
Chilpancingo, Guerrero, Mexico.

Family Genus Morphospecies 1 2 3 4

Araneidae aMastophora  sp. 1 *

Caponiidae aCalponia  sp. 1 *

Corinnidae aCastianeira  sp. 1 * * *

Dictynidae Dictyna  jacalana * * * *

Filistatidae Filistatoides sp. 1 * * *

Linyphiidae Tmeticus  sp. 1 *

Liocranidae Agroeca  sp. 1 *

Lycosidae Allocosa  subparva *

Allocosa  utahana *

aGenus 1 sp. 1 * *

aGenus 2 sp. 1 *

aGenus 3 sp. 1 *

Nephilidae aNephila  clavipes * * *

Nesticidae Eidmannella  sp. 1 * *

Oecobiidae Oecobius  navus * * * *

aOecobius  sp. 2 *

Oxyopidae Oxyopes  acleistus *

Philodromidae aTibellus  sp. 1 * *

Pholcidae Physocyclus  globosus * * * *

Crossopriza  lyoni *

Salticidae aChalcoscirtus  sp. 1 * * *

Corythalia  sp. 1 * * * *

Corythalia  opima * * *

Habronattus  cambridgei *

Hasarius  adansoni * * * *

Plexippus  paykulli * *

Sassacus  sp. 1 * * * *

Sassacus  sp. 2 *

Sitticus  palpalis *

aGenus 1 sp. 1 *

Scytodidae Scytodes  fusca * * * *

Sicariidae aLoxosceles  sp. 1 *

Tetragnathidae Leucauge  aurostriata *

Theridiidae Coleosoma  floridanum *

Coleosoma  normale * *

Euryopis  sp. 1 *

Latrodectus  geometricus * * *

Latrodectus  mactans * *

aNeottiura  sp. 1 *

Nesticodes  rufipes * * * *

Nesticodes  sp. 1 *

Parasteatoda  tesselata * *

Tidarren  mixtum * *

Tidarren  sisyphoides * * * *

aTidarren  sp. 1 * * *

aTheonoe  sp. 1 *

Theridion  sp. 1 *

Thymoites  sp. 1 *

Thymoites  sp. 2 *

aGenus 1 sp. 1 *

aGenus 2 sp. 1 * *

aGenus 3 sp. 1 *

aGenus 4 sp. 1 *

aGenus 5 sp. 1 *

aGenus 6 sp. 1 *

Thomisidae Misumenoides  quetzaltocatl *

aMisumenoides  sp. 1 *

aMisumenoides  sp. 2 *

Misumenoides  sp. 3 *

aSynema  sp. 1 *

Xysticus  paiutus *

Uloboridae aPhiloponella  sp. 1 * *

aPhiloponella sp. 2 * *

1 = Urban zone with a garden; 2 = urban zone without a garden; 3 = suburban
zone and 4 = rural zone.

* Presence of spiders.
a Juvenile specimens.

L
d
(

t
1
d
o
t
d
p
o

r
(
p
(
(
n
1
S
n
f
m
c
t
m
g
d
a
s
t

f
t
d
n
s
s
e

h
t
(
z
t
t
F
r
r
s
(
z

S
s
H

ana de Biodiversidad 86 (2015) 962–971 965

iocranide, Nephilidae, Nesticidae, Oxyopidae, Philodromi-
ae, Pholcidae, Scytodidae, Sicariidae, and Tetragnathidae
Fig. 2).

Concerning the quality and total sampling effort in the houses,
he coefficient of determination R2 = 0.99209, which is close to
, indicates that there was a good fit of the Clench model to the
ata. The slope value of the species accumulation curve based
n the derivative of the Clench equation, the slope was >0.1, in
his case 1.4290, indicating that the species accumulation curve
id not reach an asymptote (Fig. 3). However, the calculated
roportion of registered spiders was 0.644, indicating that 64.4%
f the expected species in the sampling were collected.

The morphospecies richness per zone was greater in the
ural zone (42 morphospecies), followed by the suburban zone
28 morphospecies), the urban with a garden zone (26 mor-
hospecies), and finally the urban without a garden zone
21 morphospecies). The widely distributed morphospecies
present in all 4 zones) were: Physocyclus  globosus, Oecobius
avus, Nesticodes  rufipes, Tidarren  sisyphoides, Corythalia  sp.
, Dictyna  jacalana, Hasarius  adansoni, Sassacus  sp. 1 and
cytodes  fusca  (Table 1). Table 2 shows the morphospecies rich-
ess per month. A total of 94 morphospecies, 43 genera, and 19
amilies were recorded in the rainy season, with the greatest
orphospecies richness in the families Theridiidae (20), Salti-

idae (8), Lycosidae and Thomisidae (5 morphospecies each). In
he dry season, the morphospecies richness was lower, with 48

orphospecies, 24 genera and 12 families. The families with the
reatest morphospecies richness were: Theridiidae (10), Saltici-
ae (6), and Pholcidae (2), in addition to the families Sicariidae
nd Caponiidae, with 1 morphospecies each (Loxosceles
p. 1 and Calponia  sp. 1 respectively) that were not collected in
he rainy season.

Concerning the quality and sampling effort in the houses
or the dry and the rainy seasons, based on the derivative of
he Clench equation, the slope value was >0.1, (rainy = 1.3859,
ry = 0.4737), indicating that the species accumulation curve did
ot reach an asymptote. The calculated proportion of registered
piders for the rainy season was 0.64 and 0.73 for the dry sea-
on. These results indicate that 61% and 73% respectively of the
xpected species for each season were collected.

Table 3 shows the morphospecies richness per story of the
ouse for each season. In the rainy season, for the first story,
he greatest richness was found in suburban and rural zones
9 morphospecies each), and the least richness was in the urban
one without a garden (5 morphospecies). For the second story,
he greatest richness was in the rural zone (8 morphospecies), and
he least richness was in the suburban zone (4 morphospecies).
or the dry season, the greatest richness for the first story was
ecorded in the suburban zone (5 morphospecies), and the least
ichness occurred in the rural zone (3 morphospecies). For the
econd story, the greatest richness occurred in the rural zone
5 morphospecies), whereas the lowest richness was in the urban
one with a garden (2 morphospecies).
Based on Shannon t  test (Hutcheson, 1970), the
hannon–Wiener index was significantly higher in rainy
eason (H′ = 1.493) than in dry season (H′ = 1.368), (p  = 0.001).
owever, the Shannon–Wiener index values for the rural zone
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Figure 2. Percentage of morphospecies richness (S) of spiders per family recorded in houses, Chilpancingo, Guerrero, Mexico.

Table 2
Seasonal morphospecies richness (S) of spiders recorded in houses in Chilpancingo, Guerrero, Mexico.

Rainy season Dry season

July September November January March May

S
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pecific richness (number of morphospecies) 38 35 

otal (per season) 94 

n the rainy season (H′ = 1.405) and for the urban zone with

 garden in the dry season (H′ = 1.342) were not statistically
ifferent in both zones (p  = 0.189) (Table 4). Concerning
iversity, the Morisita–Horn index (MH) indicated that the
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ere more similar than the other zones (Table 5).

otal  abundance

A total of 4,120 spiders (320 males, 767 females and 3,033
uveniles) were recorded. Juvenile specimens of spiders are typ-

cally not identified to species because the adult genitalia are
equired to confirm the identification. The total abundance per
one was: 1,163 spiders for the urban zone with a garden, 1,010

able 3
pecific richness (S) of morphospecies in the 1st and 2nd levels of housing,
orresponding to the rainy and the dry season.

pecific richness (S)
er sampling zones

Rainy season Dry season

1st level 2nd level 1st level 2nd level

rban zone with a garden 7 7 4 2
rban zone without a garden 5 5 4 4
uburban zone 9 4 5 3
ural zone 9 8 3 5
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Table 4
Total specific richness (S) of spiders and diversity index for each sampling zone
in the rainy and the dry seasons.

Rainy season Dry season

S H′ S H′

Urban zone with a garden 21 1.359 15 1.357
Urban zone without a garden 18 1.256 9 1.119
Suburban zone 25 1.186 10 1.074
Rural zone 34 1.405 21 1.342

S = specific richness; H′ = Shannon index. Bold numbers indicate the highest
values.

Table 5
Diversity similarity among sampling zones based on the Morisita–Horm’s (MH)
similarity index.

Urban zone
with a
garden

Urban zone
without a
garden

Suburban
zone

Rural
zone

Urban zone with a
garden

Urban zone without a
garden

0.81

Suburban zone 0.95 0.74
R
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ural zone 0.92 0.70 0.73

old number indicates the highest value.

or the urban zone without a garden, 1,004 for the suburban zone,
nd 943 for the rural zone. The Kruskal–Wallis test (x2 = 14.36,
f = 2, p = 0.01) indicated that there were significant differences
etween the abundances of males, females and juveniles, with
he juveniles considerably more abundant. A list of all species
ecorded and their abundance is provided in the Appendix. The
ost abundant species were: P.  globosus  (1,998 individuals)

Pholcidae), O.  navus  (1,388 individuals) (Oecobiidae), and N.
ufipes (313 individuals) (Theridiidae).

A total of 2,430 spiders were recorded in the rainy season:
94 males, 519 females and 1,717 juveniles. In the dry sea-
on, the abundance was 1,690 spiders: 126 males, 248 females,
nd 1,316 juveniles (Table 6). The repeated-measure ANOVA
F = 6.32, df = 23, p = 0.002) indicated statistically significant
ifferences between the abundance by sampling periods, with
ovember being the sampling period with the highest abundance

Table 6).

To compare the abundance of spiders between the first and

he second levels of the houses, only 8 houses (those with
 stories) were considered. A total of 1,244 individuals for the

I
b
n

able 6
easonal abundance of spiders registered in houses by sampling period.

Rainy season 

July September 

rban zone without a garden 131 180 

rban zone with a garden 203 212 

uburban zone 226 245 

ural zone 149 196 

otal 709 833 
ana de Biodiversidad 86 (2015) 962–971 967

rst floor and 701 individuals for the second floor were recorded.
he abundance of the first floor of the house was significantly
igher than the abundance of the second floor (F  = 17.7, df = 1,

 = 0.02).

iscussion

pecies  richness

Compared to the study by Desales-Lara et al. (2013) anthro-
ogenic spiders in Toluca, State of Mexico, where 41 species
ere recorded using a systematized collecting method, we

ecorded more (22) morphospecies. Other studies conducted in
exico where spiders have been collected in houses without

sing a systematic collection method have also found similar
esults. In México City, Durán-Barrón et al. (2009) found a
otal richness of 63 morphospecies, 52 genera, and 25 families,
nd Jiménez (1998), in La Paz, Baja California Sur, Mexico,
ecorded 42 species, 35 genera in 22 families. The reason
or the differences in species richness for the various studies
ould be the different physical and biological characteristics
f each area, such as vegetation type, climate, or a combina-
ion of factors, because each zone has unique environmental
onditions. Teixeira-de-Souza and de Souza-Módena (2004)
emonstrated that vegetation complexity and even variation
n inflorescence characteristics can influence spider distribu-
ion, thereby increasing the range and quality of microhabitats
vailable for spiders. Another important factor causing richness
ifferences between the studies may be that different collecting
ethods and sampling efforts were employed in each study.
or example, Desales-Lara et al. (2013) sampled 12 homes
unique systematic method), Durán-Barrón et al. (2009) sampled
09 homes, Jiménez (1998) sampled 32 homes for a period of
1 months (monthly collecting), and Guarisco (1999) conducted

 literature search and reviewed biological collections.
The rural zone had the highest species richness, possi-

ly because of its proximity to the native vegetation around
hilpancingo and lower levels of anthropogenic disturbance
ompared to the other sampling zones where anthropogenic
ctivity has already occurred. Pristine vegetation provides dif-
erent habitats types and shelters for spiders, and orb-weaving
pider species diversity is highly significantly correlated with
barra-Núñez, 2006). These results contrast to those obtained
y Desales-Lara et al. (2013) who found that the highest rich-
ess occurred in the urban zone with a garden. However, the

Dry season

November January March May

252 177 149 121
264 210 143 131
169 126 102 136
203 190 95 110

888 703 489 498
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nvironmental characteristics of each of the study zones dif-
er: the municipality of Toluca, State of Mexico, comprises pine
nd oak forests, with a humid temperate climate with summer
ains and dry winter. The city of Chilpancingo is surrounded
y tropical deciduous forest with a predominant semi-warm
umid climate with summer rains. Pinkus-Rendón et al. (2006)
emonstrated that relatively pristine habitats, such as the tropical
eciduous forest in southeastern Mexico, contain an important
roportion of spider diversity in fragmented landscapes.

The data indicate that the highest species richness occurred in
he rainy season, with the highest diversity in July. This suggests
hat species richness is influenced indirectly by increased precip-
tation: flowering and vegetation growth is promoted, providing
ood for insects, the primary prey of most spiders (Valdez-

ondragón, 2006).
The highest diversity in the urban zone with a garden in dry

eason and in the rural zone in rainy season (Table 4) showed
hat both locations may accommodate spiders living in the for-
st and spiders living in urban habitats, because both zones are
mportant for spiders. The Morisita–Horm’s similarity index
howed a high similarity in the spider diversity in these 2 zones
MH = 0.92) (Table 5), which is explained also by the similar-
ty between diversity indexes that statistically were the same
etween both zones. Therefore, the importance of gardens or
ild plants or ornamental plants in urban zones favor the pres-

nce of insects that serve as the potential prey of spiders, thus
romoting diversity and species richness associated with these
nvironments.

Concerning the species richness was higher on the first
tory than the second story, the first story usually contains
he principal entrance, and therefore is the first area that spi-
ers colonize (Desales-Lara et al., 2013). Furthermore, places
uch as kitchens where waste is generated daily, favor the pres-
nce of insects and even some terrestrial crustaceans, such as:
epidoptera, Diptera, Hemiptera, Homoptera and Collembola

McIntyre, 2000), Coleoptera (Magura et al., 2008; McIntyre,
000), Hymenoptera (Cupul-Magaña, 2009; McIntyre, 2000),
sopoda (Magura et al., 2008) and Blattodea (Hernández-
odríguez et al., 2013). This suggests that species richness is

avored due the presence of potential prey on the first floor;
owever additional studies could test this hypothesis.

Based on the total sampling effort inside the houses, the
pecies accumulation curve did not reach an asymptote (Fig. 3)
n either the rainy or the dry season, indicating that the sampling
ffort in our work was not enough. This problem is exacer-
ated when surveying invertebrates, especially hyperdiverse but
oorly known groups, like arthropods (Colwell & Coddington,
994; Jiménez-Valverde & Hortal, 2003; Willott, 2001). Spi-
ers certainly belong to this category. They are very abundant
nd diverse in terrestrial ecosystems, with great ecological diver-
ity, but the taxonomic knowledge at the species level remains
oor for most groups and there is often a dearth of distribution
ata, however many of the new species are being described by

axonomists (New, 1999). We collected more than 50% of the
xpected species based on the predictions using the function
arameters obtained with the Clench equation. The sampling
ffort to collect all the species was apparently not enough

i
a
t
h

ana de Biodiversidad 86 (2015) 962–971

tatistically because the species accumulation curve did not
each an asymptote. Sixty-four percent of the total species were
ollected based on our proportion of registered species, and 61%
or the rainy season and 73% for the dry season. In all previous
pider surveys, which are nearly always undersampled; the accu-
ulation curves do not reach an asymptote (Brennan, Majer, &
eygaert, 1999; Coddington, Young, & Coyle, 1996; Sørensen,
oddington, & Scharff, 2002; Toti, Coyle, & Miller, 2000).

otal  abundances

Our results showed a higher abundance than reported in a
tudy by Desales-Lara et al. (2013), in which they recorded

 total of 1,196 specimens, and a study by Durán-Barrón
t al. (2009), that recorded 1,404 specimens. The spider family
ith the highest abundance of individuals was Pholcidae, with
,999 individuals, consistent with the results of Durán-Barrón
t al. (2009) who recorded 491 individuals and Desales-
ara et al. (2013) who recorded 738 individuals. P.  globosus

Pholcidae) was the most abundant species recorded in this study,
ith a total of 1,998 individuals. This species is commonly found

n buildings, including homes, and has been introduced world-
ide (Valdez-Mondragón, 2010). Pholcidae is one of the spider

amilies with the most numerous synanthropic species (Huber,
000; Valdez-Mondragón, 2013).

Concerning seasonal abundance, the highest abundance was
ecorded in the rainy season and tended to decline toward the dry
eason. This could be caused by a low percentage of flowering
nd vegetation growth, which reduces the presence of poten-
ial prey, such as insects. For the first sample corresponding
o the rainy season, 709 spiders were recorded, and for the
ext sampling period, the abundance increased in November,
o 888 individuals. The abundance tended to decrease in March,
hich was when the fifth sampling occurred, and showed a lower

bundance of 489 individuals. In May, the abundance increased
o 498 individuals. The variation in inflorescence composition
an influence spider distribution, increasing or decreasing the
icrohabitats available for spiders (Teixeira-de-Souza & de
ouza-Módena, 2004); which is more marked in some habi-

ats like the tropical deciduous forest in Mexico because to the
easonal variation.

Abundance was statistically different between the first and
econd floors of the houses. These results are consistent with
hose of Desales-Lara et al. (2013) that showed spiders are

ost abundant on the first floor compared to the second
oor of the houses. Their work was the first to examine this
ariable, and proposed 3 hypotheses to explain their results:
A) access (colonization) to the first floor is easier than to the
econd floor, (B) on the first floor, there is more food for spiders
ecause kitchens may attract insects, and (C) the first floor offers
ore microhabitats with better conditions (temperature, humid-

ty), therefore it is more readily colonized by spiders. Although
one of these hypotheses were evaluated, our results are sim-

lar to the results of Desales-Lara et al. (2013) in relation the
bundances between house levels, which perhaps explain
he differences in the abundances between first and second floor;
owever, additional studies are needed to test these hypotheses.
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Regarding the abundance per level among the 4 zones, the
rban zone with a garden, the suburban zone and the rural zone
ad similar abundances that were higher for the first floor and
ower for the second floor. However, for the urban zone without

 garden, the highest abundance was obtained on the second
oor. This result was most likely because one of the houses had
een fumigated only days before sampling the first floor. At this
ouse, the second floor was used as an office where the walls have

 textured plaster, and the most abundant species recorded on
his floor was O.  navus  (116 individuals). This species inhabits
mall cavities on walls, so the textured walls may have favored
ts presence.

Currently, urbanization is increasing and it causes the frag-
entation of natural habitats and may also create many shelters

or both native and introduced spiders; some of them may rep-
esent a medical problem because their venomous bites (Greene
t al., 2009). Although we found that rural houses had higher
pecies richness than urban houses, further research is required
n urban areas to evaluate how anthropogenic activities impact
opulations and in non-urban areas surrounding the city to deter-
ine which species of spiders are found there. Also, species

ccumulation curves remain a useful tool to evaluate sampling
uality and compare inventories of mega-diverse groups, such
s spiders. They can also be used for better planning for field
ork and for experimental design to determine the best type of

ampling for the study.
Further studies may provide answers to the following ques-
ions: Do the same spider species inhabit both wild and urban
ones? Is spider diversity in the wilderness higher than that of
rban zones? Is spider abundance equal between wild and urban

A
f
G

amily Genus Morphospecies 

holcidae Physocyclus globosus 

ecobiidae Oecobius navus 

heridiidae Nesticodes rufipes 

ilistatidae Filistatoides sp.1 

ictynidae Dictyna jacalana 

cytodidae Scytodes fusca 

alticidae Corythalia sp.1 

alticidae Sassacus sp.1 

heridiidae Latrodectus geometricus 

alticidae Hasarius adansoni 

orinnidae aCastianeira sp.1 

heridiidae Tidarren sisyphoides 

ephilidae aNephila clavipes 

alticidae aChalcoscirtus sp. 1 

heridiidae aTidarren sp. 1 

alticidae Corythalia opima 

esticidae Eidmannella sp. 1 

xyopidae Oxyopes acleistus 

heridiidae Tidarren mixtum 

alticidae Sassacus sp. 2 

alticidae Plexippus paykulli 

loboridae aPhiloponella sp. 2 

ecobiidae aOecobius sp. 2 

alticidae Sitticus palpalis 

icariidae aLoxosceles sp. 1 

heridiidae Coleosoma normale 

heridiidae Latrodectus mactans 
ana de Biodiversidad 86 (2015) 962–971 969

ones? Will the spider communities from different zones be
imilar? Does the marked seasonality in the tropical deciduous
orest influence the diversity and abundance of spider species?
o they vary seasonally? The answers to these questions will
elp to determine the impact of urbanization on populations and
opulation dynamics of spiders between preserved and altered
abitats, such as tropical deciduous forest and urban areas with
igh anthropogenic activity.
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ppendix.  Abundance  per  morphospecies  of  spiders
ound in  houses  in  the  city  of  Chilpancingo  de  los  Bravo,
uerrero, Mexico

Rainy season Dry season Total

1,240 758 1,998
747 641 1,388
179 134 313

46 37 83
13 39 52
24 20 44
16 13 29
14 8 22
16 6 22
13 4 17
12 0 12

8 4 12
10 0 10

8 0 8
8 0 8
6 1 7
5 1 6
6 0 6
5 1 6
5 0 5
1 3 4
2 2 4
3 0 3

0 3 3
0 3 3
1 2 3
2 1 3
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A

F s Rainy season Dry season Total

U 3 0 3
L 2 0 2
L 2 0 2
L 2 0 2
L 2 0 2
P 2 0 2
T 0 2 2
T 0 2 2
T 1 1 2
T 1 1 2
T 2 0 2
T 2 0 2
A 1 0 1
C 0 1 1
L 1 0 1
L 1 0 1
L 1 0 1
P 0 1 1
S 1 0 1
S 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 1 0 1
T 0 1 1
T 1 0 1

T

R

A

B

B

C

C

C

C

C

C

D

D

D

F

F

F

G

G
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ppendix (Continued)

amily Genus Morphospecie

loboridae aPhiloponella sp. 1 

inyphiidae Tmeticus sp. 1 

ycosidae Allocosa utahana 

ycosidae aGenus 1 sp. 1 

ycosidae aGenus 2 sp. 1 

hilodromidae aTibellus sp. 1 

heridiidae Parasteatoda tesselata 

heridiidae aTheridion sp. 1 

heridiidae Thymoites sp. 1 

heridiidae aGenus 2 sp. 1 

heridiidae aGenus 3 sp. 1
homisidae Xysticus paiutus 

raneidae aMastophora sp. 1 

aponiidae aCalponia sp. 1 

iocranidae Agroeca sp. 1 

ycosidae Allocosa subparva 

ycosidae aGenus 3 sp.1 

holcidae Crossopriza lyoni 

alticidae Habronattus cambridgei 

alticidae aGenus 1 sp. 1 

etragnathidae Leucauge aurostriata 

heridiidae Coleosoma floridanum 

heridiidae Euryopis sp. 1 

heridiidae aNeottiura sp. 1 

heridiidae Nesticodes sp. 

heridiidae aTheonoe sp. 1 

heridiidae Thymoites sp. 2 

heridiidae aGenus 1 sp. 1 

heridiidae aGenus 4 sp. 1 

heridiidae aGenus 5 sp. 1 

heridiidae aGenus 6 sp. 1 

homisidae Misumenoides quetzaltocatl 

homisidae aMisumenoides sp. 1 

homisidae aMisumenoides sp. 2 

homisidae Misumenoides sp. 3 

homisidae aSynema sp. 1

otal 

a Juvenile specimens.
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arañas (Arachnida: Araneae) asociadas a viviendas de la ciudad de México
(Zona metropolitana). Revista Mexicana de Biodiversidad, 80, 55–69.

agan, W. F., & Kareiva, P. M. (1997). Using compiled species lists to make bio-
diversity comparisons among regions: A test case using Oregon butterflies.
Biological Conservation, 80, 249–259.

oelix, R. F. (2011). Biology of spiders (3rd ed.). New York, Oxford: Oxford
University.

rancke, O. F. (2014). Biodiversidad de Arthropoda (Chelicerata: Arachnida ex
Acari) en México. Revista Mexicana de Biodiversidad, 85, 408–418.

arcía, E. (2004). Modificaciones al sistema de clasificación climática de Köp-
pen. México, D.F.: Instituto de Geografía, UNAM.

reene, A., Breisch, N. L., Boardman, T., Pegac, B. B., Jr., Kunickis, E., Howes,
R. K., et al. (2009). The Mediterranean recluse spider, Loxosceles rufescens

(Dufour), an abundant but cryptic inhabitant of deep infrastructure in the
Washington, DC area (Arachnida: Araneae: Sicariidae). American Entomol-
ogist, 55, 158–169.

http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0030
http://viceroy.eeb.uconn.edu/estimates/
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00119-0/sbref0085


exic

G

G

H

H

H

H

I

J

J

K

M

M

M

M

M

M

N

N

P

R

S

S

S

T

T

U

U

V

V

V

S.E. Rodríguez-Rodríguez et al. / Revista M

reenstone, M. H. (1984). Determinants of web spider species diversity: Vege-
tation structural diversity vs. prey availability. Oecologia, 62, 299–304.

uarisco, H. (1999). House spiders of Kansas. The Journal of Arachnology, 27,
217–221.

ernández-Rodríguez, S., Ortega-Morales, A. I., Valdés-Perezgasga, M. T.,
Sánchez-Ramos, F. J., López-Hernández, J., & Santillán-Santana, J. (2013).
Nuevos registros de cucarachas urbanas en Torreón, Coahuila, México
(Insecta: Blattodea). Acta Zoológica Mexicana, 29, 428–430.

ammer, Ø., Harper, D. A. T., & Ryan, P. D. (2001). PAST: Paleontological
statistics software package for education and data analysis. Palaeontologia
Electronica, 4, 9.

uber, B. A. (2000). New world pholcid spiders (Araneae: Pholcidae): A revision
at generic level. Bulletin of the American Museum of Natural History, 254,
1–348.

utcheson, K. (1970). A test for comparing diversities based on the Shannon
formula. Journal of Theoretical Biology, 29, 151–154.

negi (Instituto Nacional de Estadística y Geográfica) (2012). Retrieved from:
http://www.inegi.org.mx/ (15.06.14)

iménez, M. L. (1998). Aracnofauna asociada a las viviendas de la ciudad de
La Paz, Baja California Sur, México. Folia Entomológica Mexicana, 102,
1–10.

iménez-Valverde, A., & Hortal, J. (2003). Las curvas de acumulación de
especies y la necesidad de evaluar la calidad de los inventarios biológicos.
Revista Ibérica de Aracnología, 8, 151–161.
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