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Abstract: Spiders are significant predators in terrestrial habitats, with the highest diversity found in
tropical ecosystems, but it is also where they are studied least. In this study, we analyzed the effect of
seasonality and three environmental variables (precipitation, evaporation, and temperature) in the
orb-weaver composition, richness, abundance, dominance, and diversity. In addition, the species
turnover between three localities with differences in the vegetation composition and maintenance
in the Sierra de Huautla, Morelos, Mexico, were evaluated. The collection methods used included
beating vegetation and direct searches conducted over seven hours during daylight, once per month,
between April 2013 and March 2014. A total of 17 species from 14 genera were registered. With
the records, we compiled the first species inventory of araneids for the three localities, adding eight
new species records for the state of Morelos. The predominant species were Neoscona oaxacensis
(Keyserling, 1864) and Trichonephila clavipes (Linnaeus, 1767), but over 50% of the species that we
recorded corresponded to a single individual. The Araneid community changed between the dry
and rainy seasons in all three localities, with each locality responding differently to changes in
environmental variables, with most variables maintaining a long-term effect on the spider community.

Keywords: composition; phenology; predators; conservation; community structure; Araneidae;
beta diversity

1. Introduction

Spiders are essential members of any terrestrial ecosystem, and because of their high
richness and abundance, wide distribution, and variety of hunting strategies, they constitute
a relevant order of predators, especially of insect populations [1,2]). Their diversity is high
in tropical forests, although this is where they are also the least well-known [3]. Spider
communities seem to respond directly and indirectly to multiple biotic and abiotic factors,
such as environmental variables, prey availability, vegetation composition, disturbance,
and even the genetic diversity of foundation species [4–9]). Nevertheless, the evidence
of the magnitude and direction of this response remains controversial, sometimes with
conflicting results depending on the geographical location and the researcher’s delimitation
of the community evaluated.

In the actual context of rapid climate change, studies on the effects of environmental
variables would provide a better understanding of the community assembly: information
that can be applied to the conservation and management of this species and their habitat.
As with other poikilotherm species, the temperature is expected to have an impact on
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spider establishment and distribution [10]; in addition, other environmental factors, such
as precipitation, have been shown to have a direct effect on spider community, both directly
or via their trophic interactions [5,11].

This is even more important in habitats where precipitation plays an important role
in plant physiognomy (and therefore primary production) or seasonality changes, such as
tropical dry forests (TDF).

The TDF is considered a type of tropical vegetation that is most in danger of disappear-
ing [12,13]. In Mexico, the TDF previously occupied almost 10% of the total surface [14]; at
the start of the 90th decade, and despite the ecological, economic, and cultural importance
of the TDF [15–17], the presence of this vegetation type decreased to 22% of the total surface;
with an estimated rate of loss of 1.4% annually [18]. While TDF is known for its great
diversity, there are few studies on arthropods [19–22], particularly spiders.

For this vegetation type, the factors that spatially structure spider communities are not
known with certainty [7]. In spiders, resource availability (spatial and trophic) and biotic
interactions (competition) can affect their presence [23,24]. The seasonal TDF variation in
these factors could cause higher abundance and richness, particularly during the rainy
season in the TDF [7]. During this season, most plants have foliage, which increases
the diversity of flying insects, especially herbivores, such as hemipterans, homopterans,
coleopterans, and lepidopterans [22,25,26], which are common prey of spiders.

Among the 131 families that comprise the order Araneae, the family Araneidae (com-
monly known as orb-weaver spiders) is the third most diverse, with 187 genera and
3119 species recorded worldwide [27,28]. The members of this family are spiders with a
cosmopolitan distribution, characterized by the construction of orb-webs constructed in
vegetation to trap their prey, which mainly includes flying and jumping insects [29–32]. Due
to their high abundance, simple collection, and adequate taxonomic knowledge, araneid
spiders have been proposed as suitable models for diversity studies [7,33].

We hypothesize that biological (vegetation composition) and environmental (season-
ality, precipitation, evaporation, and temperature) variables will affect the assembly of
the spider community. We predict that: (1) Communities within protected forest areas
have a greater richness, abundance, and diversity than the community outside; (2) Spider
composition and dominant species vary between localities due to differences in vegetation
composition; (3) Communities in the rainy season have greater richness, abundance and
diversity and different composition and dominant species when compared with the dry
season; (4) Orb-weaver richness, abundance, and diversity are affected by precipitation,
evaporation and temperature in the three study sites.

2. Materials and Methods
2.1. Study Area

The systematic sampling of orb-weaver spiders was carried out at localities inside and
outside a natural protected area known as Sierra de Huautla Biosphere Reserve (REBIOSH),
which protects the greatest TDF area in the state Morelos (Figure 1) [34]. REBIOSH is
part of the Rio Balsas depression in central Mexico. TDF’s main feature is its remarkable
seasonality, with a rainy season, from June to September, when vegetation is abundant,
and a dry season from October to May, when leaf cover is drastically reduced. TDF is
dominated by relatively short trees, most of which shed their foliage completely during
the dry season [15,35]). In this community, herbs and slender woody climbers are better
represented [15,36]. Dominant plant species include members of the families: Bignoniaceae,
Bombacaceae, Burseraceae, Cactaceae, Convolvulaceae, Julianaceae, and Leguminosae [34].
Within the REBIOSH, altitudes range from 700 to 2200 m [34]. The climate is warm
subhumid (Aw1), the driest of the subhumid climates in Mexico (Table 1), with rainfall in
summer and drought in midsummer [37].
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Figure 1. (A) Map of Mexico showing the Morelos state. (B) Close up of the state of Morelos showing 
REBIOSH. (C) Closeup of the REBIOSH showing the three localities studied. El Limón (EL), and 
Cañadas Huautla- Ajuchitlán (HA) are located within the REBIOSH. San Miguel de Los Elotes (SME) 
lies outside the protected area. 

Table 1. Characteristics of three sampling localities in the tropical dry forest Morelos, Mexico. 

 Locality 
Characteristics SME HA EL 

Coordinates 18°30′57.34″ N 
−99°06′46.26″ W 

18°27′58.82″ N 
−98°59′32.1″ W 

18°32′52.93″ N 
−98°55′57.97″ W 

Altitude (m) 859 1036 1323 
Municipality Tlaquiltenango Tlaquiltenango Tepalcingo 
Annual average temperature 23.46 °C 23.56 °C  23.16 °C  
Annual average precipitation 
(mm) 2.27 mm 2.82 mm  2.65 mm  

Figure 1. (A) Map of Mexico showing the Morelos state. (B) Close up of the state of Morelos showing
REBIOSH. (C) Closeup of the REBIOSH showing the three localities studied. El Limón (EL), and
Cañadas Huautla- Ajuchitlán (HA) are located within the REBIOSH. San Miguel de Los Elotes (SME)
lies outside the protected area.



Diversity 2023, 15, 466 4 of 21

Table 1. Characteristics of three sampling localities in the tropical dry forest Morelos, Mexico.

Locality

Characteristics SME HA EL

Coordinates 18◦30′57.34′′ N
−99◦06′46.26′′ W

18◦27′58.82′′ N
−98◦59′32.1′′ W

18◦32′52.93′′ N
−98◦55′57.97′′ W

Altitude (m) 859 1036 1323

Municipality Tlaquiltenango Tlaquiltenango Tepalcingo

Annual average
temperature 23.46 ◦C 23.56 ◦C 23.16 ◦C

Annual average
precipitation (mm) 2.27 mm 2.82 mm 2.65 mm

Within REBIOSH No Yes Yes

We established a conservation gradient based on the plant community species present
in three localities. Two localities—El Limón de Cuauchichinola (EL) and a valley between
Huautla and Ajuchitlán towns (HA)—are inside the REBIOSH (Table 1). The first locality,
EL, is a conserved area, while HA presents a mosaic of TDF and crop fields. Finally,
the third locality, San Miguel de Los Elotes (SME), is outside the REBIOSH, and the
anthropogenic disturbance in this area is notably higher. At the three localities, for one
year, we described the structure community in terms of diversity, composition, richness,
abundance, dominance, and phenology at a local scale (α diversity), as well as its species
turnover (β diversity). Considering the accentuated seasonality, we evaluated changes
in spider communities in dry and rainy seasons. In addition, we examined how three
environmental variables (temperature, precipitation, and evaporation) affect orb-weaver
spider communities in the short (same month) and long (next month, two, and three
months) terms. Finally, we evaluated the completeness of the taxonomic inventory and
estimated the expected richness in the areas and the time needed to achieve a complete
record of orb-weaver spiders.

Among the three localities, the most conserved area was EL which presented the
typical TDF vegetation with the highest orographic complexity among the study sites;
characterized by a series of hills and valleys with a large proportion of original vegetation,
although some rainfed agricultural activities occupied part of the area.

The second locality, HA, is a valley with a riverbed and a road with a mosaic of
riparian vegetation with patches of preserved and disturbed TDF. The riparian vegetation
along the riverbed comprises trees above the TDF height average, which retain their leaves
even during the dry season. The conserved TDF was found on the hills surrounding the
valley, and the disturbed TDF was found near agroecosystems of Zea mays L., Phaseolus
vulgaris L., and Cucurbita spp. associated with the roadside (per. obs.).

The third locality, SME, is outside the REBIOSH and includes secondary vegetation
mainly of thorny shrubs (Mimosoid clade, Leguminosae) and several agroecosystems
(Zea mays, Phaseolus vulgaris, Cucurbita spp., Agave spp., and Saccharum officinarum L.).
The presence of human settlements is one of the principal causes of disturbance within the
area, where the main economic activities are agriculture and raising livestock (per. obs.).
In the three study sites, the agroecosystems were avoided for sampling.

2.2. Sampling Protocol

Sampling was conducted monthly at the three localities from April 2013 to March 2014.
Spiders were collected under collection permits SGPA/DGVS/00269/13 and FAUT-0209,
issued by the General Direction of Wildlife (Direction General de Vida Silvestre). Sampling
was performed by a total of five people on walks during seven daylight hours (10:00–17:00).
At each locality, two different techniques were used to collect the spiders. During the walks,
three people used a beating technique [38] to shake spiders loose from bushes and trees into
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a beating sheet (100 cm × 100 cm). The other two people used a direct search technique,
collecting the araneids they found in the vegetation from knee height to two meters above
the ground (“looking up” [39]). The captured spiders were deposited in vials with 70%
ethanol for later labeling with curatorial data. Pitfall traps are only suitable for cursorial
forms [40]), which do not affect the study results since orb-weavers have a mainly aerial
lifestyle and rarely occur as cursorial spiders. In those cases, the direct search technique
allowed the inclusion of those specimens.

2.3. Taxonomic Determination

Spiders were identified by examination under a stereoscopic microscope
(Carl Zeiss, model Stemi 2000), using taxonomic keys to determine the family [41], gen-
era [30,42], and species of Araneidae [43–54]. We used The World Spider Catalog [27] to
corroborate species distribution and the validity of names. The material collected was
deposited at the National Arachnid Collection (Colección Nacional de Arácnidos, CNAN)
at the Institute of Biology (Instituto de Biología, IB) of the National Autonomous University
of Mexico (Universidad Nacional Autónoma de México, UNAM), under the consecutive
specimen numbers from CNAN-AR011161 to CNAN-AR011193. The specimens were
photographed under a Leica stereoscopic microscope, model Z16 APO A, with a Leica
DFC490 camera, using the Leica application Suite LAS 4.3.0 software at the Laboratory of
Microscopy and Biodiversity Photography (II) at the IB, UNAM.

2.4. Vegetation Characterization

To obtain data on the floristic composition for each site, the predominant species
in each locality and those from which the spiders were collected were registered and
identified in the field with the help of experts in local biodiversity and the literature
for Morelos [55,56]. In cases where field determination was unavailable, pictures of the
main diagnostic characteristics were taken and determined by the specialist in the groups
(Table S1). Classification and valid names follow the proposal of World Flora Online [57].

2.5. Environmental Data and Seasonality Delimitation

We obtained climate data (average precipitation, evaporation, and temperature) from
three meteorological stations (MS). The MS of El Limon was used to evaluate data for EL,
MS of Huautla for HA, and MS of Nexpa for SME [58–60]). The dry season begins when
evaporation values increase above precipitation values; on the other hand, the rainy season
starts when precipitation values increase above evaporation ones [61]. Based on data from
MS, we determined that the dry season during the study period was from November
through May, and the rainy season was from June to October.

2.6. Diversity Analysis
Description and Evaluation of the Spider Community Structure

An analysis of species richness, diversity, composition, and dominance included only
mature individuals due to the limitation that juveniles cannot be accurately assigned
to species without sexual characteristics. However, we used the total individuals when
evaluating the abundance within and between localities and seasonality. To assess alpha
diversity at each locality, the effective number of species was estimated and calculated
using Hill’s formula with q-values of 0, 1, and 2. We followed the proposal of Jost [62],
where q = 0 considers the species richness only (0D), q = 1 weights species in proportion
with their relative abundance (1D), and q = 2 overvalues common species (2D) [62–64].
Finally, we performed a diversity/dominance plot to represent the dominant species among
sites. All the analyses were estimated using the software PAST 3.14 [65], except for the
diversity/dominance plot constructed directly in Excel.
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2.7. Spider and Plant Beta Diversity

A dissimilarity analysis between the three sites was calculated with presence-absence
data using a broad and narrow-sense turnover index; the Jaccard index (ßj) was used as a
broad-sense turnover index, while the ß Simpson (ßsim) was used to calculate turnover in a
narrow sense [66]. The values of the ßj index ranged from 0 to 1, where a value of 0 denoted
no shared species, and values approached 1 when the two sites had the same species
composition. Given that the Jaccard coefficient measures similarity, the result is understood
to be the inverse of beta diversity; therefore, the species turnover was calculated, for each
locality, as follows: ß = 1 − Ij [67]. Inversely, the ßsim index reached a value of 1 when no
species were shared among sites and a value of 0 when two sites shared the same species
composition [68].

2.8. Seasonality and Phenological Analysis

To analyze phenology, we compared the total abundance and richness versus precipi-
tation and evaporation by month at each locality. Diversity was evaluated with effective
a number of species and q = 1 and q = 2 values. Seasonality composition was evalu-
ated with ßsim and ßj indices. Finally, changes in dominance were evaluated using a
dominance/diversity plot.

2.9. Effect of the Environmental Variables on the Spider Community

To evaluate the effects of the environment (temperature, precipitation, and evapo-
ration), a polynomial regression model was performed, with the environmental data of
the current month indicating independent variables and the richness, abundance, and
diversity of the same month as dependent variables for each locality (M0). For the eval-
uation of the total community (data from SME, HA, and EL together), the mean values
of the three environmental variables were calculated. The data were evaluated in the
software PAST 3.14 [65]. To explore the possibility that orb-weaver spiders responded
with delay to changes in the environmental variables, as reported by other authors [6],
three sets of regressions were carried out, evaluating the effect of one- (M-1), two- (M-2)
and three- months (M-3) delay of the environmental variables on the spider community
variables (abundance, richness, and diversity). Differences in precipitation, evaporation,
and temperature between locations were tested with ANOVA. Only statistically significant
results were provided.

2.10. Non-Parametric Richness Estimators

We performed the non-parametric richness estimators Chao 1 and Chao 2 based on
abundance and incidence data, respectively. The Chao 1 estimator calculates the number of
species that are expected based on the number of species represented by a single individual
(singletons) and the number of species represented by two individuals (doubletons) in
the full sample. Chao 2 estimates the total number of species using the number of species
occurring in a single sample (unique) and the number of species sharing two samples
(duplicates), regardless of their abundance [69]. Chao 1 and 2 values were calculated using
EstimateS 8.2 [70].

2.11. Species Accumulation Curves Based on the Clench Model

We used species accumulation curves to graphically present the increase in the num-
ber of species added to the inventory as the sampling effort increased in a defined area.
Sampling effort was expressed in sampling units to simplify the design of the collection
protocol [71]. In this study, each sampling unit represents a complementarily set of two
collection techniques (beating sheets and direct search of the vegetation) applied by five
people for seven daylight hours in each locality, once per month.

Species accumulation curves were constructed using the software EstimateS 8.2 [70].
We used 100 randomized iterations with the following data: the number of units of sampling
effort (samples) and the average number of species accumulated (Sobs). These data were
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analyzed with software STATISTICA 7.0 [72], and the Clench model was applied; then, the
“Simplex and Quasi-Newton” method was applied, which helped to fit the parameters of
the model to the observed data. We used several parameters from the a and b functions to
determine whether the inventories and samplings were sufficient. The parameters used
were the following: (a) the asymptote of the curve, which indicates the total number of
expected species; (b) the slope of the curve, which determines the rate of incorporation for
new species into the inventory in the chosen sampling unit; if the slope is less than 0.1 the
inventory can be considered reliable; (c) the proportion of spiders recorded, considering
at least a 70% sufficient proportion; (d) an estimation of the number of sampling effort
units (SEU) needed to record 95% of the species; based on the difference between the SEU
performed and this estimate, we quantified the time (years) required to collect 95% of the
species present in the study area.

3. Results
3.1. Spider Community

A total of 674 individuals of the family Araneidae were collected, of which 302 were
adults (214 ♀♀ and 88 ♂♂), and 372 were juveniles. The composition of the araneid
community in the three localities comprised 14 genera and 17 species, from which eight
species were new records for Morelos. The genera with the highest species richness were
Mangora, Mecynogea, and Micrathena, with two species each, and the rest of the genera were
represented by a single species (Table S2). The dominant species were Neoscona oaxacensis
(Figure 2h), with 225 specimens, and Trichonephila clavipes, with 45, while the rest of the
species were represented by less than 10 individuals (Figure 3, Table S2). SME was the
locality with the highest richness, followed by HA and EL, both with the same number of
species. In contrast, the highest abundance of araneids was in HA, and the locality with the
lowest abundance was SME. In terms of diversity (1D and 2D), the most diverse locality
was SME, followed by EL; HA is the locality with the lowest diversity (Figure 4). Regarding
1D diversity, SME is 2.76 times more diverse than EL and 6.77 times more diverse than HA,
and EL is 2.44 more diverse than HA.
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view: (a) Acacesia hamata, (b) Araneus pegnia, (c) Argiope aurantia, (d) Edricus productus, (e) Larinia 

Figure 2. Species of the family Araneidae found at the sampling localities. (a–i), Habitus, dorsal view:
(a) Acacesia hamata, (b) Araneus pegnia, (c) Argiope aurantia, (d) Edricus productus, (e) Larinia directa,
(f) Mecynogea apatzingan, (g) Micrathena mitrata, (h) Neoscona oaxacensis, and (i) Ocrepeira redempta.
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1. SME

The spider community in SME consisted of 10 species, each belonging to one genus.
The abundance was represented by 79 individuals (21 adults, 58 juveniles, Table 2).
The community had 8.828 equally abundant (1D) and 8.019 equally dominant species
(2D) (Table 3). N. oaxacensis was the dominant species (N = 4) in the community.

Table 2. Genera and species richness and abundance of juveniles and adults by locality.

Locality Number of
Genera

Number of
Species

Total Adult
Individuals

Total Juvenile
Individuals

SME 10 10 21 58

HA 7 7 208 201

EL 6 7 73 113

Total - - 302 372
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Table 3. The true diversity of order q = 0, 1 and 2 compared to diversity indices (Shannon, Simpson)
and Chao 1 and 2 estimators in the three sampling localities: SME, HA and EL.

Locality
Estimator SME HA EL

0D 10 7 7

1D 8.828 1.303 3.189

2D 8.019 1.102 2.470

Chao 1 14 17 10

Chao 2 16 20.75 9.25

2. HA

The spider community in the HA was composed of seven species, each belonging to
one genus. The abundance was represented by 409 individuals (208 adults, 201 juveniles,
Table 2). The community had a diversity of 1303 species of equal abundance (1D) and
1102 species of equal dominance (2D) (Table 3). N. oaxacensis was the dominant species in
the community (N = 198).

3. EL

The spider community in EL consisted of seven species in six genera. The abundance
was represented by 186 individuals (73 adults, 113 juveniles, Table 2). The community had
a diversity of 3189 equally abundant species (1D) and 2470 equally dominant species (2D)
(Table 3). T. clavipes was the dominant species (N = 40) in the community.

3.2. Plant Community Description

The locality of SME has a plant community comprising 15 families, 22 genera, and
28 species, while HA comprises 15 families, 31 genera, and 35 species. Finally, EL was
the richest locality, with 41 species in 26 genera and 15 families. Leguminosae is the
richest family in SME and HA, with nine and ten species, respectively. In EL, the family
Burseraceae is the richest one, with 11 species (Table S1).

3.3. Spider and Plant Beta Diversity (β)

From the 17 total spider species collected, 11 (69%) were exclusive to the locality where
they were collected. SME was the locality with the highest percentage of exclusive species
(six species, 38% of the total), followed by HA (three species, 19% of the total) and EL (two
species, 13% of the total).

Regarding the spider species turnover with a broad sense analysis (ßj), SME and
HA differed in 86% of the species, while SME and EL differed in 78%. Finally, the two
localities within the REBIOSH presented the lowest species turnover, with 72% of the
species changed. On the other hand, the narrow sense analysis (ßsim) showed the greatest
turnover between SME and HA, with 77% of species change and a similar value for EL
with SME and HA, with 70% in both cases (Table 4).

Table 4. Spider composition turnover between localities, measured with ßj and ßsim indices.

ßsim

ß Diversity SME HA EL
SME 0.78 0.7

ßj HA 0.87 0.7
EL 0.79 0.73

The plant composition turnover between localities showed that, as in spiders, both
localities within the REBIOSH share more species, with a ßj of 81% and a ßsim of 74% of
dissimilarity (Table 5).
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Table 5. Plant composition turnover between localities, measured with ßj and ßsim indices.

ßsim

ß Diversity SME HA EL
SME 0.88 0.85

ßj HA 0.93 0.74
EL 0.92 0.81

3.4. Seasonality and Phenology
3.4.1. SME

When evaluating the community structure between seasons, the wet season showed
the highest value for richness (N = 8), abundance (N = 64), 1D diversity (6.87), and 2D
diversity (6.09). By contrast, the dry season spider community consists of three species and
15 individuals, with a 1D diversity of 2.87 and a 2D diversity of 2.77. There is a turnover of
spider composition of 75% and 90% of species with ßsim and ßj, respectively.

3.4.2. HA

The community structure between seasons shows the highest levels of richness (N = 6)
and abundance (N = 404) during the rainy season, while the dry season accounts for
two species and five individuals. On the other hand, diversity seems to be higher in the
dry season (1D and 2D diversity = 2) than in the wet season (1.26 and 1.09, respectively).
Although, this could be the result of the sample size rather than an accurate reflection
of the diversity in the season. Regarding the turnover of spider composition, there is a
dissimilarity of 66% and 85% for the species with ßsim and ßj, respectively.

3.4.3. EL

The community during the wet season consisted of the seven recorded species and
164 individuals, with a 1D diversity of 3.32 and a 2D diversity of 1.65. In contrast, the dry
season community consisted of two species and 22 individuals, with a 1D diversity of 1.98
and a 2D diversity of 1.97. The species turnover between the seasons comprised 50% and
71% of the species with ßsim and ßj, respectively.

Regarding spider phenology, the maximum richness and abundance values coincided
with the rainy season (June-October). Meanwhile, the minimum richness and abundance
values were present during the dry season (November-May) (Figure 5). As for the activity of
adult araneid species in the number of months recorded, eleven species were present during
the rainy season, two in the dry season, and four were active during both seasons: Araneus
pegnia, Larinia directa (Figure 2e), Trichonephila clavipes and Neoscona oaxacensis. Among these
species, Neoscona oaxacensis had the most activity throughout the year (July–November). There
were also temporal differences in the total abundance of orb-weaver spiders since we collected
632 individuals (346 juveniles and 286 adults) during the rainy season and 42 individuals
(26 juveniles and 16 adults) during the dry season. The highest richness values in SME
(N = 3) and EL (N = 5) were reached in September, while in HA, the highest month was October
(N = 4). On the other hand, the highest abundance values were in August in SME (N = 22) and
EL (N = 46) and in September in HA (N = 163). Concerning juveniles, 93% of the individuals
were present in the rainy months, and the highest abundances were in July in HA (N = 74) and
August in SME and EL (N = 19 and 45, respectively).
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Figure 5. Species richness and abundance of adult and juvenile araneids from April 2013 to March
2014 in the localities (a) SME, (c) HA, and (e) EL. Monthly average precipitation (P mm), evapora-
tion (Ev mm), and temperature. Meteorological information is from the climatological stations of
(b) Nexpa, Tlaquiltenango, 8.6 km from SME [58], (d) Huautla, Tlaquiltenango [59], and (f) El Limón,
Tepalcingo [60].

3.5. Effect of Environmental Variables

Regression models show that the community at each locality responds differently in
the short- and long-term.

In SME, M0 presents a positive effect on precipitation and abundance (R2 = 0.50;
F = 4.511; p = 0.04) and richness (R2 = 0.53; F = 5.133; p = 0.03) and only a marginal effect on
diversity (R2 = 0.47; F = 4.064; p = 0.05). When the long-term effect of the environmental
variables was evaluated with a one-month (M-1) delay, precipitation continued to have a
positive and stronger effect on abundance (R2 = 0.86; F = 25.493; p = 0.0003) and richness
(R2 = 0.55; F = 4.980; p = 0.03), while now a statistically significant effect on diversity was
also observed (R2 = 0.53; F = 4.513; p = 0.04). At an M-3 delay, evaporation (R2 = 0.71;
F = 7.361; p = 0.02) and temperature (R2 = 0.75; F = 9.348; p = 0.01) had a significant effect
on orb-weaver abundance.

For HA, M0 and M-1 showed a significant effect of precipitation on the spider abun-
dance (R2 = 0.68; F = 9.738; p = 0.005, and R2 = 0.65; F = 7.675; p = 0.01, respectively). At
M-2, the effect of precipitation on abundance was maintained (R2 = 0.57; F = 4.770; p = 0.04),
while the effect of precipitation on richness (R2 = 0.63; F = 6.091; p = 0.02) and temperature
on abundance (R2 = 0.58; F = 4.912; p = 0.04) was also observed. Finally, with a delay of
M-3, only temperature still had an effect on abundance (R2 = 0.68; F = 6.490; p = 0.03).

At EL, evaporation had a negative and statistically short-term (M0) effect on abundance
(R2 = 0.58; F = 6.348; p = 0.01), richness (R2 = 0.49; F = 4.327; p = 0.04), and diversity
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(R2 = 0.49; F = 4.428; p = 0.04); precipitation had a positive effect in the long-term (M-3)
overabundance (R2 = 0.74; F = 8.560; p = 0.01), richness (R2 = 0.70; F = 7.322; p = 0.02) and
diversity (R2 = 0.70; F = 7.258; p = 0.02).

When the total richness, abundance, and diversity were tested against mean values of
precipitation, evaporation, and temperature for the three localities, evaporation had a negative
short-term (M0) effect on orb weaver abundance (R2 = 0.59; F = 6.500; p = 0.01) and richness
(R2 = 0.49; F = 4.457; p = 0.04). On the other hand, precipitation had a positive long-term
(M-1) effect on richness (R2 = 0.62; F = 6.576; p = 0.02) and abundance (R2 = 0.75; F = 12.048;
p = 0.003), this last effect remained at an M-2 delay (R2 = 0.63; F = 6.062; p = 0.02).

3.6. Richness Estimators

The Chao 1 estimator, based on singletons and doubletons, indicated that the locality
with the highest number of expected species was HA (17 species), followed by SME
(14 species) and EL (10 species). Similarly, the Chao 2 estimator, using the analysis of
unique and duplicate samples, coincided with the results of Chao 1, with the highest
number of estimated species in HA (20.75 species), followed by SME (16 species) and EL
(9.25 species). Thus, based on the results of the estimators, the remaining species to be
recorded at each locality were, in the case of HAm 10 and 14, for SME, four and six, and
lastly, for EL, three and two (Chao 1 and Chao 2, respectively, Table 3).

3.7. Species Accumulation Curve

The species accumulation curves at the three localities did not reach the asymptote
(values are shown in Table 6), and the slope values were higher than 0.1, which meant
that the inventories at these localities were incomplete (Figure 6). According to the results
of the species accumulation curves, in SME, we collected 38% of the species estimated at
the asymptote. To collect 95% of the species present at the locality, the sampling effort
needed to be increased by 359 sampling effort units (SEU) to obtain the remaining 57%
of the species. In this context, following the same sampling effort as in this study and
considering that every 12 SEU corresponds to a year, the species inventory of araneids took
approximately 30 years to be nearly complete (Table 6). For the HA locality, we collected
31% of the total species estimated by the asymptote; to reach 95% of the species at this
locality sampling effort would need to increase by 501 SEU to collect the remaining 64% of
species, which would take approximately 42 years. In EL, we collected 53% of the species
estimated by the asymptote; therefore, we would need to increase sampling by 189 SEU to
collect the remaining 42% of species, which translates into 16 additional years of sampling.
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Figure 6. Species accumulation curves for the inventory of Araneidae at the localities SME, HA, and
EL, over the period from April 2013 to March 2014. Each sampling unit consisted of two sampling
strategies (direct search and beating) performed by a total of five people during 7 daylight hours,
once per month. Solid lines indicate the average number of species accumulated per sampling effort
unit. Dotted lines indicate the richness estimated at the asymptote.
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Table 6. Clench equation. Sn = a•n/(1 + b•n) where a = the rate of increase in new species at the
beginning of the inventory, b = curve shape parameter, n = sampling units. Parameters analyzed
from the species accumulation curve based on the Clench equation.

Locality

Parameter SME HA EL

Sobs 10 7 7

Samples 12 12 12

a 1.352 0.826 1.259

b 0.051 0.037 0.094

Asymptote
(spp) 26 22 13

Slope 0.518 0.395 0.275

% fauna recorded 38 31 53

Estimated sampling effort units
required to record 95% of fauna (SEU) 371 513 201

Additional sampling effort units
required 359 501 189

Time
(years) 30 42 16

4. Discussion

Spider composition: Currently, 46 genera and 227 species are recorded in Mexico [27].
In Morelos, 19 species from 12 genera were reported [43–54,73], representing 8% of the total
araneid species reported for the country. Since most of the species recognized in Morelos
were detected through sporadic sampling, only the studies with Trichonephila clavipes at
the El Limón de Cuauchichinola (EL) locality included ethological and morphological
aspects [74]. These findings above show the poorly known diversity of araneids in this
state and the localities therein.

Of the 17 total species recorded, eight were new records for the state. The number
of araneid species reported in Morelos increased from 19 to 27 species. The above means
that Morelos contained 14% of the total number of Araneid species reported in Mexico,
which is a high percentage considering the small number of inventories carried out in the
state. There is only a previous inventory work of orb-weaver spiders for the study site [21];
they report four genera and seven species from Morelos, of which all the genera and four
species were also recorded in the present study.

On a larger scale, our study shared 12 species with Candia-Ramírez and Valdéz-
Mondragón [75], who evaluated the spiders from the Orbiculariae clade in a tropical
rainforest in Calakmul, Campeche, and five species with De la Cruz-Pérez et al. [76], from
Theobroma cacao L. agroecosystems in Tabasco, Mexico. Since most of the species recorded in
the present study have a wide distribution in Mexico and America [27], it is not surprising
that there was a high percentage of shared species in other states with different vegetation
types. However, the construction of actualized inventories remains relevant for monitoring
the localities under study or the better comprehension of the ecological and distribution
patterns of the species.

Richness: There are few studies describing the richness of the araneid community for
the TDF in general and for the Mexican TDF in particular. Cabra-García et al. [77] record
from a TDF at Colombia 20 genera and 28 morphospecies, from which seven genera and
two species are shared with the present study. In contrast, and despite the proximity of
the study site, Corcuera et al. [78] recorded four genera and species of orb-weaver spiders
from a TDF in Jalisco, Mexico, of which the four genera and one specie (N. oaxacensis) are
shared with our results. Our study reported intermediate values of richness between the
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two studies (14 genera and 17 species), reflecting how little is known about orb-weaver
richness patterns in this vegetation type.

In the present study, the highest value of richness was recorded at SME, a locality in
which legume trees and shrubs are the main vegetal component, which provides a complex
microarchitecture that seems to favor spiders, as recorded by Corcuera et al. [78] who found
a positive relationship between spider abundance and richness with bipinnate small-leaved
plants, most of them in the Leguminosae family.

Another possible explanation for the high richness recorded at SME could be related to
the higher alteration present in that locality and the presence of agroecosystems. Constant
disturbance at the site may keep dominant species established and promoted the continuous
opening of niches that may be occupied by many orb weaver spiders; in contrast, HA and
EL are more stable localities in terms of the microenvironment and human disturbance,
which promotes the establishment of dominant species (v. gr. N. oaxacensis and T. clavipes).
Evidence supporting this explanation is provided by Esquivel-Gómez et al. [33], who
found that agroecosystems with mixtures of trees showed a higher abundance, richness,
and diversity of orb-weaver spiders, as well as different compositions when compared to
monocultures. Similarly, patches of native vegetation near agroecosystems increased spider
richness and the diversity of spiders in the fynbos biome [79].

Abundance: The family Araneidae is a common component in the spider community at
the TDF, usually among the five more dominant species [7,80–82] and among the orb-weaver
guild, which represents the family with the highest richness in several works [33,75,76]).

In terms of abundance, orb weaver spiders had the most success in HA compared
to the other two localities, which could be related to the microenvironment. That is, in
temporally contrasting environments such as TDF, canyons act as patches of resources that
provide a favorable microenvironment (higher humidity, less sun exposure) and maintain
foliage longer in the dry season, and thus allow insects that benefit from them to remain
there (herbivores, pollinators), which translates into the increased availability of food and
refuge for spiders [83–85].

Diversity: Alpha diversity showed the highest diversity in SMEs and the lowest in
EL and HA. Although the degree t of anthropogenic disturbance was not analyzed in
this study, SME was recognized as a locality that has lost a large proportion of its TDF
and has undergone changes in land use due to the establishment of secondary vegetation,
agricultural fields, and human settlements. Therefore, during our sampling, we collected
araneids not only in areas of natural vegetation such as the TDF or riparian vegetation but
also in disturbed areas around agricultural fields and human settlements. We hypothe-
sized that the higher diversity in SME may result from the high evenness among species;
probably, the high disturbance rate and the constant change in terrain architecture prevent
the establishment of dominant species, thus increasing diversity values. Recent studies
have shown that in forests with species that act as monocultures, spider diversity, and
interactions are not only modified but also diminished [8,9].

Dominance: With regard to araneid dominance, the values varied greatly among
species due to the under-representation of most species versus the dominance of a few. This
was not an isolated case, as disproportion in relative abundance among recorded species
has been very frequently reported in studies of diverse ecosystems and taxa [22,26,86] and
is a common pattern in the TDF, with evidence among butterflies with Memphis pithyusa
pithyusa R. Felder, reaching 54% of total abundance at one locality [22], hemipterans
five species out of 32 reaching 80% of total abundance; ref. [87], and broad-nosed weevils
(Coleocerus setosus, Rosas-Echeverría in prep). For example, N. oaxacensis was the most
abundant species in the total sample and the only one present at all three study localities.
This species has been similarly represented in samplings at other TDF localities in Morelos
and other states [88,89]. The presence of this species is very common in Mexico [49,73], even
in highly anthropized environments such as agricultural fields, gardens, and backyards [49,90].
N. oaxacensis is a species that inhabits different strata of vegetation (herbaceous, shrub,
tree), a trait that decreases competition for food and space with other species, leading to
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a greater number of individuals [91], and this increased structural complexity provides a
larger number of anchor points for web construction [92].

β Diversity: HA and SME are the localities with the highest species turnover between the
spider and plant communities. These results are not consistent with the positive correlation
between beta diversity and geographic distance that is frequently observed for several taxa [93],
as SME was further away from EL (56 km) than from HA (45 km). However, other studies
analyzing spider turnover also found that geographic distance had no effect on beta diver-
sity [94]. The same authors found that environmental variables had good explanatory power
in predicting species turnover of the Araneidae family. Nevertheless, in the three study sites,
the ANOVA test showed no statistical differences in precipitation, temperature, or evaporation
(p = 0.6; p = 0.8 and p = 0.7, respectively). Therefore, the variation in species composition among
sampling localities could be due to the vegetation composition in each location, as both SME
and EL presented a traditional TDF physiognomy, while in HA, a significant proportion of the
vegetation came from riparian forms (higher tree height) and similar evidence was provided
by Jiménez-Valverde et al. [94], who argued that vegetation structure also has an effect on the
araneid species turnover. (Table 6, Vegetación/Jaccard vegetation).

In general, a high beta diversity among localities in the TDF produced a recurrent
pattern (Dirzo et al. 2011 [95]), usually reaching turnover values above 50%, even in species
with high dispersal capacity, such as butterflies [22]. Consistent with this evidence, our
results show high beta diversity, with more than 70% of species turnover among localities
for spider and plant composition. Vegetation turnover agreed in its high values with other
TDF works in Mexico [96] and other TDF from the Neotropic [97]. An interesting pattern
found was that the two localities within the REBIOSH shared more plant and spider species,
which could suggest that the degree of disturbance could be playing a role in shaping the
species turnover of insect communities. Some studies show [9] that it is better to conserve
undisturbed forest areas to maintain interactions that cannot be restored. However, more
research in this direction is needed to form a conclusion.

Seasonality and phenology: For the tropical dry forest, it is not known with certainty
whether the factors that spatially structure communities in the vegetation [7] for spiders
have shown resource availability (spatial and trophic) and biotic interactions (competition)
can affect their presence in the vegetation [23,24]. Variations in these three factors could
cause a higher abundance of spiders during the rainy season in tropical dry forests [7].
During this season, most plants have foliage, which increases the diversity of flying insects,
especially herbivores, such as hemipterans, homopterans, coleopterans, and lepidopter-
ans [22,25,26], which are food for spiders. Higher richness and abundance values in the
rainy season are a widely described pattern for spiders among several vegetation types
and localities [6,7,85,98,99]. The sampled localities had their maximum values of richness
and abundance during the rainy season (June–October), mainly in September, when the
highest abundance of adults was collected. During nearly all samplings, the abundance of
females was higher than males: a situation that was especially marked in September, when
male abundance was drastically reduced. Regarding the juvenile araneids, their abundance
was highest at the beginning and middle of the rainy season (June–August), after which
the richness and abundance of both adults and juveniles gradually decreased as the dry
season approached (November–May). This seasonal pattern coincided with that mentioned
by Levi & Levi [100], who indicated that in early fall, araneids reproduce, after which the
males die, females build ovisacs in late fall and die as well in late spring, the eggs hatch
and, after the first month, juvenile spiders disperse on silk threads that they produce and
are carried by the wind (ballooning). Given the seasonal variation in araneids, they are
recognized as univoltine (annual life-cycle) spiders.

Another interesting pattern is that species turnover also occurs among seasons, with
changes in spider composition of 50% or more. This pattern of seasonal communities can
be found in several arthropod groups at the TDF [22,87,101], and it is probably a bottom-up
effect triggered by increased primary production in the rainy season.
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Environmental variables: The relevance, direction, and degree of the effect of the
abiotic factors on spider community structure remains one of the more controversial
aspects, with contrasting results varying from a high explanatory power of environmental
variables [7] to no effect [99], and while some authors mention a direct effect on the spider
community [24], others found evidence of an indirect effect [6]. Evidence also showed that
climatic variables might have no effect on predicting spider richness or abundance but
could be a good predictor of changes in spider composition [94,102]).

This contrasting evidence may be the result of differences in the geographic area,
vegetation type, and even the spider community selected to be assessed, varying from a
taxonomic delimitation (one or several spider families, Jiménez-Valverde and Lobo [102];
Carvalho et al. [6]; Esquivel-Gómez et al. [33]) to an ecological delimitation (ground-
dwelling spiders or orb-weaver families, Quijano-Cuervo et al. [7]; Campuzano and
Padilla-Ramírez [99]).

In the present study, we found that orb-weaver spiders responded differently and
early to each environmental variable and that each community had a different response to
changes in climatic variables [103–105]. When assessing the overall community, evaporation,
which can be interpreted as environmental evidence of the onset of the dry season, had an
almost instantaneous effect on decreasing abundance, richness, and diversity in the same
month that began to increase. Precipitation, on the other hand, had a sustained effect on the
community from the same month as the onset of rainfall up to one and two months later.

When evaluating the effect at each locality, community richness and abundance in
SME responded positively and immediately to rainfall, and that effect was maintained over
the following month; while it took three months for the community to respond to changes
in evaporation and temperature since SMEs had lost most of their tree cover and is the
most disturbed area, it is reasonable to think that the start of the rainy season triggered
primary production of the rapidly developing herbaceous and shrub strata, which in turn,
caused an upstream effect that could quickly reach the spider community.

On the other hand, the community at HA had a positive and maintained effect of
precipitation on spider abundance (same month, one- and two-month delay), while spider
richness took two months to respond to precipitation. Changes in precipitation only had
an effect on spider richness with a two- and three months delay. The fact that precipitation
played an important role in community structuring, but evaporation had no effect at this
locality may be due to the microclimatic conditions at HA, as it is the only locality with
riparian vegetation, with vegetation that tends to keep leaves even during the dry season
and with a permanently present water body.

Finally, EL showed a rapid and negative effect of evaporation on all the community
variables, but it seemed that the spider community took three months to respond to
changes in the amount of rainfall. EL has the most traditional TDF physiognomy, with a
high diversity of tree species, which are slow to produce leaves and flowers, thus delaying
the response time of the araneid community. In contrast, when the dry season begins, most
species abruptly shed their leaves, creating a fast upward effect that could quickly reach
the spider community.

Our results suggest that environmental variables may interact in different ways with
the orb-weaver community, mediated by microclimatic conditions and even the conser-
vation status at each locality. Furthermore, in order to discover any effect of the envi-
ronmental variables on the spider community, the time that the community needed to
respond to these changes must be considered. Some variables seem to have rapid effects
(such as evaporation and precipitation), while others always appear after a delay of two or
three months (as temperature). As more studies continued to look for these short- and long-
term responses, the effect of the abiotic factors on the structuring of spider communities
might become less obscure.
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Non-Parametric Estimators and Species Accumulation Curves

In some cases, even more, than half of the total number of reported species were
singletons and doubletons [33,106,107]. In spider inventories, there are usually many rare
species [89].

The number of expected species from each locality differed depending on the estimator
used (asymptote of the species accumulation curve, Chao 1, or Chao 2). In the case of SME
and EL, the different estimators differed considerably, while in HA, all three estimators
indicated a similar number of species. EL was the locality with the highest percentage of
the total species inventoried compared to the value of the asymptote. It is also important to
mention that this locality had a slope closest to 0.1, indicating that this inventory was the
most complete and reliable among the three localities sampled (Table 6). New [108] and
Jiménez-Valverde and Hortal [86], thus recognizing that results such as those obtained in
this study are frequent since spiders are a diverse group with a large number of rare species
(singletons, doubletons, unique, and duplicates). Considering the diversity of this group, it
can be hypothesized that with systematic sampling, the number of species collected could
even exceed the estimate.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/d15030466/s1, Table S1: Vegetation inventory of the three localities
studied. El Limón (EL), Cañadas Huautla-Ajuchitlán (HA) and San Miguel de Los Elotes (SME);
Table S2: Inventory of species collected in each sampling locality from Abril 2013 through March
2014. The eight new records for the state of Morelos are indicated with “*”.
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