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Abstract: Urbanization poses important environmental, social, and ecological pressures, representing
a major threat to biodiversity. However, urban areas are highly heterogeneous, with some greenspaces
(e.g., urban forests, parks, private gardens) providing resources and a refuge for wildlife communities.
In this study we surveyed 10 taxonomic groups to assess their species richness and composition in
six greenspaces that differ in size, location, management, and human activities. Species richness
differed among taxonomic groups, but not all differed statistically among the studied greenspaces
(i.e., sac fungi, bats). Plants, basidiomycetous and sac fungi, and birds showed intermediate
assemblage composition similarity (<54%). The composition of assemblages of copro-necrophagous
beetles, grasshoppers, amphibians, and bats was related to the specific traits of greenspaces, mainly
size and location. The species richness contribution of each greenspace considering all studied
taxonomic groups was highest in the largest greenspace that is located at the southeastern border
of the city, while the lowest contribution was recorded in the smallest ones, all of them closer to the
city’s center. Our results shed some light on the way in which different taxonomic groups respond to
an array of neotropical urban greenspaces, providing an important basis for future studies.

Keywords: urban ecology; urban forests; multi-taxonomic analysis; Neotropics; Mexico; urbanization;
species-area relationships; turnover rates; greenspace management; assemblage

1. Introduction

As the human population rises and global economic models drive people from rural areas to
urban centers, urbanization poses intensive demands with socio-economical and environmental
effects at multiple scales [1–3]. Such effects have been related to major components of global
change (i.e., land-use change, biogeochemical cycle shifts, climate change, biodiversity loss, biological
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invasions [1]), with urbanization identified as one of the most important causes of native species
endangerment [4,5]. Thus, the functioning, sprawling, and establishment of urban areas represent
important ecological and health issues [1].

Novel urban systems are highly heterogeneous, including distinctive land uses that often reflect
their origin and socio-economical role [6]. Among urban land uses, greenspaces—including a wide
range of variants (e.g., private gardens, sport fields, parks, urban forests/preserves, golf courses,
rights-of-way)—have been shown to shelter higher biodiversity than heavily developed land-uses
(e.g., residential, commercial, industrial) [7–10]. However, not all greenspaces play similar roles for
biodiversity, with active management practices and human activities (e.g., pruning, high visitation
volume) reducing their ecological value [11,12], as well as other habitat and geographic variables
(e.g., size, location) that mold their potential as biodiversity refuges [9,13]. The responses to such
variables can be attributed to underlying factors such as the biology of species, their sensitivity to
disturbance, species-area relationships, edge effects, habitat heterogeneity associated with greenspaces
and the history of local and regional land uses [13–17].

A vast body of literature focused on the ecology of urban systems has drawn generalized
biodiversity patterns [8]. However, there is a worrisome lack of knowledge regarding other
biological groups, given that much evidence-based urban management and planning is heavily
biased towards birds and vegetation [9]. Additionally, there is also a gap in our comprehension of
urban ecology patterns and processes in developing countries, where biodiversity is often high and
urbanization is expected to increase in the next decades [3,16–19]. Recently, urban ecologists have
addressed multi-taxonomic responses of native, non-native, and invasive species in urban areas [20,21].
These studies are not only a baseline for biological inventories, but also show the type of information
that several taxonomic groups can provide when assessing their ecological responses to urbanization.

Although urban greenspaces are intended to have important environmental functions, together
with other economic, social, and health functions [22], little is known about the relative role that the
arrangement of greenspaces in a city can have in sheltering biodiversity. In this study we assessed
multi-taxonomic species richness and composition shifts, as well as the overall species contribution
of six urban greenspaces with different sizes, management, and human activities in a neotropical
city (Xalapa, Veracruz, southeast Mexico). We expected an overall increase of species richness in
larger, peri-urban greenspaces with fewer management practices (e.g., pruning intensity, trail clearing)
and human activities (e.g., visitors, noise). Regarding species composition, we predicted peri-urban
greenspaces to have higher dissimilarity in relation to intra-urban sites due to their connectivity
with extra-urban systems; however, we expected the biology of each group and its association with
urbanization (e.g., positive for ants) also to drive this pattern. Finally, we expected larger urban
greenspaces, farther from the city’s geographic center and with fewer management practices, to shelter
a greater average proportion of all the studied groups when compared to smaller, managed greenspaces
located in the city’s core.

2. Materials and Methods

2.1. Study Area

We conducted this study in the city of Xalapa-Enríquez (referred to hereafter as Xalapa), state
capital of Veracruz de Ignacio de la Llave. Xalapa is located on the hillside of the easternmost
Trans-Mexican Volcanic Axis, where Neartic and Neotropic biotas meet (19˝32’2” N, 96˝55’8” W,
rainfall: 1100–1600 mm/year; elevation: 1100–1560 m above sea level). Xalapa is a small- to
medium-size city, the urban continuum of which includes four municipalities (~64 km2; [23]), and
houses ~600,000 inhabitants [24]. Historically, predominant vegetation surrounding Xalapa included
cloud forests in its central-southwestern section, tropical dry forests in its central-southeastern section,
and temperate forests in the northern section [21]. Currently, the landscape in which Xalapa is
embedded shows the urban land cover to be the most representative (49%), followed by agriculture



Forests 2016, 7, 146 3 of 14

(37%), grassland (9%), and “forested” areas (5%) [24]. Within its limits, Xalapa has a significant
amount of woody vegetation cover, basically comprised by parks, urban forests, private gardens, and
vacant lots [25]. In fact, Xalapa has been considered a green city, making it a unique setting for urban
ecological studies [21].

2.2. Urban Greenspaces

We surveyed six urban greenspaces in the central and southern parts of the city of Xalapa
(Figure 1), two of them peri-urban, with low management and moderate visitor rates (i.e., Parque
Natura, Santuario del Bosque de Niebla); the other three are intra-urban with moderately high
management and human activities (i.e., Parque Ecológico Macuiltépetl, Parque Miguel Hidalgo,
Parque de Los Tecajetes), and one is intra-urban without active management (i.e., Parque Ecológico
Molinos de San Roque; Figure 1).Forests 2016, 7, 146  4 of 14 
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Figure 1. Greenspace location in Xalapa (light gray polygon). 1: Natura; 2: Santuario; 3: Macuiltépetl;
4: San Roque; 5: Tecajetes; 6: Berros.

Parque Natura (referred to hereafter as Natura; 95.5 ha; ~1300 m a.s.l.) is the largest urban
greenspace of the city and part of its most extensive vegetation patch together with other greenspaces
(e.g., El Tejar-Garnica). It is a State Natural Protected Area located in the southeastern end of the city.
Predominant vegetation is represented by second-growth heavily-disturbed cloud-forest elements
with an important calid influence, as well as the presence of post-disturbance colonizing deciduous
species. Management and human activities are restricted to certain roads and recreational areas.

Santuario del Bosque de Niebla (referred to hereafter as Santuario; 76.8 ha; ~1340 m a.s.l.) is also a
State Natural Protected Area (managed by INECOL) located in the southwestern section of the city,
where dominant vegetation is second-growth cloud forest. This Natural Protected Area adjoins some
urban settlements, forest remnants, and shade-grown coffee plantations. Management is limited to a
gravel path and small trails for visitors.

Parque Ecológico Macuiltépetl (referred to hereafter as Macuiltépetl; 26.5 ha; ~1560 m a.s.l.) is
also a State Natural Protected Area located near the geographic centroid of Xalapa. Vegetation in
this inactive volcano includes second-growth cloud forests, although exotic ornamental species are
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well represented in the park. Management activities include gardening along main trails and specific
areas, tree removal and pruning, as well as the maintenance of a paved road; human activities are
considerable and include jogging, picnicking, group activities (e.g., dancing, martial arts), among
others, that peak during weekends.

Parque Ecológico Molinos de San Roque (referred to as San Roque; 17.6 ha; ~1450 m a.s.l.) is
also a State Natural Protected Area located in the northwest end of the city, mostly covered with
second-growth cloud forest; firewood extraction is a common but illegal practice. Management is
absent and human activities are low, with police patrolling along the trails due to increased insecurity.

Parque de Los Tecajetes (referred to hereafter as Tecajetes; 4.6 ha; ~1410 m a.s.l.) is a recreational
greenspace near downtown Xalapa. It is characterized by a steep terrain and a perennial spring that
supplies water to multiple fountains and fish tanks. Dominant tree species are Platanus mexicana and
Liquidambar styraciflua; understory is scarce in half of the park but in the steeper areas understory
resembles that of an old second-growth forest. Management includes intense gardening and
landscaping. Human activities include sports (e.g., basketball, football, skating), picniking, and
visiting on a regular basis.

Parque Miguel Hidalgo (referred to hereafter as Berros; 3.2 ha; ~1370 m a.s.l.) is a small recreational
greenspace located southwest in downtown Xalapa with important ornamental value. Although most
present tree species are planted, both native and exotic to Central Veracruz, the two dominant tree
species are Platanus mexicana and Liquidambar styraciflua. Human activities are high throughout the
week, including jogging, bicycling, skating, and even pony-back riding on weekends.

2.3. Sampling Methods

From June to November 2014, we sampled vascular plants, fungi (Ascomycetes and
Basidiomycetes), ants, grasshoppers, copro-necrophagous beetles, butterflies, amphibians, birds,
and bats in the six aforementioned greenspaces of Xalapa (Figure 1).

Plants: We sampled vegetation in the six greenspaces between July and October. We set five 10 m2

plots (1 m ˆ 10 m) per site which represented the variety of plant condition at each greenspace,
which were dominated by shrubs (woody vegetation up to 3 m with various stems) and herb
species (non-woody vegetation). For all species found in each quadrant, we obtained herbarium
specimens following Lot and Chiang [26]. After species identification, we deposited specimens in the
XAL herbarium.

Fungi: Ascomycetes (sac fungi): We delimited one quadrant of 10 m ˆ 20 m (200 m2) per
greenspace that was visited three times between August and September to carry out random
opportunistic paths, as recommended by Mueller et al. [27]. We collected sac fungi from fallen branches
and trunks with the help of a hand lens [28,29]. We analyzed blade cuts made on the sporecarps
and measured the asci and ascospores on a compound microscope. We dehydrated and labeled
all specimens for further deposition in the fungi collection of the XAL herbarium. Basidiomycetes:
We performed weekly opportunistic surveys for fructifications [27,30] of basidiomycetous macrofungi,
focusing on Agaricales, Russulales, and Boletales. We performed collects with the same sample effort
at each greenspace between May and October. We recorded and analyzed specimens macro- and
microscopically [31–33]. For both fungi groups (i.e., sac, basidyomicetous), specialized literature was
the basis for the taxonomic treatment of species [34–37].

Ants: We visited all sites between July and October. We outlined two perpendicular transects
randomly at each park separated at least 200 m, with 10 sampling locations every 10 m (n = 20) and
where bait bond papers (10 m ˆ 10 cm), one with tuna fish and a second one with bee honey as
attractants. We collected all individuals attracted by baited papers after one hour [38]. Additionally,
we complemented our sampling by searching for foraging ants in the area (e.g., soil, vegetation)
for 10 min per sampling site. Following capture, we identified all individuals with the aid of
specialized keys [39,40] before final deposition in the entomological collection of the Instituto de
Ecologia, Xalapa (IEXA).
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Grasshoppers: We performed direct air net collection on four transects (36–40 m longˆ 1 m wide),
in 12 sampling points per greenspace between July and September. Total travel time was ~10 min per
sampling point [41,42].

Copro-necrophagous beetles: We sampled copro-necrophagous beetles at each greenspace in July
and August. We used pitfall traps baited with decaying squid and human feces, using propylen-glycol
as preserver; a modified version of the NecroTrap 80 (NTP-80) [43,44]. We set three traps with
each bait type, separated at least 15 m apart from each other, across equivalent areas at each
greenspace. We left the traps in site for three weeks and returned the collected material to the
lab. We identified all collected individuals with specialized literature [44–46] and deposited them in
the IEXA entomological collection.

Butterflies: We surveyed diurnal butterflies (Lepidoptera: Papilionoidea) in September and
October, between 9 a.m. and 4 p.m. when environmental conditions were adequate (i.e., no rainfall,
environmental temperature was ě20 ˝C [47]). We recorded all individuals seen or caught during a
four-hour intensive search per greenspace. Following capture, we identified most individuals in the
field with the aid of specialized local field guides [48,49]. We collected the unidentified specimens and
deposited them in the IEXA entomological collection after their identification.

Amphibians: We sampled amphibians between September and November using a time-constraint
technique [50]. Each greenspace was sampled once at nighttime between 8 p.m. to 1 a.m. for three
hours by four well-trained field technicians (12 h/greenspace, 72 total h/person). We identified all
individuals to species level and released them at the site of capture.

Birds: We surveyed landbirds during June at each greenspace using 25 m radius point counts
(from 7 a.m. to 10 a.m., 5 min [51]). We performed 10 point-count repetitions at each greenspace and
considered all birds seen or heard actively using the surveyed area in our analysis.

Bats: We surveyed aerial insectivorous bats in August by using ultrasound detection in
20 repetitions per greenspace [52]. We started our recordings 10 min after sunset in 5 min intervals.
We digitized bat calls (250 kHz sampling rate, 8 bit) with an Ultramic 250kHz microphone (Dodotronic,
Dodotronic di Ivano Pelicella, Castel Gandolfo, Italy). We inspected the recordings using sonographic
software (BatSound Pro, Pettersson Elektronik AB, Uppsala, Sweden) and assigned calls to species by
comparison with a reference collection of recordings obtained in the region. Finally, we quantified the
“relative abundance” of bats as total number of bat detection instances or “passes” registered at each
site [53].

2.4. Statistical Analysis

To allow multiple comparisons, we determined the statistical expectation of species richness (Sm)
of every studied taxonomic group in all greenspaces using individual-based data calculation with the
package iNEXT [54]. This software, allows the calculation of comparable, rarefied species richness
values for multiple datasets by simultaneously extrapolating all samples up to two times their sampling
effort, which avoids unstable results [55]. To establish statistical differences in species richness among
greenspaces for each taxonomic group, we contrasted Sm 84% confidence intervals (CIs) and assumed
statistical differences in non-overlapping intervals. We used 84% CIs as they precisely mimic 0.05 tests,
as contrasting 95% ones can lead to uncertain interpretations (often resulting in Type II errors) when
intervals overlap [56].

To assess taxonomic composition differences among greenspaces, we calculated βsim [57].

This index quantifies the relative magnitude of shared species in relation to the sample with less
unique species, making it useful for samples with different species richness [58,59]. We calculated βsim

using the vegan package in R [60] (formula in vegan: min(b,c)/(min(b,c)+a)) and generated matrices
of taxonomic similarity among greenspaces for each studied group and represented it using average
hierarchical clustering dendrograms using R [60]. In order to evaluate overall species contribution
of each of the studied greenspaces to the total recorded diversity, we calculated the percentage of
species pertaining to each studied taxonomic group recorded at each greenspace in relation to the
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overall recorded species for each group. We then computed a generalized linear model (GLM, family:
Gaussian; transformation for percentages: arcsin 2

?
x/100) to assess differences in the proportional

contribution by taxonomic group at each of the studied greenspaces. Finally, we calculated post hoc
general linear hypothesis tests for paired statistical comparisons in R [60].

3. Results

3.1. Species Richness

Due to the low number of recorded species of grasshoppers (in Tecajetes and Berros), as well
as copro-necrophagous beetles and amphibians in all six greenspaces, we were not able to calculate
CIs. Regardless of the latter, we found three main species richness patterns from the taxonomic
group perspective: (1) no differences among all six greenspaces (i.e., sac fungi, copro-necrophagous
beetles, bats), (2) higher richness in large outermost greenspaces and lower richness in smaller ones
(i.e., basidiomycetous fungi, grasshoppers, amphibians, birds), and (3) highest richness of ants in
the smallest greenspace and lower richness in the rest of studied greenspaces, except Macuiltépetl.
Regarding plants and butterflies, we found no clear patterns, with the former having high richness in
Tecajetes and Natura—two contrastingly different greenspaces—and similar values in the remaining
greenspaces, and the latter showing highest richness in Natura, lowest richness in San Roque, and
intermediate values in the remaining greenspaces (Table 1). In sum, we recorded an overall increase
of species richness in larger peri-urban greenspaces (i.e., Natura, Santuario), intermediate values in
Macuiltépetl and Tecajetes, and the lowest values in San Roque and Berros.

Table 1. Estimated species richness (Sm ˘ 84% CI) for the studied taxonomic groups in all
studied greenspaces.

Natura Santuario Macuiltépetl San Roque Tecajetes Berros

Plants
50.3 ˘ 5.5 43.1 ˘ 3.4 36.5 ˘ 2.9 33.1 ˘ 4.0 53.0 ˘ 5.3 19.8 ˘ 8.2

(AB) (B) (C) (C) (A) (D)

Sac fungi 18.9 ˘ 3.3 17.7 ˘ 2.9 19.1 ˘ 2.4 20.1˘ 3.0 18.6 ˘ 2.7 12.9 ˘ 7.6
(A) (A) (A) (A) (A) (A)

Basidiomycetous fungi 21.9 ˘ 1.2 40.4 ˘ 1.7 20.2 ˘ 1.5 12.7 ˘ 2.4 5.0 ˘ 1.8 13.9 ˘ 1.6
(B) (A) (B) (C) (D) (C)

Ants
6.4 ˘ 1.1 5.4 ˘ 0.8 8.2 ˘ 2.2 5.0 ˘ 1.2 6.0 ˘ 0.0 12.1 ˘ 4

(B) (B) (AB) (B) (B) (A)

Grasshoppers 14.5 ˘ 1.9 12.1 ˘ 2.0 10.6 ˘ 2.0 12.8 ˘ 8.9
3 5(A) (A) (A) (A)

Copro-necrophagous
beetles 4 5 4 5 5 3

Butterflies
30.2 ˘ 2.4 22.3 ˘ 6.2 26.5 ˘ 6.3 22.4 ˘ 4.3 27.9 ˘ 11.4 26.2 ˘ 12.3

(A) (AB) (AB) (B) (AB) (AB)

Amphibians 7 5 2 1 1 3

Birds
18.0 ˘ 2.9 14.5 ˘ 4.7 13.1 ˘ 2.9 14.8 ˘ 3.9 8.8 ˘ 7.1 11.3 ˘ 2.2

(A) (AB) (AB) (AB) (AB) (B)

Bats
5.6 ˘ 0.4 4.6 ˘ 1.8 6.6 ˘ 3.8 3.7 ˘ 2.1 5.7 ˘ 0.7 6 ˘ 0

(AB) (AB) (AB) (B) (AB) (A)

Letters below values for each greenspace indicate statistically significant differences.

3.2. Composition Similarity

Taxonomic composition similarity, assessed using βsim matrices represented in clustering
dendrograms, shows that the assemblage similarity of plants, basidiomycetous and sac fungi, and
birds among greenspaces is less than half of the overall recorded species (<54%; Figure 2). Regarding
assemblages with higher average assemblage similarities, four of the studied taxonomic groups
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responded either to size and location, as well as to management and human activities. We found
three taxonomic groups with similarity values >75% (i.e., copro-necrophagous beetles, amphibians,
bats), recorded in Natura and Santuario. Regarding management and human activities of the studied
greenspaces, only one group (i.e., grasshoppers) responded to low management and human activities
that occur in San Roque and Santuario, and two groups (i.e., copro-necrophagous beetles, amphibians)
responded to the high degree of greenspace management and human activities in Berros and Tecajetes
(Figure 2). It is noteworthy that the two remaining groups (i.e., ants, butterflies) that showed no clear
pattern regarding the size, location, management, or human activities of the studied greenspaces did
not show high average similarity clustering values (~45%–70% similarity).
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3.3. Greenspace Richness Contribution

Greenspace species richness contributions varied significantly among sites (GLM: F(5, 54) = 3.42,
p = 0.009). Post-hoc general linear hypothesis tests show a significantly higher contribution of
Natura when compared to Berros, San Roque, and Tecajetes (all p-values <0.016). However, no other
statistical differences were recorded (all p-values >0.33), indicating that Santuario and Macuiltépetl
have intermediate richness contributions in relation to the rest of studied greenspaces (Figure 3).
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Figure 3. Average greenspace contribution to total species richness of all studied taxonomic groups
(error bars represent SE). Black dots indicate the contribution of each taxonomic group per greenspace;
letters above values for each greenspace indicate statistically significant differences.

4. Discussion

Using multi-taxonomic approaches to assess biodiversity responses to urbanization will lead to a
better understanding of the phenomenon [20,21,61]. Our multi-site and multi-taxonomic approach
allowed us to unveil some interesting patterns within the complex scenario given by the greenness of
Xalapa (as well as its location in the Mexican Transition Zone), regarding the relationships between
size, location, management, and human activities of urban greenspaces on 10 taxonomical groups.
In general, our results show that overall species richness rises in peri-urban large greenspaces, with
management and human activities driving the species richness and composition of some of the studied
taxonomic groups. Nevertheless, given the nature and distribution of large-sized greenspaces in
Xalapa, as well as the high insecurity in peri-urban small greenspaces, we could not have a balanced
design. Thus, some of our results should be taken cautiously, particularly regarding the role of
management and location.

Greenspaces with highest species richness values were the larger ones, both located in the
peri-urban area of Xalapa (i.e., Natura, Santuario). As seen in other studies, large, peri-urban
greenspaces mitigate the negative role of urbanized areas (e.g., habitat disruption, reduced resource
availability), potentially favoring species richness for certain taxa [9,62,63]. This suggests that
larger areas that are connected with the non-urban matrix can offer an important array of resources.
Thus, by providing supplementary or complementary resources that may compensate for limited
resource availability in greenspaces, they could allow the influx of individuals from the non-urban
matrix, and enable the temporal establishment of populations of species of moderate sensibility
to urbanization [64–66]. It is noteworthy to state that both Natura and Santuario have native
ecosystem remnants and/or elements, which could be also driving our species richness results.
Regarding the species richness of the intra-urban medium- to small-sized greenspaces, management
and human activities seemed to play a more important role than size for some taxa, highlighting the
importance of multi-taxonomic studies. For instance, San Roque, a medium-sized greenspace with low
management and human activities had less richness for most groups that showed statistical differences
among greenspaces (except sac fungi and birds), similar to that of smaller greenspaces with higher
management and human activities (i.e., Tecajetes, Berros).
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From a taxonomic group perspective, our species richness results show that there are assemblages
with: (1) highest richness values in large greenspaces with low management and human activities
and lowest values in small, heavily managed and visited greenspaces (i.e., basidiomycetous
fungi, grasshoppers, amphibians, birds), (2) highest richness in the smallest heavily managed
and visited greenspaces (i.e., ants), (3) no differences among the studied greenspaces (i.e., sac fungi,
copro-necrophagous beetles), (4) mild differences (i.e., bats), and (5) inconsistent patterns
(i.e., butterflies, plants). This shows how the species richness of some of the studied groups can
be used as indicator groups for different scenarios if the requirements to be considered as bioindicators
are met [67]. It is noticeable that inconsistent patterns for plant richness could be related to the nature
of urban vegetation in the greenspaces of Xalapa, many of which are planted and exotic, which in turn
could be affecting the butterfly and other groups’ responses [68–70].

Setting our species richness results into context, assemblage composition similarity results
revealed that some groups, such as plants, birds, basidiomycetous, and sac fungi, in the six studied
greenspaces show a <54% similarity across the six studied greenspaces. As recorded in a previous
multi-taxonomic study performed in Xalapa contrasting heavily versus lightly urbanized areas, fungi
are, in general, site-specific [21]. Both studied fungi groups showed a nested pattern, highly differing in
the ordering of greenspaces, which could be given as a response to habitat disruption [71,72]. However,
our fungi results do not consider all active dormant mycelia [73], which is a reason why they should
be interpreted cautiously. Plant assemblage composition in urban greenspaces responded primarily
to the presence of native ecosystem remnants, with a mixture of Nearctic-Netropical elements, and
also to the presence of planted species, making plant assemblages site-specific, responding to human
decision-making [74]. The case for birds is quite interesting; their similarity values are intermediate
and show a clear pattern, with two clusters: (1) Natura, Santuario, San Roque and (2) Macuiltépetl,
Tecajetes, Berros. The first cluster represents the two largest peri-urban studied greenspaces, while
San Roque is the intra-urban greenspace that has less management and human activities and includes
cloud forest vegetation components. The second group includes more managed and visited intra-urban
greenspaces. This shows that, although different bird assemblages are being sheltered in the studied
greenspaces, size and location can be overridden by site-specific variables, as previously suggested by
Evans et al. [75].

Assemblage composition similarity dendrograms for grasshoppers, ants, copro-necrophagous
beetles, amphibians, and bats showed high average similarity values among the studied greenspaces
(>75%), with many greenspace assemblages showing 100% shared species (i.e., copro-necrophagous
beetles, amphibians, bats). This result could be given by the low species richness recorded in the
studied greenspaces (average of about three to nine species per greenspace), which could be a result of
the semi-permeable filtering of species from the non-urban matrix [9,65]. This was particularly true for
copro-necrophagous beetles, amphibians, and bats, with contrastingly different assemblages in large
peri-urban greenspaces. Also, management and human activities showed to play an important role in
molding grasshoppers, copro-necrophagous beetles, and amphibians. In this sense, we recorded highly
similar assemblages in Santuario and San Roque, two greenspaces with contrasting sizes and location,
making them potential bioindicators of contrasting greenspace management and human activities,
especially low ones. This agrees with previous studies that have shown grasshopper diversity to
shift with habitat traits and management, mainly with those that mold their herbivorous diet [76,77].
In the case of copro-necrophagous beetles and amphibians, results are driven by the nestedness of three
copro-necrophagous species in Berros also present in Tecajetes, and of one amphibian species recorded
in Tecajetes and shared with Berros. It its noteworthy that we did not find any composition pattern for
butterflies, suggesting that their assemblages are driven by variables that were not measured in this
study (e.g., resource availability).

Finally, our greenspace richness contribution results show that, as Hostetler et al. [78] and
Beninde et al. [79] highlight, creating green infrastructure, which increases connectivity, is only the
first step in conserving urban biodiversity. As supported by our species richness results, Natura,
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the largest peri-urban greenspace, is the greenspace with the highest contribution, regardless of
being, by comparison, the peri-urban greenspace with greater management and human activities.
Interestingly, Santuario and Macuiltépetl, two contrastingly different greenspaces in terms of size,
location, management, and human activities, contributed similarly in sheltering overall recorded
species richness. It is surprising that Macuiltépetl, a small-sized inactive volcano (26.5 ha) located near
the centroid of the city, can shelter similar biodiversity when compared to a lightly managed peri-urban
greenspace, highlighting the importance of this unique site (as recorded previously [80,81]). Besides
Macuiltépetl, the rest of studied intra-urban greenspaces sheltered significantly less overall species in
average, as would be expected due to the isolation effects of urbanization [82]. Interestingly, Tecajetes
sheltered a high proportion of copro-necrophagous beetles (62.5%) and bats (57.1%), while we recorded
54% of the total ant species in Berros. This underlines the value of small greenspaces for certain
groups that benefit from managed, disturbed, and open areas, where resources are more abundant
for them [83–85]. It is noticeable that among Berros, Tecajates, and San Roque (the three smallest
intra-urban greenspaces), the latter was the one with lowest values for most studied taxonomic groups,
noticing that although this is a lightly managed and unvisited greenspace with cloud forest elements,
its contribution to local biodiversity is relatively low. Since our study design keeps us from separating
the effects of management, human activities, and location, we hypothesize that these differences could
be given by the biases of sampling some sites in highly heterogeneous urban greenspaces; however,
further studies are needed to untangle this counterintuitive finding.

Many aspects of the biology and ecology of the studied taxonomic groups—which are most
probably driving our results—are understudied, even more so within tropical and subtropical urban
systems [21]. Although there is a rising interest among ecologists to study urban systems in developing
countries, the current dearth of knowledge leaves us incipient evidence-based foundations to propose
and/or demand different urban settlement, management, and planning strategies and practices [86].
Undoubtedly, the more we understand wildlife communities within complex urban areas, together
with other physical and social components, the closer we will be to balancing the quality of human life
quality and our detrimental effects on biodiversity and human welfare [87–90].
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