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Abstract

Vachellia farnesiana is an important shrub in arid and semi-arid ecosystems because it pro-
vides resources for diverse insect communities. However, the factors influencing insect
assemblages associated with this species under contrasting habitat conditions remain
poorly understood. This study evaluated the diversity, composition, and functional groups
of insects associated with flowering V. farnesiana at two sites with contrasting tree spatial
configurations in Mapimi, Durango, Mexico. Taxonomic diversity was assessed using
Hill numbers and sampling coverage, whereas community composition was analyzed
using generalized linear latent variable models (GLLVM) and non-metric multidimensional
scaling (NMDS). A total of 1461 insects belonging to 6 orders and 33 families were recorded.
Although the total abundance was similar between sites, the diversity, community com-
position, and functional structure differed. Site S1 showed higher richness and diversity
(q0=33,q1 =7.62, g2 = 3.85) than S2 (q0 = 16, q1 = 4.23, q2 = 2.87). S1 also supported more
parasitoids, predators, and saprophytes, whereas S2 was dominated by phytophagous
insects, mainly Aleyrodidae and Thripidae. Sampling coverage was high (51 = 0.986;
52 =0.999), indicating adequate representation of both communities. GLLVM detected sig-
nificant differences in family composition and abundance after accounting for temperature
and relative humidity, and NMDS showed partial separation between sites. These findings
indicate that habitat characteristics are associated with variation in insect communities
linked to V. farnesiana, highlighting its importance as a resource supporting multiple insect
functional groups in arid ecosystems.

Keywords: arid regions; Fabaceae; functional groups; huizache; insect ecology

1. Introduction

Woody legumes in arid and semi-arid ecosystems, such as huizache [Vachellia farnesiana
(L.) Wight & Arn; Fabaceae] [1], serve as microhabitats that support local biodiversity.
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However, changes in habitat structure, landscape connectivity, and the spatial distribution
of vegetation can influence the diversity, composition, and ecological functions of insect
communities by altering resource availability and dispersal opportunities [2-5]. Huizache
is well-adapted to the challenging environmental conditions of arid and semi-arid zones [1].
This species is distributed from the United States to South America and occurs in all
Mexican states except Tlaxcala and Mexico City [6]. In Mapimi, Durango (Mexico), the
species V. farnesiana is found primarily near both active and abandoned agricultural fields, a
pattern that contributes to a decline in tree density and a shift in its population distribution.
According to Taylor et al. [7], effective habitat conservation and management require a
thorough understanding of the interactions between plants and insects, which can help
mitigate or prevent negative impacts on insect diversity.

Huizache is an evergreen tree species that produces yellow flowers in heads emerging
from the axils of its thorns; these flowers may be solitary or form clusters of two or three. In
some cases, the abundance of flowers gives the trees a yellow appearance. Flowering occurs
primarily between December and March, depending on the region [6]. Individual trees can
reach heights of up to 10 m and possess compound leaves and pod-shaped fruits, which
serve as essential forage resources for sheep, goats, and wildlife [1,7]. The pods protect
seeds that are edible for certain animals, such as sheep [8]. The fruits are rich in crude
protein and low in digestible fiber. Tannins present in these tissues function as antioxidants
and enhance amino acid absorption, which may improve the meat quality for consumers [9].
Beyond its value for livestock, the species exhibits phytoremediation capabilities for toxic
elements [10]. The trees also fix atmospheric nitrogen through bacterial symbiosis [8].
Additionally, pod extracts have demonstrated insecticidal efficacy against Aedes (Stegomyia)
aegypti (Linnaeus, 1762) larvae [11]. These attributes underscore the multifunctional role of
huizache in agroecology and natural resource management in Mexico.

Although Vachellia farnesiana has a wide distribution, the network of interactions be-
tween insects and the huizache in the region’s semi-arid, human-altered landscapes has not
yet been characterized from the perspective of functional groups. Some studies have docu-
mented the whitefly species Tetraleurodes acaciae (Quaintance), and two genera of parasitoids
of the order Hymenoptera, Eretmocerus Haldeman 1850 (Aphelinidae) and Signiphora Ash-
mead, 1880 (Signiphoridae), on huizache trees in Mapimi, Durango [12]. Meanwhile, Heuzé
et al. [13] indicate that this plant species can host scale insects (Hemiptera: Coccoidea)
and is attractive to bees (Hymenoptera: Apidae). Vergara-Pineda et al. [14] documented
several families of the order Hymenoptera (Chalcididae, Eulophidae, Eurytomidae, Ich-
neumonidae, and Tetracampidae), as well as wasps of the genus Triaspis (Haliday, 1835)
(Hymenoptera: Braconidae), as parasitoids of Coelocephalapion subornatum (Fall, 1898) larvae
inside galls on V. farnesiana shoots. Therefore, the objective of this study was to evaluate
whether differences in host plant density, patch configuration, and the structural connectiv-
ity of Vachellia farnesiana were associated with variation in insect diversity, abundance, and
community composition.

2. Materials and Methods
2.1. Study Area

The research was conducted in Mapimi, Durango, in the Chihuahua Desert. This
region features a landscape of plains and elevations ranging from 1076 to 2200 m above sea
level. The geological substrate consists mainly of limestone. The prevailing climate ranges
from very dry (BWh) to semi-arid (BSh). The prevailing winds are the trade winds from
the northwest, which contribute to the area’s aridity [15]. The study area is characterized
by arid climatic conditions, with mild to cold winters and occasional frosts, and average
annual temperatures ranging from approximately 13 to 22 °C [16]. The average annual
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precipitation is 300 mm [17]. These extreme conditions favor the presence of xerophytic
vegetation, whose dominant genera are Cercidium, Chilopsis, Condalia, Fouquieria, Opuntia,
and Prosopis [18].

2.2. Sampling Sites

Sampling sites were selected based on the presence of 35 V. farnesiana trees taller than
3 m. The spatial structure of the V. farnesiana trees was characterized using ecological
metrics that describe the spatial configuration of the habitat [4,5]. At each site, the study
area was delineated and the spatial distribution of the individuals was recorded; based
on this, the following metrics were obtained: total habitat area (ha), host plant density
(trees ha~1), number of patches, area of each patch (m?), average distance between patches
(dc) [5], and distances between consecutive patches (m). Host plant density was calculated
as the ratio of the number of recorded individuals to the study area (D = N/A), where D
corresponds to density (trees ha~!), N to the number of individuals, and A to the study
area (ha). Together, these metrics allowed us to characterize the spatial structure of host
plants and the structural connectivity among V. farnesiana clusters, providing a quantitative
description of the availability and spatial distribution of resources potentially utilized by
the associated entomofauna [4,5,19].

Site 1 (S1) was located near the Regional Unidad Regional Universitaria de Zonas Ari-
das (URUZA) of the Universidad Auténoma Chapingo (UACh) at coordinates 25°53/34” N
and —103°36'21"” W (Figure 1). This site was characterized by 35 huizache trees covering
0.91 ha. The trees ranged in height from 3 to 6 m and had canopies that, for the most
part, touched one another. To the south, S1 borders a cultivated area, and to the north,
a wilderness area. Although sorghum was not grown during the insect trapping period,
crops are typically planted between April and August each year. This ensures that the
huizache trees have access to soil moisture thanks to flood irrigation of the cultivated area

and seepage from the irrigation canal.
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Figure 1. Location of sampling sites for the huizache (Vachellia farnesiana) in Mapimi, Durango, Mexico.
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Site 2 (S2) was located 4 km south of S1, at coordinates 25°51’47" N and —103°36/3" W
(Figure 1). This site was characterized by having the same number of huizache trees in
an area of 5.59 ha. For the most part, the trees did not touch one another and had larger
canopies than those at S1, although the tree heights were similar at both sites (3 and 6 m).
There were no nearby crops at this site during the sampling period. However, at other
times of the year, corn and sorghum crops were observed; but unlike S1, irrigation water
did not reach all the trees directly, nor were leaks observed in the irrigation canals, although
water did reach those trees adjacent to the croplands during irrigation.

2.3. Fieldwork

Sampling was conducted during the flowering phase of the huizache to record the
insects associated with this phenological stage of the plant species and was carried out
weekly (17 and 24 February as well as 3, 10, and 17 March 2023). Sampling was conducted
between 7:00 and 10:00 a.m., alternating the start time between the two sites. The weekly
sample was obtained from collections made in the floral area of 10 randomly selected trees,
using 10 sweeps with an entomological net on each tree. Sampling time varied between
30 and 45 min, depending on the trees’ characteristics (height and crown size) and the
distance between them. The specimens were then preserved in 1.5 mL polypropylene
tubes containing 70% ethyl alcohol. At both sites, relative humidity and temperature were
measured at the beginning and end of each sampling using a hygrothermograph (Control
Company, Cat. No. 4040, Friendswood, TX, USA).

2.4. Laboratory Method

The insects were mounted according to each specimen’s size. The insects were identi-
fied to the family level based on their morphological characteristics, using either an Iroscope
N2-14 stereomicroscope (Iroscope, Hermosillo, Sonora, Mexico) or a Carl Zeiss Axioscope
Al compound microscope (Carl Zeiss AG, Oberkochen, BW, Germany). depending on the
insect’s size. For the identification of orders, families, and major functional groups, the
keys by Johnson & Triplehorn [20], Triplehorn et al. [21], and Fernandez and Sharkey [22]
were used.

2.5. Statistical Analyses

Statistical analysis of the data was performed using the R statistical environment. To
estimate and compare alpha diversity among study sites, Hill’s number (q =0, 1, 2) was
calculated using the iNEXT package in R (Version 4.4.3), which allows for an integrated
analysis of family richness (q = 0), Shannon diversity (q = 1), and Simpson’s dominance
(q = 2) [23]. In addition, sampling coverage curves for each site were generated based
on the Good-Turing estimator [23] to assess the proportion of the community effectively
sampled. The effect of sampling site on the taxonomic composition of insects was assessed
using a multivariate generalized linear model with latent variables (GLLVM). A negative
binomial distribution was used to account for overdispersion in count data, using the
GLLVM package (Version 2.0.5). The fixed effect in the model was sampling site, and
temperature and relative humidity were included as covariates to control for climatic
noise during sampling and to isolate the effect of the habitat’s ecological configuration
on insect abundance and diversity. Model performance was evaluated using a likelihood-
ratio test comparing the full model with a null model. In addition, the variation in the
composition of insect families across sampling sites was visually explored using non-metric
multidimensional scaling (NMDS) based on Bray—Curtis dissimilarity matrices.
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3. Results
3.1. Sampling Sites

The spatial structure of Vachellia farnesiana differed between the two study sites. A to-
tal of 35 trees were assessed at both sites. However, the area occupied by the species
was 0.19 ha at S1 and 5.59 ha at S2. Consequently, the density of host plants was
184.21 trees ha~! at S1 and 6.26 trees ha~! at S2. In addition, 16 vegetation patches were
identified at S1 and 37 at S2. The patch areas ranged from 19.71 to 300.57 m? in S1, and
from 5.59 to 704.02 m? in S2. The average distance between patches was 16.91 m in S1 and
94.99 m in S2. Likewise, the distances between consecutive patches ranged from 5.21 to
39.76 m in S1 and from 12.39 to 806.87 m in S2.

The results for temperature and relative humidity were as follows. At 51, the average
temperature at each sampling point ranged from 6.3 to 27.4 °C; at point S2, the recorded
temperatures were slightly lower (between 5.8 and 21 °C). As for relative humidity, at
51 the average minimum was 20.5%, and the maximum was 26%; at point 2, the average
minimum was below 20%, and the maximum was 26%.

3.2. Absolute Abundance of Insect Families

A total of 759 and 702 adult insects were collected at sites S1 (Figure 2A) and S2
(Figure 2B), respectively. A total of 33 specimens could not be identified down to the family
level because they were damaged (22 from S1 and 11 from S2). Among them were four
Lepidoptera, 23 Diptera, one Hemiptera, and five Hymenoptera. The order with the most
identified families was Hymenoptera, with 11 families. The family Pteromalidae stood out
for its abundance at S1 and its frequency in the samples (F = 0.6). At S2, the Aphelinidae
family stood out for its abundance, although it was collected in only two samplings
(F = 0.4). Within the order Coleoptera, the Curculionidae family was the most prominent,
with a frequency of over 50% at both sites. The Phoridae family was the most abundant in
the order Diptera. A constant presence at both sites and on all sampling dates places (F = 1)
the Aleyrodidae (Hemiptera) and Thripidae (Thysanoptera) families as the dominant ones
in the entomological community associated with V. farnesiana (Figure 2).

The predominant functional groups at the family level were phytophages and para-
sitoids, followed by predators in S1. In S2, the largest functional group was parasitoids,
followed by phytophages and predators. However, in terms of insect abundance, phy-
tophages outnumbered the other functional groups at both sites (Table 1). Some families
are described below.

Table 1. Diversity of family richness and abundance of insects grouped by functional group at two
sites with different ecological configurations of the habitat.

Functional S1 S1 S2 S2
Communities Families Specimens Families Specimens
Phytophages 10 622 4 612

Parasitoids 9 37 5 19

Predators 7 31 3 35
Saprophytes 7 28 2 22
Pollinators 2 17 2 2
Omnivores 1 2 0 0
Total 36 737 * 16 691 *

* Unidentified insects were not assigned to any functional group. Note: The classification was based on the
predominant functional group within the family, although some insect families may include species with different
roles in the ecosystem.
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Figure 2. Insect families and capture frequency on Vachellia farnesiana during the flowering stage at
two sampling sites in Mapimi, Durango, Mexico. (A) Site 1 and (B) Site 2. From the center outward,
the following are shown: order, family, abundance of insects, and frequency of occurrence (1 = present

5 times; 0 = not present).

Family Aleyrodidae

The family Aleyrodidae (Hemiptera: Sternorrhyncha), commonly known as whiteflies,
comprises phytophagous insects with piercing-sucking mouthparts that feed on the phloem
of a wide variety of host plants. In Mexico, 131 species from 30 genera have been identified.
Species in this family exhibit a high capacity for colonization and a wide geographic
distribution, and they predominate in tropical and subtropical regions. Both nymphs
and adults cause direct damage by extracting sap and producing honeydew; furthermore,
several species serve as important vectors of phytopathogenic viruses, making them one of
the most ecologically and economically significant groups of hemipterans [24].

Family Pteromalidae

The family Pteromalidae (Hymenoptera: Chalcidoidea) comprises a highly diverse
group of small parasitoid wasps, widely distributed in natural and agricultural ecosystems,
whose species employ a wide variety of parasitism strategies targeting the eggs, larvae,
and pupae of insects from different orders, and play a fundamental role in the natural
regulation of their populations and in biological pest control [25].

Family Anthocoridae

The family Anthocoridae (Hemiptera: Heteroptera), known as “pirate” bugs, com-
prises small predatory hemipterans widely distributed in natural and agricultural ecosys-
tems. The family comprises between 400 and 600 species worldwide. Most are generalist
predators that feed on a wide variety of soft-bodied arthropods, including thrips, aphids,
whiteflies, mites, psyllids, and lepidopteran eggs, although they may also feed on pollen
and other plant resources when prey availability is limited [26]. Thanks to their high
foraging capacity, dietary flexibility, and adaptation to diverse habitats (plant type can
influence the performance of natural enemies), anthocorids play a fundamental role in
the natural regulation of phytophagous insect populations and are important agents of
biological control [27].
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Family Leiodidae

The family Leiodidae is primarily classified as a saprophagous functional group, since
most of its species thrive on decaying organic matter and feed on fungi, spores, or myxomycetes;
for this reason, they are also considered mycophagous within the saprophagous Coleoptera [28].

Family Syrphidae

The family Syrphidae (Diptera), commonly known as flower flies, comprises a diverse
group of flies with a wide global distribution, thanks to the migratory ability of some
species; furthermore, they play a significant ecological role in natural and agricultural
ecosystems. Adults are frequently found near flowers, where they feed on nectar and
pollen, making them important pollinators of numerous wild and cultivated plant species.
Flies in this family play key roles in pollination and natural biological pest control (during
their larval stage) and are considered beneficial insects in agroecosystems [29,30].

Family Formicidae

Ants (Hymenoptera: Formicidae) are one of the most abundant and ecologically domi-
nant groups of insects in terrestrial ecosystems. They perform a wide range of ecological
functions, including seed dispersal, predation on other arthropods, soil modification, or-
ganic matter decomposition, and nutrient cycling, thereby contributing substantially to
ecosystem functioning [31]. In addition, they act as predators, and many species exhibit
flexible omnivorous behavior that includes exploiting energy resources from honeydew-
producing hemipterans, such as aphids and scale insects, with which they establish mu-
tualistic relationships of cooperation and protection [32]. Owing to their high abundance,
functional diversity, and sensitivity to environmental disturbance, ants are widely recog-
nized as ecosystem engineers and reliable bioindicators for assessing ecological changes in
natural, agricultural, and urban ecosystems [31,33].

3.3. Relative Abundance of Families

The relative abundance of the insect families identified on V. farnesiana at both sampling
sites is shown in Table 2. The family with the highest percentage at S1 was Aleyrodidae, at
44.7%; all specimens belonged to the whitefly [Tetraleurodes acaciae (Quaintance) (Hemiptera:
Aleyrodidae)]. At S2, the highest relative abundance corresponded to the Thripidae family, at
49.0%. With 10 families, the total reached 89.6% at S1 and 96.4% at S2. This indicates that 10.9%
and 3.6% correspond to the relative abundance of rare families at S1 and S2, respectively.

Table 2. Relative abundance of the 10 major families identified during the flowering season of
Vachellia farnesiana at two sampling sites in Mapimi, Durango, Mexico.

S1 S2

Order Family R. A. (%) Order Family R. A. (%)
Hemiptera Aleyrodidae 447 Thysanoptera Thripidae 49.0
Hemiptera Cicadellidae 14.5 Hemiptera Aleyrodidae 30.2
Thysanoptera Thripidae 14.0 Coleoptera Curculionidae 4.3
Coleoptera Curculionidae 3.4 Hemiptera Anthocoridae 41
Hemiptera Miridae 2.9 Hemiptera Cicadellidae 3.7
Thysanoptera Phlaeothripidae 24 Coleoptera Leiodidae 17
Hemiptera Anthocoridae 22 Hymenoptera Aphelinidae 14
Coleoptera Mordellidae 2.0 Thysanoptera Phlaeothripidae 0.8
Hymenoptera Pteromalidae 1.8 Coleoptera Tenebronidae 0.6
Hemiptera Cixiidae 1.7 Neuroptera Chrysopidae 0.6
Total 89.6 96.4

R. A.: Relative abundance.
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3.4. Diversity Analysis

The diversity analysis using Hill’s indices (q = 0, 1, 2) showed that different ecological
configurations of the habitat played an important role as a taxonomic and structural filter
at the sampling sites (Table 3, Figure 3).

Table 3. Hill’s numbers for the insect families found on Vachellia farnesiana at both sampling sites in
the Mapimi area, Durango.

Hill’s Numbers S1 S2

q = 0 (Richness) 33.00 16

q =1 (Shannon) 7.62 423

q =2 (Simpson) 3.85 2.87
q=0 q=1 ] q=2

Families diversity
N
S

- - T - T = T - T T T T - i ] - T - T - T T
0 250 500 750 1000 0 250 500 750 1000 O 250 500 750 1000
Number of individuals

Method Sites
== Rarefaction S1
= 1 Extrapolation S2
Figure 3. Hill’s numbers for insect families found on Vachellia farnesiana at the two sampling sites.

The first Hill number (q = 0) corresponds to species richness. The second number (q = 1) represents
Shannon diversity. The third number (q = 2) indicates Simpson’s diversity.

Accumulation curves based on sampling coverage showed a significant trend toward
the asymptote at both sites, indicating that sampling was largely complete (Figure 4). Site
51 showed a sampling coverage (SC) of 0.986, slightly lower than that of S2 (SC = 0.999). In
both cases, the curves converged toward values slightly less than 1.

When comparing a null model (only the “temperature” and “humidity” variables) of
GLLVM to a full model (which included the “sampling site” variable), the likelihood ratio
test showed that the “sampling site” variable significantly improved the model fit (D = 60.65;
g. 1. =38 and P = 0.011). The results confirm that there is a significant difference in family
composition and abundance between sites with different ecological configurations of the
host plants, regardless of temperature and relative humidity at the time of insect capture.

Analysis of the variation in family composition using NMDS showed a partial dif-
ference between the two sampling sites (Figure 5). The stress value obtained (S = 0.093)
indicates that the two-dimensional representation is appropriate for the data and suggests
that the spatial configuration reliably displays the dissimilarity relationships among the
samples. The families from S1 (green circle) were distributed along the axes, indicating
community heterogeneity. In contrast, S2 (orange triangle) exhibited a more compact,
restricted distribution, suggesting a more homogeneous composition than S1. The scatter
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plots showed an overlap between the sites, indicating that although there is differentiation
in family composition, they also share a set of families.

1.0 1

0.8 4

0.6 4

Sample coverage (SC)

0.4 1

0.2

e T T T T T T .-

0 500

1000 1500

Numbers of individuals

Method

=== Rarefaction

= 1 Extrapolation

Sites
@ s1]sC=0986
o S2|SC=0999

Figure 4. Accumulation curves based on sampling coverage for Vachellia farnesiana in Mapimi,
Durango, Mexico, using the Good-Turing estimator.
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Figure 5. Composition of insect families associated with Vachellia farnesiana in Mapimi, Durango,
Mexico, as determined by NMDS (Bray —Curtis).
4. Discussion

Although the number of specimens collected in S2 was 57 fewer than in S1, the total
abundance was similar, in contrast to the differences observed in community structure. This
suggests that under the conditions studied, V. farnesiana can maintain a relatively similar
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total insect abundance regardless of habitat configuration, while tree distribution influences
the composition of the insect community. S1 (the site with the highest tree density and
shortest distance between patches), despite the predominance of a single family, exhibits a
more uniform distribution—a characteristic typical of ecosystems with less anthropogenic
disturbance [34]. In contrast, at S2 (the site with the lowest tree density and greatest
distance between patches), abundance favors rapidly colonizing generalist families such as
Aleyrodidae and Thripidae; this could be related to edge effects. This is consistent with [35],
who indicated that edge environments tend to favor generalist taxa capable of rapidly
colonizing available resources. Furthermore, the dispersal ability, wide range of host plants,
and ecological plasticity described for numerous Aleyrodidae species facilitate their rapid
colonization of new hosts and establishment in diverse environments [36,37]. Likewise,
the abundance of the Thripidae family can be explained by its biological characteristics:
thrips have short life cycles, high fecundity, and multiple generations per year, which allow
them to rapidly increase their population size when environmental conditions and food
resources are favorable [38]. Similarly, adults have a great capacity for dispersal through
active flight and passive transport by the wind, which facilitates movement between host
plants and the colonization of isolated patches of vegetation or new food sources [39,40].

The functional composition of S1 harbors a greater diversity of phytophages, para-
sitoids, predators, and saprophytes, whereas in 52, parasitoids and phytophages predom-
inate, although in smaller numbers than in S1. These differences are consistent with the
contrasting environmental conditions observed between the sites, including vegetation
structure and proximity to irrigated farmland, which may increase the habitat’s suitability
for higher trophic levels [41].

The predominance of phytophagous insects observed at both sampling sites is ecologi-
cally significant, as herbivorous insects perform essential ecosystem functions: they can
contribute to biogeochemical cycles by returning nutrients to the soil or trigger chemical
defenses that attract predators and parasitoids [42—46]. The high abundance of Thripidae
recorded at both sampling sites is also ecologically significant, as many species in this
family are closely associated with flowers and may contribute to pollination while feeding
on floral resources [47]. In particular, species of the genus Frankliniella have been described
as carrying pollen on their bodies and wings, and thrips-mediated pollination has been
documented in more than 50 plant families and 102 genera [48,49]. Furthermore, the pres-
ence of Phlaeothripidae at both sites indicates that the insect community associated with V.
farnesiana includes families with diverse feeding strategies, as this group consists mainly
of mycophagous species along with some predatory taxa [49,50]. Similarly, although Cur-
culionidae are predominantly phytophagous, several species also participate in pollination
and the decomposition of plant matter, contributing to the nutrient cycle in terrestrial
ecosystems [51]. These findings suggest that the dominant phytophagous families associ-
ated with V. farnesiana may contribute to multiple ecological processes beyond herbivory.

As for parasitoids, greater abundance was observed in S1 than in 52, suggesting a
higher representation of higher trophic levels. Fenoglio et al. [52] demonstrated that a
habitat affected by low tree density and reduced connectivity among trees reduces the
parasitism rates by decreasing the number of species across multiple trophic levels. Simi-
larly, higher canopy cover is associated with more abundant parasitoid communities [53].
Communities of predators, saprophytes, and detritivores were also more abundant in
S1. This pattern is consistent with previous studies indicating that in response to prey
abundance and to the fact that habitats with lower tree density and lower tree connectivity
are less favorable for higher trophic levels, such as parasitoids and predators, the latter are
better suited to groups with more variable trophic functions [54].
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Finally, the presence of secondary pollinators (beetles and thrips) at both sites indicates
that V. farnesiana serves as a floral resource, even during the sampling period, as noted by
Resasco et al. [55]. However, the absence of primary pollinators such as bees, wasps, and
butterflies during the collection period can be explained by the environmental conditions
during sampling at both sites [56]. As ectotherms, pollinating insects depend on ambient
heat to regulate their body temperature to the metabolic levels necessary for flight and
foraging; therefore, their activity and visits to flowers are affected by low temperatures [57].
This variable has an even greater impact on their activity than precipitation [58]. Because
pollinating insects are ectothermic and poikilothermic, their activity depends largely on
ambient temperature, which regulates the metabolic processes necessary for flight and
foraging [59]. Previous studies have shown that insect activity decreases markedly below
the optimal temperature range (20-30 °C) and drops to a minimum at temperatures below
10 °C [57,59]. Therefore, the relatively cool conditions recorded during the sampling period
may have reduced the pollinator activity, offering a plausible explanation for the absence
of primary pollinators in the samples, despite their occasional observation at other times of
the day under more favorable temperature conditions.

In addition to these short-term climatic influences, the diversity analyses provided
further insight into the differences in insect community structure between the two sampling
sites. Site 1 (S1) exhibited higher diversity values than Site 2 (S2). The absence of overlap
between the 95% confidence intervals of the rarefication curves indicates that this difference
is robust under the sampling conditions evaluated. Similar patterns have been described in
studies where habitat configuration influences insect diversity.

The high sampling coverage at both sites allows us to state with certainty that the
differences observed in community composition are unlikely to be due to incomplete sam-
pling. Consistent with this, the GLLVM analysis showed that differences in the composition
and abundance of insect families between S1 and 52 remained significant after accounting
for temperature and relative humidity. These results indicate that the variation observed
between sampling sites cannot be explained solely by the microclimatic conditions recorded
during insect collection. According to Fahrig [4], habitat characteristics, such as resource
availability, host plant connectivity, and vegetation structure, can influence plant-insect
interactions, leading to differences in the composition and diversity of insect communi-
ties. Therefore, the differences detected by the GLLVM are consistent with the contrasting
environmental characteristics of the two sampling sites.

The pattern observed in the analysis of the composition and abundance of the insect
community across the different sampling sites using the GLLVM model suggests that the
difference between sites S1 and S2 is statistically significant and that this difference goes
beyond the microclimatic variables (temperature and relative humidity) on the sampling
days. This is consistent with the findings of Fahrig [4], who notes that habitat differences
influence resource availability, tree connectivity, and interactions between plants and insects,
leading to significant changes in insect diversity and composition. The lower diversity
observed at site S2 could be explained by the separation of host plants and edge effects,
which favor generalist families but not specialists.

The NMDS plot revealed partial separation between S1 and 52, indicating differences
in insect family composition while also showing that both sites shared a subset of families.
The greater dispersion of samples in S1 suggests a more heterogeneous insect commu-
nity, whereas the more compact clustering observed in S2 reflects a more homogeneous
community composition. Similar patterns have been described in insect communities asso-
ciated with contrasting habitat configurations. For example, Tzortzakaki et al. [2] reported
reduced butterfly diversity in highly urbanized landscapes, whereas Graga and Somav-
illa [60] found lower wasp diversity in fragmented forests. Similarly, Abrego et al. [61]
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demonstrated that modifications in habitat configuration can alter local environmental
conditions and subsequently influence the structure and composition of insect communi-
ties. Collectively, these studies suggest that differences in habitat characteristics, including
landscape structure and habitat complexity, may contribute to the composition patterns
observed between the two sampling sites.

5. Conclusions

This study provides the first characterization of the insect community associated with
Vachellia farnesiana during its flowering stage in the semi-arid region of Mapimi, Durango
(Mexico). Although both sampling sites harbored similar numbers of insects, they differed
in family diversity, community composition, and functional group structure. Site S1 ex-
hibited greater taxonomic diversity and a higher proportion of parasitoids, predators, and
saprophytes, whereas S2 was characterized by the predominance of a few phytophagous
families, particularly Aleyrodidae and Thripidae. These differences were consistently
supported by diversity analyses, the GLLVM model, and NMDS, indicating that insect
communities varied between sampling sites beyond the influence of the microclimatic con-
ditions recorded during sampling. Taken together, these results highlight the importance
of habitat characteristics in shaping insect communities associated with V. farnesiana and
underscore the ecological value of this shrub as a resource that supports multiple functional
groups of insects in arid ecosystems. Future studies should evaluate other phenological
phases of V. farnesiana and include other dominant shrub species to determine whether
these community patterns remain consistent throughout the annual cycle.
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