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Simple Summary: Ants are social insects with a chemical communication system based on odors.
The mixtures or substances known as semiochemicals, produce morphological responses and
behaviors. In the Formicidae group, the components and functions of semiochemicals emitted by
ants have been studied, but in the escamolera ant, Liometopum apiculatum, which is ecologically and
economically important in central Mexico, semiochemical aspects have not been studied. The
objective was to identify the semiochemicals emitted by L. apiculatum and to explain the responses
that these can induce. The semiochemicals emitted by L. apiculatum are hydrocarbons (alkanes and
alkenes), and these could stimulate the following of traces to food sources, alarm or aggression
system when they feel threatened, and even recognition among nest mates.

Abstract: Ants have a very sophisticated olfactory system; their communication is based on the
interpretation of chemical trails known as semiochemicals. The escamolera ant (Liometopum
apiculatum), has behaviors and physiological responses is induced by semiochemicals, without
however, these have not been studied. Using an electronic nose analysis (e-nose) and
chromatographic techniques, semiochemicals of L. apiculatum in nests, foraging trails and dissected
the gasters were evaluated. Data were analyzed with multivariate statistics and a logistic regression
model based on predictors (ant counts) and the semiochemicals identified in pre-season (PRE),
season (TEM) and post-season (POS) of larval collecting. From the general pattern of volatiles with
a natural separation in POS and a partial distribution between PRE and TEM 32 semiochemicals
were identified inside the nests, those who can induce the behavioral responses of trail-following,
alarm, aggression, and nestmate recognition. Trail counts indicated that ant traffic was higher in
POS and that the presence of certain semiochemicals (response variable) have good fit in the model
regression. These findings are intended to provide useful information and support decision-making
for the conservation and sustainable use of L. apiculatum in central Mexico.
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1. Introduction

Ants are insects with a wide geographic distribution, they are characterized by colonizing a great
variety of terrestrial ecosystems [1-5]. The success of their survival is due to their sophisticated
communication and work organization by castes, which is why ants are considered as one of the
engineers of the ecosystem, since they recycle soil nutrients, improve the flow of energy in the
edaphic component and biogeochemical cycles, they also collected and disperse seeds favoring plant
dispersal [6,7].

Liometopum apiculatum (Mayr, 1870) (Hymenoptera: Fomicidae: Dolichoderinae) is a species of
ant that is distributed in the Nearctic and subtropical zone of Mexico [8,9], this arthropod is known
as the escamolera ant, a popular term for its reproductive caste larvae. Escamoles derives from the
Nahuatl language "azcatlmolli" (Axcatl = ant and molli = stew) meaning ant stew [10]. L. apiculatum
nests in the soil and in various substrates, e.g., at the base of Agave spp., decaying stems of Yucca spp.,
Opuntia spp., dead logs and under stones [11]. Collaborative work (castes) is divided into workers
and breeders (queen, and winged males and females) [12]. Mating occurs in the spring (May to June),
and mating between breeders takes place in the air, then the fertilized female lands and colonizes a
new nest, ovipositing the first generation of workers (about 400 to 600 eggs) [13,14]. Escamoles are
extracted from the nests in March-April and marketed for culinary preparations. They are
appreciated for their delicate flavor and nutritional value, as they contain amino acids, fatty acids,
minerals and vitamins [15,16].

The diet of L. apiculatum is omnivorous; however, it prefers a liquid diet, which it obtains mainly
through trophobiosis, a behavior that consists of collecting honeydew excreted from other insects
[11,14,17,18]. The workers of L. apiculatum are in charge of foraging and harvesting honeydew from
different aphids and scale insects [17], they are observed walking 24.3 m long paths, in an area of 1
565 m? in a schedule from 8:00 to 19:00 h, with a peak of activity at 17:00 h [14,19,20].

Mutualistic relationships as trophobiosis of L. apiculatum [17], and other ant species of the order
Hemiptera, is moderated by semiochemicals involved in the search and detection of partners that
provide them with the best and highest honeydew production [21,22]. The chemical communication
of ants is involved in their entire life cycle, regulating the reproduction, nest mate recognition
(cuticular hydrocarbons), queen and brood care, alarm systems, aggressiveness and pheromone
tracking to locate food [23-28]. Trail-following to the food source has already been documented for
three species of the genus Liometopum in North America: L. apiculatum Mayr, L. luctuosum Wheeler
and L. accidentale; however, their composition has not yet been characterized [29], so it has only been
reported that the odor on foraging trails appears to be similar to butyric acid. This behavior is
suspected to be due to a trail pheromone, which may function as guidance and recruitment to feeding
resources [18].

Integrated management and monitoring of insects includes various strategies for their control,
of which semiochemicals such as pheromones and allelochemicals (allomones, kairomones,
synomones, antimones and apneumones) that intervene in the intraspecific and interspecific
communication of different groups of insects are used [30]. For example, Oliver et al. [31] reported
different semiochemicals emitted by ants (Lasius niger) to control aphid dispersal (Acyrthosiphon pisum
Harris and Aphis fabae Scopoli). While Appiah et al. [32] did fruit fly (Bactrocera invadens) control,
using the weaver ant Oecophylla longinoda to expose its semiochemicals to a natural enemy of the fly
(the endoparasite Fopuis arisanus) and significantly increase the percentage of parasitism in pupae of
B. invadens. Another case is the findings of Xu et al. [21] who documented an association between
ants-hemiptera (Solenopsis invicta and Aphis gossypii), reporting E-p-farnesene (EBF) as a
semiochemical that stimulates a mutualistic relationship, where the ant controls the reproduction and
dispersal of apterous individuals of A. gossypii.

In the last decade, trail pheromones have been synthesized on the foraging trails of several
species of ants. The study of these chemical compounds is aimed at the creation of lethal baits (added
with trail pheromones and insecticides) for ants considered a pest for humans, since they affect in
adversely to ecosystems, agricultural systems and buildings [33-36]. The technology for the creation
of synthetic pheromonal compounds is through extracts from various body parts (head, thorax,


https://doi.org/10.20944/preprints202309.0074.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 September 2023 doi:10.20944/preprints202309.0074.v1

mesosome, etc.), it is based on chromatographic techniques, electroantennography [34] and electronic
nose. The latter tool is considered a disruptive technology in the detection of volatile organic
compounds (VOCs) for biological matrices [37,38].

Currently, the unplanned and unregulated extractive exploitation of escamoles is based on
traditional practices as extractive management-filling-capping [39]; which, if well managed, managed
to maintain stable populations of L. apiculatum. However, market supply and demand has led to
excessive exploitation of their larvae, putting the survival of the species at risk [40,41]. An alternative
to contribute to the sustainable management of L. apiculatum is to characterize its chemical odor
signature and explain the physiological or behavioral responses that VOCs can cause. Therefore, the
objective of the present investigation was to evaluate the semiochemical compounds in nests and on
trails of L. apiculatum in pre-season, season and post-season the collection of larval, and to test if the
chemical signature inside the nests is different by season. This study presents diverse ecological and
biological reasoning on how semiochemicals compounds can influence the life cycle of L. apiculatum,
a species of ecological and economic importance in central Mexico.

2. Materials and Methods

The present study was carried out in Environmental Management Unit (Unidad de Manejo
Ambiental, UMA El Milagro) with an area of 328.4 ha, located in Villa Gonzalez Ortega, Zacatecas
(22°37'46.41" N, 101° 56' 25.36" W) at 2208 m of altitude (Figure 1). The climate type is arid temperate
(BSoKw), with a mean annual temperature between 12 and 18 °C [42] and an annual precipitation of
300 to 400 mm [43]. The dominant vegetation type is crassicule scrub (98%) and the rest is shrub
secondary vegetation derived from desert microphilous scrub [44], with cacti (Opuntia spp., Opuntia
imbricata, Agave spp.), and shrubs (Larrea tridentata, Flourensia cernua, Dalea bicolor, Parthenium incanum
and Mimosa biuncifera) being the best represented plant species [45].

UMA RANCHO EL MILAGRO

VILLA GONZALEZ
ORTEGA
!

!
/

\
\

i

SAN LUIS
. POTOSi SIMBOLOGY
‘ O Nests
A Management

>

A
ZACATECAS ;

Type of vegetation

- [ e
¥ | P
\x\\_ﬁ\‘(\ /'/'/ v~ Crassicaule scrub
\tz/\'x\{{j Shrub secondary vegetation

MEXICO



https://doi.org/10.20944/preprints202309.0074.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 September 2023 doi:10.20944/preprints202309.0074.v1

Figure 1. This is a figure. Schemes follow the same formatting.

In the study area, were identified 15 nests (sampling units) of L. apiculatum subject to
management, i.e., that the escamoles could be extracted. The choice of sampling units consisted of
identifying the first nest and then, evaluating the nearest nest [45], selecting five anthills 70 m apart
(Figure 1).

2.1. Air sampling inside the nests

Sampling was scheduled in the pre-season (PRE), season (TEM) and post-season (POS) of
escamoles larvae collection (last week of March to first week of April 2022). These were conducted in
PRE (03/03/2022), TEM (03/22/2022) and POS (04/04/2022).

An air sampling port was installed in the brood chamber of each nest, using a PVC pipe line (©
=15") coupled to a shut-off valve and a cast iron screw cap at the end. On the outside of each nest,
the foraging trail with the highest traffic of ants was identified and marked by iron stake on the side
of the trail. In each nest, air was sucked for one hour with a BOYU® pump at a flow rate of 4 I/min,
connected with a hose to the sampling port, while at the outlet of the pump another hose was attached
to direct the air flow to a metal balloon with capacity of 1.0 liter. The samples were transported in
coolers at 4 °C to the Coordinacion para la Innovacion y Aplicaciéon de la Ciencia y la Tecnologia
(CIACyT), Universidad Auténoma de San Luis Potosi. In each season, one balloon per nest and a
duplicate, and two environmental air balloons were obtained as a control (n = 36 for the whole study).

2.2. Sampling on foraging trails and ant counts

Artificial trails were installed in the trails marked with stakes, fastened with 2.54 cm nails. These
were constructed with 3 mm thick MDF (Medium Density Fibreboard) panels 20 cm wide x 15 cm
long, and a walkway 5 cm wide x 10.5 cm long; the surface was lined with printer paper. Activated
carbon cloth was attached to the walkways with tacks. The walkways were placed at a distance of
approximately 5 m from the nests, making the center line of the structure (25.5 cm) coincide with the
natural path of the nests.

To similar the trail-following behavior on the MDF trails, a 0.5 M sugar solution scented with
rosemary essential oil [46] was prepared and applied in a straight line with a syringe (3 ml) onto the
paper and activated charcoal cloth. Ants attracted to the sugar solution, at both ends of the artificial
trail, consumed it and turned back to the foraging trails, emitting a trail of semiochemicals. This
behavior was repeated until the arthropods reached the center of the path, stabilizing the free transit
of ants in two directions with respect to the nest [47,48].

The MDF trails were left for 24 hours, the next day the activated carbon cloths were removed
and introduced in 20 ml glass vials, which were capped with septa and aluminum seal. The vials
were transported to the CIACyT in a cooler at 4 °C. At the end of the sampling seasons, 15 activated
carbon cloths were obtained. To count ants, videos were taken with a digital camera LSR Nikon
D5300 (Nikon Corp., Tokyo, Japan) on a tripod and an objective lens (18 — 155 mm) focused on the
rectangular surface of the artificial paths (avoiding the activated carbon walkways), four videos of 5
min duration and 15 min between each video. A total of 20 videos were obtained for all seasons in
the five nests, which captured the movement of ants to track them in two directions [49].

2.3. Ant trapping

Live ants foraging on the surface of agaves, or on the trunks of yuccas at a height of 1.30 cm,
were captured outside the nests. The collection was carried out with the individuals climbing into an
entomological clamp and then shaking inside a Ziploc bag (16 x 16 cm), which was immediately
closed to prevent the escape of the arthropods. Another strategy consisted of placing the open bag,
held with both hands, on the bark of Yucca spp. and waiting for the ants to enter, achieving the
capture by closing the bag. For each nest, 20 to 50 ants were captured (n= 150 to 250 individuals per
season). The ants were transported in coolers at room temperature and transported to CIACyT.
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2.4. Laboratory analysis

2.4.1. Determination of semiochemicals with the electronic nose (e-nose)

Fingerprint detection of semiochemicals from live ants was performed with a Cyranose 320 e-
nose. This device is equipped with 32 chemical nanosensors that measure the intensities of VOCs
with electrical resistance in mQ), through a flow of nitrogen. For the analysis of the samples, four to
six ants were separated from each nest in glass vials of 20 ml, which were capped with septa and
aluminum seal, obtaining a total of five replicates per colony for each season (a total of n= 15 samples).
Then, each vial was injected into the electronic nose with a constant flow of 120 ml/min of ultrapure
hydrogen during 20 sec of recording, obtaining a specific odor impression for each stimulus. Before
injection, each vial was left capped for 3 to 5 min, so that the ants would produce analytes (odor) in
vapor phase, entrained by the e-nose suction system [38,50].

2.4.2. Identification of semiochemicals by gas chromatography coupled to mass spectrometry (GC-
MS) on activated carbon cloths

Activated carbon cloths were incubated at 32 °C during 30 min and taken for analysis to a gas
chromatograph (GC) (Agilent 6890) coupled to a mass spectrometry (MS) detector (Agilent 5975) with
electron impact ionization (EI) sample ionization. Port injection was in splitless mode at a
temperature of 250 °C. Helium was used as a carrier gas at a constant flow rate of 1.0 ml/min (total)
and a pressure of 6.55 psi. An Agilent HP-5MS column (30 m x 0.25 mm x 0.25 um) was used. The
initial oven temperature was 40 °C/1 min, with programming at 2.5 °C/min up to 50 °C, increasing 10
°C/min up to 100 °C, then an increase of 8 °C/min up to 260 °C and held until minute 30. The emission
tuning parameters were 34.6 UA, energy 69.9. SCAN mode (50 — 230 m/z) was used to identify the
fingerprint of VOCs emitted by ants transiting the activated carbon cloths.

The compounds were identified through the NIST 14 library. The results were obtained and
processed using Chemstation software (Agilent®).

2.4.3. Identification of semiochemicals by GC-MS inside nests

Air samples from the nests were incubated at 32 °C during 60 min, then Headspace solid-phase
microextraction (HS-SPME) was performed for manual GC-MS injection. Prior to use, the fiber was
exposed in the GC injector for 30 min to 65 °C [38]. SPME was performed by exposing the fiber (silica
fused with 100 um polydimethylsiloxane) inside the metal balloons, and then manually introduced
into the GC-MS injection port at 200 °C for 5 min. Samples were analyzed with a gas chromatograph
(Agilent 6890) coupled to a mass spectrometry detector (Agilent 5975) in ionization mode (EI). Port
injection was in splitless mode (220 °C). Helium was used as a carrier gas at a constant flow rate of
1.0 ml/min and a pressure of 8.67 psi. An Agilent HP-5MS column (30 m x 0.25 mm x 0.25 pm) was
used. The initial oven temperature was 70 °C, with programming of 22 °C/min up to 180 °C,
increasing 5 °C/min up to 200 °C and held constant until 15 min. The emission tuning parameters
were 34.6 LA and energy 69.9. SCAN mode (50 — 230 m/z) was used to fingerprint the semiochemicals
emitted by ants inside the nests. The compounds were identified through the NIST 14 library. The
results were obtained and processed using Chemstation software (Agilent®) [51].

2.4.4. Identification of semiochemicals by GC-MS of ant gasters

Sample preparation consisted of dissecting 50 ant gasters in 300 pl of hexane. Then, two aliquots
were prepared by adding 10 ml of hexane in test tubes, which were placed in a sonicator for 1 min;
the supernatant was transferred to two tubes (approximately 9 ml) and weighed on a granatary
balance until the weights were equalized. Samples were centrifuged at 3500 rpm/4 min and
subsequently evaporated at 37 °C and 40 psi pressure for 10 min. Samples were injected into the GC-
MS (Agilent 6890, Agilent 5975) in electron impact ionization mode; operated in splitless mode at a
temperature of 250 °C, using helium as a carrier gas, at a pressure of 9.80 psi and a constant flow rate
of 1.0 ml/min. Separation of the components was performed with a HP 5MS column (30 m x 0.25 mm
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x 0.25 pm) (Agilent). The oven temperature ramp was 90 °C/2 min, with programming of 20 °C/min
up to 250 °C, with hold at 5 min, and an increment of 300 °C (10° C/ min). Emission tuning parameters
were 34.6 1A, energy 69.9; SCAN mode (50 — 350 m/z) was used to identify the fingerprint of volatiles
from ant gasters. Compounds were identified through the NIST 14 library and integrated using
Chemstation software (Agilent®).

2.5. Statistical analysis

2.5.1. Analysis of data obtained from the e-nose

A multivariate analysis was performed to evaluate the responses of the electronic nose sensors
and the volatiles emitted by the ants captured from each nest. The data recorded were the response
changes of the resistances of the 32 nanosensors (Table S1). To reduce the effects of magnitude of the
sensor responses (m(2), automatic scaling was performed by subtracting the mean of the individual
samples and dividing their standard deviation [50]. To predict the membership of each group, a
Partial Least Squares-Discriminant Analysis (PLS-DA) and Variable Importance in Projection (VIP)
[38]. This statistical method extracts the independent variables (e-nose sensor responses) by linear
combination, and predicts the membership of each class (PRE, TEP and POS) to facilitate data
interpretation. The analyses were performed with the freely distributed MetaboAnalyst 5.0 statistical
software [52].

2.5.2. Analysis of data obtained with CG-SM on nests

With the semiochemicals identified by GC-SM and the NIST 14 library, a database and the CAS
code of each compound was created. Then an a priori search was performed in Pherobase [53] and
various scientific articles [30,35,54-59] for volatiles emitted by ants. With this information,
semiochemicals that regulate some type of behavior (e.g. path-following) in ants and/or other
associated insect groups (trophobiotic relationships) were refined and identified. With the cleaned
database and the individual peak-area percentages obtained by GC-MS of each compound, a
Principal Component Analysis (PCA) was performed; this method provides a summary of all the
data by searching for correlations between variables, and reducing the number of components. The
PCA expressed a qualitative global visual pattern, highlighting the similarities and differences
between and within the sample, for which the percentage of variance explained was estimated.
Subsequently a PLS-DA/VIP was performed to obtain the similarities and differences between the
groups (PRE, TEP and POS) with MetaboAnalyst 5.0 statistical software.

2.5.3. Ant counts, effect of semiochemicals on observed frequencies

The videos taken on the artificial trails were analyzed with AntCounter, which is a freely
distributed software that automatically detects the movement of ants (in two opposite directions) to
identify their position, track them and count them over a period of time [49].

To analyze the effect of semiochemicals identified in the nests with the proportion of ants
transiting the trails and by season, a nominal logistic regression was performed using JMP 17 (SAS
Institute, Cary, NC). Prior to analysis, the adjusted AntCounter data (number of individuals to and
from the nest) were taken, averaged and transformed to a

nominal polytomous variable with three categories (98 — 229, 230 — 362 and 363 —494) which was
considered as the dependent variable of the model, while the predictors were the semiochemicals
identified inside the nests, which were entered into the logit model as a binary variable (1, 0); where
1 represented the presence of semiochemical(s) and 0 the absence of semiochemical(s).

3. Results

3.1. E-nose
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The PLS-DA of the semiochemicals emitted by the ants explained 61.9% of the variability of the
data (Component 1 and 3) (Figure 2A). A natural separation was shown in the patterns of volatiles
from post-season (POS) samples, a partial discrimination between pre-season (PRE) and season
(TEM) is observed (Figure 2A). The variable of importance in the projection indicates that for the PRE
group the sensors S31, S24, S5, 523, 513, 516, S22, 517 and S10 have the greatest contribution in the
separation of the group. For POS they were S7, 528, S2, S4 and S8; while in TEM S11, 57, 528, 524, 513,
516 and S2 were observed in lower intensity (Figure 2B).
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Figure 2. Partial Least Squares-Discriminant Analysis (PLS-DA) (A); Plot of Variable Importance in
Projection (VIP) (B).

3.2. Gas chromatograph

Figure 3 shows a representative GC-MS chromatogram of the semiochemicals obtained from
each season. 205 VOCs in PRE, 172 in TEM, and 271 in POS were identified, respectively. After data
searching (Pherobase and scientific articles), 47 semiochemicals in PRE, 15 in TEM, and 40 in POS,
were behavior ants associated. Final data (peak-area percentaje) (Table S2) were analyzed by
multivariate statistical tests.
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Figure 3. Chromatograms in nests of L. apiculatum analyzed by HS-SPME-GC-MS. Five nests in PRE
(A); Five nests in TEM (B); Five nests in POS (C).

The PCA of the semiochemicals inside the nests explained 79.2% of the variability of the data in
five components, while PC1 and PCz explained 37.8% (PCs =18.2%, PCs+=18% and PCs =5.2%) (Figure
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Figure 4. Principal Component Analysis (PCA) of the semiochemicals by season.

The PLS-DA showed a clear separation between the patterns of the volatiles of each sample
(Figure 5A), it was possible to visualize the discrimination between PRE, TEM and POS. The variable
of importance in the projection indicates that for the PRE group, compounds 14 (5-methylundecane),
12 (eicosane), 29 (4-methyloctane), 28 (1- hexadecene) and 16 (1-tetradecene) present a greater
contribution in the separation of the group. While for TEM the projection grouped compounds 19 (7-
methyltridecane), 11 (2,6-dimethyl-7-octen-2-ol), 8 (undecane) and 4 (dodecane). Finally, in POS 7
(tridecane) and 6 (heptadecane) were the most important (Figure 5B).
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Thirty-two semiochemicals were identified: nine (28%) in PRE, nine (28%) in TEM and 14 in POS
(44%). The functional chemical groups identified in PRE were three alkanes, two alkenes and one
cycloalkane. In TEM seven alkanes, one monoterpenoid (tertiary alcohol) and one aliphatic
fluorinated compound; while in POS only alkanes were identified. The shortest chain compound was
4-methyloctane (C9H20) and eicosane (C20H42) with the highest number of carbons, both of which
were only identified in PRE. In PRE and TEM, 1-hexadecene was identified, while TEM and POS
matched dodecane and undecane. The most frequently occurring compounds in the three seasons
were dodecane, undecane and 4-methyloctane.

3.3. Ant counts, effect of semiochemicals on observed frequencies

The videos analyzed with AntCounter, adjusted averages of the number of ants going to and
from the nests (5 min/video), indicated that the season with the highest ant traffic on the artificial
paths was in POS (40.8%, Figure 6A), with 1256 individuals counted for that period. The anthill with
the highest incidence of ants in PRE was nest 5 (494 + 180.5 individuals, Figure 6B). During TEM, nest
1 was the most transited (228 + 53.3 individuals, Figure 6C), while in POS the highest transit of ants
was observed in the same trail (430 + 126.4 individuals, Figure 6D).
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Figure 6. Transit of ants on the artificial trails by nests and seasons.

Figure 7 presents the summary of the effects of semiochemicals on ant transit, with a probability
level of 0.05 (logistic regression x2 = 24.886, g.1. =8, P = 0.001). Therefore, the statistical hypothesis that
semiochemicals have a significant effect on the number of ants traversing the foraging paths in two
directions is tested.

Source LogWorth PValue
Dodecane 3.2037 i 0.00063
Undecane 1.745 | 0.01797
Tridecane 1.414 1 | 0.03855
Heptadecane 0.766 1 | 0.17129

Figure 7. Summary of semiochemical effects and test of the complete model.
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4. Discussion

Semiochemicals identified in L. apiculatum nests can induce behavioral or physiological
responses. For example, 5-methylundecane (PRE), 7- methyltridecane and tridecane (POS) are
volatiles that have been identified in virgin females and queens of Formica polyctena with some
intraspecific function [60], perhaps this is a mixture of oviposition deterrents. In the study area the
mating flight of L. apiculatum occurs in summer (first rain of June), the reproductive (females and
males) are still in the pupal stages of development, so these compounds may be emitted exclusively
by the queen.

In current research that has characterized the mixture of cuticular hydrocarbons (CHCs) and
their functions, eicosane in Odontomachus brunneus is a volatile that stimulates recognition among
colonies of its species [61]. Another formicide that emits eicosane is Oecophylla longinoda [62], which
is suspected to induce the alarm reaction, and the source of emission is in the abdominal glands,
including Dufour's gland. In the case of the subfamily Dolichoderinae, to which L. apiculatum belongs,
studies reporting CHCs have possibly not been conducted. However, it is recorded that one of the
sources of semiochemical emission in dolichoderines is the Pavan gland, in which volatiles with the
same number of carbons as eicosane (eicosanal and eicosenal) are produced, which are a mixture of
semiochemicals that induce trails-following [63].

The alkane 4-methyloctane, apparently not reported in ants, is likely to be present in L.
apiculatum transfer in the trophic chain at different levels. It has been reported that the escamolera
ant has trophobiotic relationships (ant-insect relationship) with hymenopterans of the families
Pseudococcidae, Coccidae, Diaspididae, Eriococcidae, Ortheziidae, Aphididae and Membracidae
[17], from which it obtains honeydew and these in turn feed on the phloem of Agave spp. and Yucca
spp. (insect-plant relationship). It has also been documented that 4-methyloctane induces reactions
in another group of insects. It has been demonstrated in Taxoptera aurantii (Boyer), that 4-
methyloctane is a cuticular component of the aphid (in conjunction with other semiochemicals),
which encourages the recognition of individuals in its population, but it is also one of the volatiles
that attracts its predators (Chrysopa synica, Coccinella septempunctata and Aphidius sp.) [64].

The alkene 1-tetradecene was identified in PRE and TEM. For example, in the ant Pogonomyrmex
barbatus it is one of the volatiles that emits with greater abundance, it has been suggested that it is
one of the trunk routes markers leading to the food source [54]. In other social arthropods 1-
tetradecene is a substance that functions as an antimicrobial agent [65], it is possible that L. apiculatum
produces this compound as a CHC, which acts as a defense to different pathogens.

The compound 2,6-dimethyl-7-octen-2-ol (dihydromyrcenol) is an unsaturated non-cyclic
alcohol used as a citrus-type fragrance ingredient [66,67], which is apparently not found in nature
[68]. In contrast, dihydromyrcenol has been identified in bee honey in Brazil [69] and Tiirkiye [70], in
study areas with different floral varieties, mixtures and characterized have been with different
analytical techniques for VOCs. It cannot be inferred why this alcohol is present in honey produced
by bees, but this has a more direct relationship with ants, since 2,6-dimethyl-7-octen-2-ol can be a
precursor of formic acid, it is known that L. apiculatum emits formic acid [12], as well as in most of
the ants in the family Formicidae [71], however; the metabolic pathway of 2,6- dimethyl-7-octen-2-ol
has not been studied in depth [72].

Undecane was a volatile observed in TEM and POS in nests, although it is not possible to directly
infer what behavioral or physiological reactions this volatile stimulates in L. apiculatum in our work,
it possibly affects intraspecific and interspecific communication in the ant. Such is the case in
Linepithema humile, where undecane induces aggressive responses against Pogonomyrmex spp. [25]. It
has also been reported as an alarm pheromone of Camponotus obscuripes [73], a marker of foraging
routes in Pogonomyrmex barbatus and P. rugosus [54], as well as a trace semiochemical in trails trodden
by Solenopsis geminata [56].

Undecane is an important volatile for Formica argentea and Camponotus modoc, and is a major
component of the alarm pheromone for with Dufour's gland many ant species [35,74]. Another of
their physiological responses is related to mating, which occurs in the form of swarming [60]. The
identification of undecane using SPME and extracts with hexane has already been documented for


https://doi.org/10.20944/preprints202309.0074.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 September 2023 doi:10.20944/preprints202309.0074.v1

11

Oecophylla longinoda and Camponotus japonicus, in the case of L. apiculatum the same analysis technique
and solvent was used for the formulation of extracts with gasters. However, undecane was not
identified in these chemical aggregates, it is possible that this difference is the source of emission,
since for O. longinoda Dufour glands were dissected and in C. japonicus Dufour glands plus poison
gland were dissected for analysis [62,75].

In an analyzed sample of gasters (PRE), iridomyrmecin was detected, a compound identified in
the Dolichoderinae family, which is a volatile secretion of the anal gland that causes alarm behaviors
in Liometopum occidentale and Iridomyrmex humilis [76].

Dodecane was another semiochemical identified in TEM. This volatile is found abundantly in
the Dufour's gland of Pogonomyrmex rugosus and P. barbatus, which stimulates aggression behaviors,
but it is also speculated that, in conjunction with other pheromone mixtures, it may be used as a
colony return guidance system or even for defense and alarm in interspecific relationships [25].
Dodecane has also been identified in Pogonomyrmex salinus and Messor lobognathus, along with other
compounds, is a cuticular hydrocarbon that may be related to trail-following and interspecific
recognition [77].

The interspecific relationships of L. apiculatum with other insects or other ants, as well as the
semiochemicals that stimulate behavioral responses have not been studied. However, the presence
of the red mite Trombidium holosericeum Linnaeus [12], which possibly mimics its odor to avoid being
attacked by ants, has been detected inside the nests and trails of L. apiculatum.

It has been documented that different mixtures of volatile chemicals, used as a guidance system
to food sources and recruitment, are used by ants from different colonies (eavesdrop) [78]. This
behavior has not been investigated with L. apiculatum, but in the study area it shares habitat with Atta
mexicana [9], a leaf-cutting species, which has been observed transiting several sections of the paths
of L. apiculatum when it is sheltered during the hours of highest solar incidence (12:00 to 15:00 h) [14].
The feeding regime of both species is completely different, but it is possible that eavesdrop by A.
mexicana; this behavior perhaps allows it to find plant matter within the forage range of L. apiculatum,
which is 1,565 + 535.63 m? [20].

Heptadecane was identified in POS, it is a hydrocarbon with different functions, for example, in
Solenopsis invicta and S. richteri it is a component of trail pheromones, which has been reported in
worker ants and winged females using HS-SPME and GC-MS as analysis technique [79]. In the
weaver ant Oecophylla smaragdina is one of the CHCs, which can function as nest mate recognition
[80]. Heptadecane has also been identified in a hydrocarbon mixture in Pachycondyla sennaarensis in
Dufour glands, which is considered the main source of trail pheromones for the species [81]. In our
research, no trace semiochemicals were identified in activated carbon cloths. In this regard, Attygalle
et al. [63] analyzed trail pheromones from ants of the subfamily Dolichederinae, reported that (Z)-9-
hexadecenal, (Z)-9-octadecenal and octadecenal stimulated this behavior; they used GC-MS and
subsequent derivatizations (dimethyl disulfide), with molecular ion at m/z 86, 173 and 360. The
experiments with L. apiculatum used non-targeted metabolomics with at m/z ratio 50-230, it is likely,
that the chemical analytes in the samples did not match the detection level of the equipment, or the
volatile constituents degraded and/or escaped to the environment before being injected.

The results of ant count on the artificial trails and their association with volatilomas indicated
that dodecane (P = 0.00063) and undecane (P = 0.01797) are hydrocarbons that are related to the
number of ants traversing the trails. These are likely part of trail semiochemicals or trail are chemical
signals that maintain social cohesion among nest mates of L. apiculatum [78].

Tridecane (P = 0.03855), has been identified in the reproductive caste of several species of ants
with Dufour's gland, but its biological function is still unclear [60,75]. However, this alkane has been
reported most frequently in fertile males and females, and in lower proportions in worker ants of
Pachycondyla sennaarensis, Messor meridionalis and M. foreli mixed with other hydrocarbons [81]. The
presence of tridecane in L. apiculatum nests may be due to the queen emitting the volatile, or even
young (more developed) princesses in POS.

The identification of semiochemicals associated with the transit of L. apiculatum ants does not
have a precedent or research that reports, much less in its natural distribution. However, there are
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records that L. apiculatum workers increase their foraging intensity in the dry season (March-April),
period in which male and female larvae are developing [12,20]. In our work, in POS the greatest traffic
of ants was observed on the trails. It is likely that the workers circle the food resources more to
increase food consumption and transport, providing it to the reproductive caste, as a strategy to
recover individuals that have been extracted from the brood chamber during the escamoles larvae
collection season, an activity that ant’s worker may continue carry out until males and females
emerge for mating in the first rain of June [12].

The study of semiochemicals from L. apiculatum can be useful for the production of synthetic
pheromonal compounds with different functions, such as marking trails that guide ants to specific
food resources, and even dispersing volatiles that incite them to reproductive flight. In our research
we identified metabolites with a non-targeted (qualitative) approach; future research should perform
targeted metabolomics, synthesize the semiochemicals and prove that they are inciters of certain
behavior and/or physiological response through bioassays with L. apiculatum nests.

5. Conclusions

The global analysis of the semiochemical (e-nose) patterns of L. apiculatum confirms that the ants
emitted different volatiles seasonally. Inside the nests, 32 semiochemicals were identified, where the
most prominent functional group was alkanes of different chain lengths (C11:C20). We did not
identify semiochemicals in the artificial trails; however, the count of ants on the trails was a good
predictor to associate with the presence of volatiles. All identified compounds are likely to be
behavioral regulators that modulate physiological responses, intraspecific communication, and social
cohesion in L. apiculatum nests. The findings of this study strengthen the current knowledge of the
escamolera ant, and is the starting point for the creation of artificial nests and to promote sustainable
collection of escamoles.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1: Response of electronic nose sensors, Table S2: Individual percentages
of peak area obtained by GC-MS (L. apiculatum nests).
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