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Does Trichomes on the Plant Epidermic Surface Disturb Ants Locomotion?
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Abstract: Problem Statement: Many morphological characteristics, both physical and chemical, are
used in the defense against herbivores on plants. Trichomes are structures used by plants as physics
defense and when associated with glands combine physics and chemistry defense. Many species of
ants are herbivores and use leaves and seeds, others ants use Extra Floral Nectars as a food resource,
and the majority of the species are predators of other ants and other insects, and use plants as foraging
substrate in search of prey. Likewise, on the assumption that ants feed preferentially in plants free of
trichomes, we tested the hypothesis that trichomes plants clouded locomotion of ants. Approach:
Experiments were carried out in the field using cotton to mimic the plants surface. Thirty traps for the
treatment were assembled with cotton as well as other 30 experiments for the control (treatment
without cotton). Each trap consisted of Petri dishes of 14,5 cm diameter with bait (sardine and honey)
in a disc (3 cm diameter) in the center of the plate. Around the bait, 10 grams of cotton prepared
uniformly were placed. Furthermore, morphometric analysis on the length of body and legs of ants was
performed. Results: The number of ants which accessed baits in the center of Petri dishes in treatment
with cotton was not statistically different of the number of accesses in the control treatment without
cotton. The trichomes do not cloud locomotion of ants and that leg length is equal to or greater than
body length. Conclusions/Recommendations: Data revealed that the trichomes do not cloud
locomotion of ants; this allows the free walking of ants on the plants surface. However, glandular
trichomes that combine physics and chemistry defense with release toxic and adhesives compounds
when mechanically stressed may be more efficient in the defense against these insects.
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INTRODUCTION mechanisms cellular wall thickness, thorns

Throughout its history plants have developed
different evolutionary techniques for protection against
most of several predators, in particular insects. These
animals are the most abundant in kind than any other
class of organism and more than 400.000 species of
insects are herbivores!"!. Various characteristics such as
morphological, physics and chemical interfere directly
or indirectly on insects, producing adverse effects on
their behavior and biology”. Among the chemical
defense mechanisms against herbivores we may
highlight toxic compounds of secondary metabolites of
plants which can act as repellents or even affect the
physiology of herbivore insects. As to physical

trichomes may be highlighted”. Trichomes are
structures of the epidermis of the plant which may be
simple, formed by only one cell, or, multicelular™.
Collectively, the trichomes are the pilosity of the plants
surface!'’ and are defined according to Steinite and
Ievinshm, as specialized structures in the defense
against insects and mites. The trichomes can affect
species of insects in four ways: (i) affecting oviposition
of the insect, (ii) rate of locomotion on surface, (iii)
inhibiting feeding and growth for nutritional quality and
(iv) increase exposure to predation”’.

For plants, the crucial advantage of insect-plant
interaction is the pollination, in this context, plants have

mechanisms to protect against ants, since these insects
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are poor pollinators and also voracious nectar devour.
One mechanism that plants use for the protection
against ants is the production of latex. This is occurs in
many species of the family Moracea'®.

However, many plants established strong mutual
relations with insects, even specific close relations.
Many authors highlight that several plants provide food
resources through Extra Floral Nectaries (EFNs) for
ants in exchange for protection from predators. Ants
protect the area of foraging, in plants that ants were
present there was less herbivore than in plants where
ants were absent” /. Ants are intense foragers in many
plant species in the Neotropical regions and dominate
the canopy forest. Many species of ants are herbivores
and use leaves and seeds, as the case of "leaf cutting
ants" of the genus Atta and Acromyrmex, to supply their
symbiotic fungus. Others ants use EFNs as a food
resource, and the majority of the species are predators
of other ants and other insects, and use plants as
foraging substrate in search of prey™’.

Considering the importance of the plants as
foraging substrate for ants we attempted to verify
whether trichomes of the plants surface disturb the
locomotion of ants, assuming that ants forage especially
in plants free of trichomes. Thus, the aim in this work is
to test whether the plants surface hinder the locomotion
of the ants through new techniques of mimicry of these
structures. Moreover, we also demonstrate that simple
techniques are so value tools in biological studies and
contribute to basic science. Furthermore, a
morphometric analysis on the length of body and legs
of ants was performed to verify the following
assumptions: (i) the length of legs of the ants is equal to
or greater than the body length, and (ii) the length
measures of the body are directly proportional to the
length of legs.

MATERIALS AND METHODS

Locomotion tests: For testing the hypothesis that
trichomes cloud locomotion of ants, experiments using
cotton to mimic the texture of the pilose plant surface
were carried out in the field. Thirty traps for the
treatment were assembled with cotton as well as other
30 experiments for the control (treatment without
cotton). Each trap consisted of petri dishes of 14,5 cm
diameter with bait (sardine and honey) in a disc (3 cm
diameter) in the center of the plate. Around the bait, 10
grams of cotton prepared uniformly were placed, for the
treatment with cotton, or, without cotton for the control
treatment. The number of ants which accessed the bait
was summarized and two models were compared. The
fitted models composed the numbers of species that
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Fig.1: Morphological features measured of the ants.
Body length: extent of the head (to clypeus “c”
from head apex “a”) summed an extent of to
gaster “g” from alitrunk (= mesosoma) “t” and
the Leg length: extent of the tarsi, tibia and
femur of the hind leg “hl”. Schematic drawing

of Acromyrmex striatus.

th)

accessed the bait for two treatments and compared with
the fixed model (or null model), without interaction,
through analysis of variance (ANOVA) using Poisson
errors adjusted due over dispersion. The two models
were investigated as required using Chi-squared test.

Morphometric analyses: The morphometry was
performed in microscope stereoscopy LEICA® MZ12
in eyepiece of 10x endowed with reticulum with scale.
Thirty ants were analyzed, five of each genus:
Camponotus,  Ectatomma, Atta, Crematogaster,
Pheidole, Dorymyrmex. Were measured the length of
the hind leg and body (Fig. 1). The relationships
between the length of body and leg length were
examined with Pearson correlation analyses.

Statistical analyses: All analyses were performed
using the statistical program R!"" which were followed
by residual analyses to verify the suitability of models
and distribution of errors!''l. All experiments were
carried out in the areas around the Biological Reserve
of the Biology of Federal University of Vicosa (Federal
University of Vicosa-UFV) in Minas Gerais state,
Brazil.

RESULTS

The number of ants which accessed baits in the
center of petri dishes in treatment with cotton was not
statistically different of the number of accesses in the
control treatment without cotton (x> = 0.05; p = 0.95)
(Fig. 2). The null hypothesis that trichomes do not
cloud locomotion of ants was accepted.
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Fig. 2: Number the ants that accessed the bait in the
center of petri dishes in the field tests for
treatments with and without cotton. The
treatments were not different statistically
(ANOVA: ¥*=0.05; p=0.95; df = 58)

Table 1: Measures of the leg and body length (mean +SEM) of ants

Taxa Body length Leg length
Formicinae

Camponotus 10.62+0.12 13.274+0.32
Ectatomminae

Ectatomma 9.7240.34 9.95%0.20
Myrmicinae

Atta 6.525+0.35 11.35%0.35
Pheidole 2.63+0.13 3.149+0.19
Crematogaster 2.8510.38 1.47+0.12
Dolichoderinae

Dorymyrmex 3.05%0.11 4.05+0.23

Leg length{mm)

Body lengthimm)

Fig. 3: Pearson correlation  analyses, the leg
length increases the greater will body length be
(r=0.9031795, df =28, p =0.001)

In Table 1, measures of body length and leg of the
ants are shown. With the exception of the genus
Crematogaster, all the others genera possess the length
of the leg greater than the length of the body.
Meanwhile, the leg length of genus Crematogaster is
larger than half of the body length. The Fig. 3 showed
the Person’s correlation analyzes amongst leg and body
length. These correlation was highly significant (r=
0.9031795, df = 28, p = 0.001). There was a positive
correlation amongst of leg length and body.

DISCUSSION

Given that the number of accesses to bait was not
different among treatments, it is supposed that ants do
not have any difficulty of locomotion on pilose areas,
therefore simple trichomes, those without glandular
structures ancillary, are not effective physical barriers
against ants. For many ants, the plants are not food
sources by direct relationship of vegetal material
consumption. The exception, are the leaf cutting ants,
which consume large quantities of vegetal material for
the cultivation of symbiotic fungus'> " ' Many
others ants use plants through the consumption of
nectar released in extrafloral nectaries (ENfs), but also
as foraging area for predation of other insects, like
others ants. Thus, the trichomes may be not affect them
directly, whereas they are efficient physical barriers as
high densities against herbivores consumers of leaves'".
Trichomes have been widely exploited as an insect
defense mechanism in a number of crop plants that
include Phaseolus'™, potato!"®, soybean!"”! and
tomato!"® ' 2! Moreover, the ants exhibiting long legs,
longer than body length (Fig. 3 and Table 1), may
move without difficulties on plants surface that show
these structures probably because exceeded height of
trichomes. Regarding results, the mired bug Dicyphus
errans (Heteroptera) live and prey others arthropods on
plants with pilose surface more efficiently because
species of the pubescent plants grants a more
appropriated microenvironment. The trichomes enable a
stronger attachment for this is insects and more
autonomic walking on the leaf'*'.

In contrast, larval stages the many insects, in
particular caterpillars, have great difficulty to move on
surface with trichomes. Fordyce and Agrawal®,
performing experiments with the caterpillar Chrysopa
cdrnea observed that, in order of a predator, the rate of
caterpillar leakage decreased as the density of
trichomes increased, certainly due its anatomy and
morphology. Furthermore, the larvae submitted
preferably to foraging areas with lower density of
trichomes, for example, young leaves. Likewise, the
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trichomes showed to be effective against nymphs of
Podisus maculiventris (Pentadomidae), whereas the
non-glandular trichomes were efficient agents leading
to death of nymphs in up to four days®'. This is
corroborated with Segatto™, which considered plants
with higher density of trichomes more resistant against

insects attacks comparing to plants considered
susceptible to herbivores.
Ants are eusocial insects, with organisms

presenting overlapping of generations, parental care and
division the caste™. Most ants have two
morphologically distinctive female castes: the queen,
which is responsible for egg laying, and the workers,
that perform almost all other tasks required for the
maintenance and survival of the colony”*”. Some
workers provide care and food to larvae into the nest
and just the adult workers are responsible for foraging
outside the colony. Our observations from
morphometric dates show that foragers ants have leg
length same size as body length. We believe that this
proportion is necessary because in case of defense or
attack the ants bend their abdomen (or gaster) under the
body with the aim of achieve her attacker or
prey''>**** However, in Crematogaster, the length
body was larger than leg length. Also, this happens
because the genus Crematogaster is the only genus
amongst the ants which is able to bend the abdomen
into the body'?. Nevertheless, the leg length longer
than half the body length may overcome the height of
trichomes as the other ants.

In experiments with several orders of insects,
Gladun and Gorb™'! demonstrated that they have used a
variety of structures, such as arolium, claws and spur, to
fix on smooth and cylindrical surfaces, showing that
organisms have developed many abilities of locomotion
on different surfaces. Moreover, the Hymenoptera
species demonstrated capability of strong bending and
overextension of tarsus despite the need and depending
on surface that insect is on. Thus, ants probably
overextend theirs legs associated to an overextension of
tarsus to escape the defensive action of non-glandular
trichomes. However our experiments do not allow
conclusion on the defensive action of the glandular
trichomes. The glandular trichomes many times were
discovered together with non-glandular trichomes in the
same plant, for example, tomatoes exhibit at least three
defenses against insects: allelochemical, glandular
trichomes and non-glandular trichomes™. The
glandular trichomes release many exudates as a large
variety of terpene oils and many other essential oils'".
These may operate as repellent, deterrents and toxic or
glue the tarsus and legs of the many arthropods, when
later the organism will succumb for immobilization
and/or die of starvation'*”,

CONCLUSION

It is concluded that simple trichomes do not cloud
locomotion of ants, thus plants with simple trichomes
do not present resistance to attack from these insects. In
the meantime, glandular trichomes that combine
physics and chemistry defense release adhesives and
toxics compounds when mechanically stressed may be
efficient in the defense against insects.
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