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Abstract

Local adaptation is a central evolutionary process for creating/maintaining variation of traits mediating antagonistic inter-
actions. However, few studies have evaluated the local adaptation of plants to their biological counterparts such as herbi-
vores across the plants’ distribution. Most studies evaluating local adaptation to herbivores have focused on specialist sys-
tems, where local adaptation is likely to occur. However, there is less evidence regarding the existence of local adaptation
on generalist systems, where local adaptation is not theoretically expected. We conducted a reciprocal transplant experi-
ment involving four local populations aimed to detect whether local adaptation in the annual herb Datura stramonium to
its specialist herbivore Lema daturaphila and the generalist herbivore Sphenarium purpurascens occur. We also explored
whether leaf trichome density, a putative defensive trait of D. stramonium, is mediating local adaptation to herbivores
through its association with plant fitness. We found that certain D. stramonium populations were locally adapted to both
herbivores but others were not, regardless of whether these are preyed upon by generalist or specialist herbivores. Leaf
trichome density had a significant effect on individual fruit production, although this effect was variable across locations
(origin x site interaction) and unrelated to the observed local adaptation pattern. The results support a view of a local
adaptation mosaic of D. stramonium to generalist and specialist herbivores in central Mexico.

Keywords Coevolution - Generalist herbivores - Leaf trichome density - Natural selection - Plant resistance - Specialist
herbivores

Introduction

Species are usually considered groups of populations
genetically and phenotypically differentiated (Rice and
Jain 1985; Thompson 2005). Such differentiation may arise
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through neutral processes such as interrupted gene flow,
genetic drift or founder effects (Gomulkiewicz et al. 2007),
or it may result from spatial variation in selection pressures
exerted by biotic and abiotic factors (Holsinger and Weir
2009; Lande and Arnold 1983; Nuismer and Gandon 2008).
Uncovering the relative role of these forces in generating
and maintaining phenotypic variation constitutes a main
goal of evolutionary ecology (Leinonen et al. 2006, 2013;
Mazer and Damuth 2001).

Local adaptation studies reveal the role of selection in
generating divergence in traits to mediate adaptive fit to
local conditions (Vesakoski and Jormalainen 2013; Wadgy-
mar et al. 2022). According to Kawecki and Ebert (2004),
local adaptation is detected when in a given habitat, indi-
viduals from the local population show higher fitness com-
pared to individuals originating from other habitats (local
vs. foreign criterion). Local adaptation can also be detected
when individuals of a population show higher fitness in their
own habitat than in other habitats (home vs. away criterion).
However, it has been suggested that the “home vs. away”
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criterion alone does not provide enough evidence of local
adaptation, because it may reflect differences in habitat
quality rather than the effects of divergent selection (DeFa-
veri and Merild 2014; Kawecki and Ebert 2004). Blanquart
et al. (2013) proposed a third criterion to detect local adap-
tation, namely the sympatric vs. allopatric contrast. Under
this approach local adaptation should be considered a prop-
erty of a metapopulation (rather than a property of a single
population) that can be measured as the fitness differences
between populations in their home sites (sympatry) com-
pared with foreign sites (allopatry).

Several studies in plants have explored local adaptation
to abiotic conditions (see Leimu and Fischer 2008). How-
ever, fewer studies have evaluated plants’ local adaptation to
their biological enemies (Garrido et al. 2012; Laukkanen et
al. 2012; Ortegon-Campos et al. 2009). In the case of plant-
herbivore interactions, local adaptation is detected when
plants originated from a population exhibit higher fitness in
relation to their sympatric herbivores than when exposed to
allopatric herbivores (Kawecki and Ebert 2004; Laukkanen
et al. 2012). Most evidence supporting this hypothesis arises
from specialist interaction systems, where interacting spe-
cies are engaged in a coevolutionary arm-races, and local
adaptation is likely to occur (Gandon and Michalakis 2002).
In contrast, less evidence is available for generalist systems,
where multi-species selection, if it occurs, is the norm and
where local adaptation is not predicted (Gémez et al. 2009;
Ortegon-Campos et al. 2009). Furthermore, since leaf dam-
age by herbivores generally has a negative impact on plant
fitness (Crawley 1989), it is expected that local adaptation
to herbivores would be mediated by herbivores” feeding
preferences and by the defensive traits exhibited by plants
(Laukkanen et al. 2012).

The annual herb Datura stramonium L. is an ideal sys-
tem to test local adaptation to dietary generalist and special-
ist herbivores. Mexican populations of D. stramonium are
attacked mainly by the specialist folivore Lema daturaphila
(Chrysomelidae) (Nufiez-Farfan and Dirzo 1994; Valverde
et al. 2001). In contrast, L. daturaphila is absent in some
populations, making the oligophagous Epitrix parvula
(Chrysomelidae) and the generalist Sphenarium purpura-
scens (Orthoptera) the main plant consumers (Castillo et al.
2014). Leaf trichome density in D. stramonium functions
as a defensive trait against herbivory, and it may evolve by
selection exerted by herbivores (Karifiho-Betancourt and
Nufiez-Farfan 2015; Valverde et al. 2001). Likewise, popu-
lations of D. stramonium show geographic variation in the
abundance of tropane alkaloids, leaf trichome density, her-
bivory, and plant fitness (Castillo et al. 2013; De-la-Cruz et
al. 2020a).

Previous studies have detected a natural selection
mosaic acting on resistance traits across populations of D.
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stramonium in central Mexico (Castillo et al. 2014). Thus,
the adaptive value of a defensive trait such as leaf trichome
density may vary from negative (phagostimulant to herbi-
vores) to positive (herbivore deterrent) across populations
(Karifiho-Betancourt and Nufiez-Farfan 2015; Valverde et
al. 2001). In a greenhouse experiment, Garrido et al. (2012)
detected local adaptation of D. stramonium to its special-
ist herbivore L. daturaphila. De-la-Cruz et al. (2020b)
assessed how spatially variable selection operates on the
genetic basis of plant defenses to herbivores in D. stramo-
nium, through genomic and quantitative genetic approaches.
Their results showed that specific alkaloids and their asso-
ciated loci/alleles were favored by selection imposed by
different herbivores, leading to population differentiation
in plant defenses and to local adaptation driven by plant-
herbivore interactions. Recently, (De-la-Cruz et al. 2024)
studied the genetic architecture of plant resistance to insect
herbivores of D. stramonium through quantitative trait loci
mapping. Results indicated that a single quantitative trait
loci region on chromosome 3 of D. stramonium is associ-
ated with plant resistance. This QTL explained 8.44% of
the phenotypic variance in plant resistance. Receptor-like
protein kinases were found to play a pivotal role in con-
trolling signaling transduction pathways associated with the
biosynthesis of secondary compounds (phenylalanine, ter-
penoids, carotenoids, and tropane alkaloids) within the QTL
region. Furthermore, a protein from the TRICHOME BIRE-
FRINGENCE-LIKE, responsible for trichome productions
in plants was also identified within the QTL region. Yet, it
remains unknown whether D. stramonium populations can
also become adapted to generalist herbivores, and whether
a physical resistance trait, such as leaf trichome density, can
mediate local adaptation to herbivores. Here, we conducted
areciprocal transplant experiment between four populations
of D. stramonium aimed to () detect local adaptation to spe-
cialist and generalist herbivores, and (ii) to assess whether
local adaptation to herbivores is mediated by leaf trichome
density.

We expect that D. stramonium shows local adaptation
in populations preyed upon by the specialist herbivore L.
daturaphila and that this adaptation is absent in populations
where the generalist herbivore S. purpurascens is predomi-
nant. Nevertheless, we expect that leaf trichome density,
because of its correlation with plant fitness, confers some
degree of resistance against both specialist and generalist
herbivores (cf. Castillo et al. 2013; Karifiho-Betancourt and
Nuifez-Farfan 2015; Valverde et al. 2001).
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Materials and methods
Study system

D. stramonium L. (Solanaceae) is an annual subcosmopoli-
tan herb commonly found nearby cultivated areas and dis-
turbed environments in Mexico, the United States, Canada,
and Europe (Shonle and Bergelson 2000; Valverde et al.
2001; Weaver and Warwick 1984). The species reproduces
mainly by self-fertilization, and has limited pollen and seed
dispersal (Motten and Antonovics 1992). Previous studies
have shown that D. stramonium has a moderate genetic
structure in Central Mexico, Rgp = 0.228 (Castillo et al.
2015). Most populations of D. stramonium in Mexico are
consumed by the specialist folivorous beetle L. daturaphila
(Nufiez-Farfan and Dirzo 1994). However, there are popula-
tions where L. daturaphila is absent, and where the oligopha-
gous flea beetle E. parvula (which consumes other members
of the Solanaceae family), and/or the generalist grasshopper
S. purpurascens, are the main consumers of the plants (Cas-
tillo et al. 2014). Extensive surveys of populations of D.
stramonium in Mexico, analyzing the levels of parasitoid-
ism of L. daturaphila’s eggs by the micro wasp Emerson-
ella lemae (Villanueva-Hernandez and Nufiez-Farfan 2025),
point out that L. daturaphila co-occurs with D. stramonium
mostly in temperate places, most above 2000 m.a.s.l. The
Trans Mexican volcanic belt, that runs from Nayarit in the
Pacific Coast up to the coasts of the Gulf of Mexico in Vera-
cruz, marks the southern distribution limit of L. daturaphila
whose distribution extends up to the Northeast of the USA
(J. Nufiez-Farfan, Personal Observations).

Leaf damage exerted by each of these herbivores is char-
acteristic and recognizable (a more detailed description of

leaf damage type by each herbivore can be found elsewhere
(Carmona and Fornoni 2013; Castillo et al. 2014; Nuiez-
Farfan and Dirzo 1994). Previous studies on D. stramonium
have shown that leaf trichome density constitutes a resis-
tance trait against herbivory that possess genetic variance
(Karifiho-Betancourt and Nufiez-Farfan 2015; Valverde et
al. 2001).

Reciprocal transplants experiment

During September-November 2013 we conducted recipro-
cal transplant experiments between plants originated from
four different natural populations of D. stramonium (Fig. 1).
Populations were selected considering the presence of the
main herbivore at each locality. Teotihuacan and Joquicingo
populations are primarily consumed by the specialist herbi-
vore L. daturaphila, although they are also fed upon by the
generalist S. purpurascens. Conversely, Morelia and Santo
Domingo populations are mainly consumed by the gen-
eralist S. purpurascens, with the specialist L. daturaphila
also present but at a low frequency during the experiment.
Although the abundance of herbivores in D. stramonium
populations can vary interannually, likely reflecting cli-
matic variation, their presence remains predictable across
years, and the predominant herbivore species persist at each
population (Castillo et al. 2014; De-la-Cruz and Nuiez-
Farfan 2023). Distances between populations ranged from
70 to 290 km. Geographic coordinates, climatic conditions
and habitat characteristics of each population are shown in
Table S1.

Experimental plants were obtained by germinating seeds
collected from 30 mother plants from each population of
origin. Because a single fruit can produce more than 200

Fig. 1 Location of four popula-
tions of Datura stramonium
selected to perform a reciprocal
transplant experiment to detect
local adaptation. The Teotihuacan
and Joquicingo populations are
primarily consumed by the spe-
cialist herbivore Lema daturaph-
ila (LD), although they are

also fed upon by the generalist
Sphenarium purpurascens (SP).
In Morelia and Santo Domingo
populations the plants are mainly
consumed by the generalist S.
purpurascens; here the specialist
L. daturaphila was present at low
abundance

80 N

,Morelia (SP)

160 Kilometers
J

A
Teotihuacan (LD)

Joquicingo (LD)
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seeds, we germinated seeds from a single fruit from each
mother plant (i.e., full-sibs). Seeds were individually germi-
nated in plastic pots containing a commercial soil mix in a
glasshouse. This process allowed us to generate four groups
of 30 plants, each corresponding to one of the four sites of
origin. Once the plants produced their first true leaves, they
were transplanted into four experimental plots at each site
of origin in a fully randomized block design. In order to
separate biotic and abiotic effects on plant fitness at each
experimental site, we included an herbivore exclusion treat-
ment. For this, we applied (1 g/50 ml) the commercial sys-
temic insecticide Furadan (FMC Corporation, Philadelphia,
PA, USA).

Leaf damage

The proportion of leaf damage removed by herbivores per
plant was calculated as the ratio of leaf area removed by her-
bivores in a sample of 20 leaves divided by the total area of
those same 20 leaves. When a plant had less than 20 leaves,
we collected all of them. We predicted total area of a given
sampled leaf, by using a regression of leaf area as a function
of leaf length from a sample of undamaged leaves (Valverde
et al. 2001). We used a separate regression model for each
population to account for differences in leaf shape among
populations of different origin (R? ranged from 0.934 to
0.958, p<0.001, n=30). The remaining leaf area was mea-
sured using the software Image-Pro Plus [Version 7.0 for
Windows; Media Cybernetics Inc., Bethesda, MD, USA].

Trichome density and plant fitness

We estimated leaf trichome density as the total number of
trichomes in an observation field of 2.5 mm? located in the
central basal region of the adaxial side of the leaf, follow-
ing Valverde et al. (2001). We obtained the trichome density
per plant, averaging trichome number of a random sample
of 20 fully expanded leaves. We used the number of fruits
per plant as a proxy for individual maternal fitness. Since
D. stramonium is an annual selfing plant, fruit volume is
highly correlated with the total number of seeds contained
in a fruit (Fornoni et al. 2003). Therefore, the number of
fruits is a reliable proxy for lifetime fitness (Mauricio and
Rausher 1997).

Statistical analyses
Herbivore exclusion
To evaluate whether herbivore exclusion treatment was effi-

cient in preventing/reducing leaf damage, we used a multi-
factorial ANOVA with the terms insecticide, experimental
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site as well as the insecticide x experimental site interaction
as predictor variables, and the proportion of leaf damage
as response variable. Leaf damage proportion was log-
transformed prior to analyses. Similarly, we evaluated the
effect of the insecticide treatment on fruit production using a
quasi-poisson GLM with a log link function. Predictor vari-
ables used in this model were the same as described above
but using fruit production as response variable.

Local adaptation

We tested for local adaptation of D. stramonium to generalist
and specialist herbivores by fitting a negative binomial gen-
eralized linear model (GLM) with a log link function. This
analysis was conducted on a subset of the data that excluded
plants from the herbivore-exclusion treatment. The model
included the terms population origin (local vs. foreign),
experimental site, and trichome density, plus all two- and
three-way interactions. The interaction Site x trichome den-
sity tests whether the defensive value of trichomes depends
on the local herbivore community, whereas Origin X tri-
chome density and Origin X Site x trichome density assess
whether any detected local adaptation is mediated by varia-
tion in this trait. Whenever a significant interaction origin x
experimental site was detected (first requisite for detecting
local adaptation) we carried out directed linear contrasts for
testing the (i) “local vs. foreign”, (ii) “home vs. away” and
(ii1) “sympatric vs. allopatric” criterions of local adaptation,
as described in Blanquart et al. (2013).

Leaf trichome density contribution to local adaptation

To evaluate if trichome density accounts for the local adap-
tation of D. stramonium to generalist and specialist her-
bivores, we tested the correlation between leaf trichome
density and fruit number using simple Spearman’s rank cor-
relations (p) for each population at each experimental site,
using a subset of the data that excluded the herbivore exclu-
sion treatment. All analyses were performed in R statistical
software version 3.0.2 (R Development Core Team 2011).

Results
Herbivore exclusion

We found a significant effect of the insecticide treatment
on leaf damage. Overall efficiency of the insecticide treat-
ment was 58.82% (in terms of leaf damage reduction). We
also found a significant effect of the term experimental site
(Table 1a). Mean leaf damage reduction at each experimen-
tal site was: Joquicingo 61.11%, Teotihuacan 55.11%, Santo
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Table 1 Results of (a) an ANOVA model analyzing the effects of insecticide, site, and their interaction (Insecticide x Site) on leaf damage, and (b)
a GLM model assessing the effects of insecticide, site, and their interaction on fruit production, in a reciprocal transplant experiment of Datura

stramonium
Response variable Term d. f. F p R?
a) Leaf damage Insecticide 1 65.53 <0.0001 0.23
Site 3 48.02 <0.0001
Insecticide x Site 3 2.93 0.0046
Error 841 188.47
Total 848 321.52
Term d. f. 7 )4
b) Fruit number Insecticide 1 5.69 0.017
Site 3 370.02 <0.0001
Insecticide x Site 3 33.64 <0.0001

Significant values are highlighted in bold

Table 2 GLM model of the effects of population of origin, experimental site (i.e., “Site”) and leaf trichome density on fruit production of Datura

stramonium

Variable d. f. F 2

Site (S) 3 62.0781 <0.001
Origin (O) 3 1.4951 0.2
Trichome Density (TD) 1 14.892 <0.001
Sx0O 9 7.3266 <0.001
S xTD 3 3.8664 0.009
O xTD 3 3.0473 0.03
Sx O xTD 9 1.3427 0.2

Significant values appear in bold-type font

Domingo 48.81% and Morelia 46.81%. A significant effect
of the experimental site X insecticide interaction was also
detected (Table 1a) (Fig. S1). On the other hand, herbivore
removal treatment increased on average 25.4% of fruit pro-
duction (Table 1b). Significant differences in fruit number
among experimental sites were also detected (Table 1b).
Finally, a significant experimental site X insecticide interac-
tion was detected (Table 1b) (Fig. S2).

Local adaptation

We found a significant effect of the term experimental site on
fruit production (Table 2). Mean fruit production was 3.78
in Joquicingo, 7.8 in Teotihuacan, 2.1 in Santo Domingo
and 9.38 in Morelia. A significant effect of trichome density
was also detected (Table 2). Moreover, the experimental site
x trichome density and origin X trichome density interac-
tions were significant (Table 2). Likewise, we detected a
significant effect of the interaction experimental site x ori-
gin (Table 2).

Direct contrasts aimed to detect local adaptation accord-
ing the local vs. foreign criterion (i.e., higher mean fitness
of a focal population at home, in comparison to the aver-
age mean fitness of all the other populations when trans-
planted into the focal population) indicated the existence
of local adaptation for plants originated in Morelia popula-
tion (Fig. 2a, dotted lines). Accordingly, the home vs. away

criterion (higher mean fitness of the population at home
compared to the average mean fitness of the same popu-
lation when transplanted in all other habitats) also showed
evidence for local adaptation for the Morelia population
(Fig. 2a, solid line). Finally, the sympatric vs. allopatric
criterion (higher mean fitness in sympatric combinations of
populations and sites compared to average fitness in allopat-
ric combinations) showed evidence of local adaptation in
Teotihuacan and Morelia populations (solid lines Fig. 2b).

Leaf trichome density contribution to local
adaptation

Under the presence of herbivores, we found significant cor-
relations between trichome density and fruit production in
the Santo Domingo (» = -0.55, p=0.0024) and Morelia (» =
-0.6, p=0.0002) populations in the Joquicingo experimen-
tal site. We also found significant correlations in the Santo
Domingo population in the Santo Domingo experimen-
tal site (r = -0.41, p=0.0336) and in the Santo Domingo
population in the Teotihuacan experimental site (» = -0.52,
p=0.0002). Under herbivore-exclusion conditions, at the
Joquicingo experimental site, plants originating from Santo
Domingo showed a highly significant negative correlation (
=-0.61, p=0.0008), whereas plants originating from Teoti-
huacan exhibited a significant positive correlation (#r=0.49,
p=0.0082). At the Morelia experimental site, trichome
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Fig.2 Analyses of Datura a

stramonium plants exposed to

herbivores show evidence of

local adaptation for the Morelia

population to the generalist herbi- 15 1
vore Sphenarium purpurascens.
a) Mean fruit production of four
populations of D. stramonium in
a reciprocal transplant experi-
ment. The asterisk indicates
significant differences (p<0.05)
of linear contrasts comparing
fruit production according to the
“local vs. foreign” (dashed line)
and “home vs. away” (continu-
ing lines) criteria for testing local

10 1

Fruit number

Joquicingo

Teotihuacan Santo Domingo

= Joquicingo
[ Teotihuacan
1 Santo Domingo
- Bl Morelia

Morelia

adaptation. b) Mean fruit produc-
tion in allopatric and sympatric
combinations of experimental b
sites and populations of origin.

The asterisk indicates significant 30 -
differences (p<0.05) of linear
contrasts comparing fruit produc-
tion according the “sympatric vs.
allopatric” criterion for testing
local adaptation. Error bars repre-
sent=1 SE

Specialist

20 1

10 1

Fruit number

Generalist

= Allopatry
= Sympatry

I—*

—
; ﬁﬁ r'ﬁﬂ Ba [

Joquicingo

Teotihuacan Santo Domingo

Morelia

Specialist

density showed a negative correlation with fruit production
in plants originating from Joquicingo (»=—10.46, p=0.0205),
while plants originating from Santo Domingo displayed a
significant positive correlation (»=0.50, p=0.0360).

Discussion

Local adaptation is a fundamental process for creating
and maintaining trait variation of antagonistic interactions
(Laukkanen et al. 2012). However, few studies have evalu-
ated local adaptation of plants to their biological coun-
terparts (Leimu and Fischer 2008). Most of the empirical
evidence of local adaptation to herbivores come from spe-
cialist systems, where local adaptation is likely to occur
(Gomez et al. 2009; Ortegon-Campos et al. 2009). Yet, there
is scarce evidence regarding the existence of local adapta-
tion on generalist systems, were local adaptation is, in prin-
ciple, not expected (Gomez et al. 2009). Here, we evaluated
local adaptation of D. stramonium to its generalist and spe-
cialist herbivores. Our results indicate that D. stramonium
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Generalist

Experimental site

can be locally adapted to both generalist and specialist her-
bivores but also indicate that it is not a generalized feature
across populations. Since local adaptation to herbivores can
depend on the feeding capacities of the herbivores, we also
explored whether leaf trichome density (a defensive trait of
D. stramonium) is mediating local adaptation to herbivores
through correlations with fruit production. In this line, we
found that trichome density indeed had a significant effect
on individual fruit production, however we did not find a
consistent pattern indicating that trichome density accounts
for the observed local adaptation patterns. Our results sug-
gest that this trait may even be costly.

To determine whether our estimates truly reflect local
adaptation to herbivores, we incorporated an herbivore
exclusion treatment in our reciprocal transplant experiment.
Although we cannot rule out the influence of climatic fac-
tors, we expected higher fruit production in plants protected
from herbivores compared to those fully exposed. Insec-
ticide application significantly reduced herbivory rates,
although it did not completely eliminate herbivory. Further-
more, fruit production was significantly higher under the low
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herbivore damage treatment than in plants fully exposed to
herbivores, highlighting the negative impact of herbivory on
fruit number production. However, the observed variation
in the effectiveness of herbivore exclusion on fruit produc-
tion across sites and populations suggests that local abiotic
conditions may also play a role in shaping fruit produc-
tion. Interestingly, the sign and strength of the correlation
between trichome density and fruit production varied across
experiments and herbivore-exclusion treatments, indicating
that the role of trichome density results from the interplay
among population origin, local herbivore pressure, and site-
specific abiotic conditions.

Analysis of damage and performance of plants exposed
to herbivores show evidence of local adaptation of D. stra-
monium for the Morelia population. In this site, the main
leaf consumer was the generalist herbivore S. purpura-
scens. This population fulfills the three local adaptation
criteria (see Fig. 2). Although local adaptation to generalist
interactors is not generally expected in theory (Gomez et
al. 2009), diverse studies of D. stramonium have detected
selection by generalist herbivores on defensive traits (Cas-
tillo et al. 2014). On the other hand, we also found evi-
dence of local adaptation in the Teotihuacan population to
the specialist herbivore L. daturaphila, but only with the
sympatric and allopatric contrast. In the local versus for-
eign contrast, the Teotihuacan population produced fewer
fruits than the Morelia population during the experiment,
although this difference was not statistically significant.
This agrees with previous studies that observed mutual
local adaptation of D. stramonium to L. daturaphila in a
greenhouse setting (Garrido et al. 2012; Parachnowitsch and
Lajeunesse 2012). However, our findings contrast with field
experiments showing that the Teotihuacan population has
lower resistance compared to the foreign Ticuméan popu-
lation and that selection exerted by L. daturaphila varies
between years, with strong selection when L. daturaphila
is more abundant (i.e., outbreaks; De-la-Cruz and Nufiez-
Farfan 2023). Furthermore, a recent study by Nuiiez-Farfan
et al. (2024) found through a common garden experiment
that native Teotihuacan plants had significantly more dam-
age from L. daturaphila than to D. stramonium populations
that have been introduced to regions outside their original
native range, such as in Spain, indicating potential fitness
differences. This may reflect, in turn, local adaptation of
herbivores to their home host plant. Interestingly, the pat-
tern of local adaptation to both generalist and specialist her-
bivores does not seem to be a generalized feature among D.
stramonium populations. Instead, it resembles a geographic
mosaic of local adaptations/maladaptations as predicted by
the Geographic Mosaic Theory of Coevolution (Thompson
2001, 2005). Nevertheless, abiotic conditions, the availabil-
ity of alternative host plants, or fluctuations in herbivore

abundance may also affect the selective pressures shap-
ing the resistance traits of D. stramonium (De-la-Cruz and
Nuiiez-Farfan 2023).

We also explored whether trichome density accounts for
local adaptation of D. stramonium. Here, we did not find
a consistent pattern indicating that leaf trichome density is
mediating local adaptation of D. stramonium. These results
contrast with previous findings that detected strong selec-
tive pressures by herbivores acting on leaf trichome density
(Karifiho-Betancourt and Nufiez-Farfan 2015; Valverde et
al. 2001). Castillo et al. (2015) found that trichome density
is not adaptively differentiated in central Mexico, suggest-
ing that most of the phenotypic variation of this trait could
be related to other environmental factors, like mean pre-
cipitation and/or temperature (see Karinho-Betancourt and
Nufiez-Farfan 2015). Furthermore, Castillo et al. (2014),
detected correlational selection by specialist herbivores on
trichome density and tropane alkaloids in D. stramonium
populations in central Mexico, which suggests that these
traits are part of a complex defensive syndrome (Agrawal
and Fishbein 2006; Leimu and Koricheva 2006). Recent
genetic studies found genomic regions in D. stramonium
linked to resistance to herbivores that may be associated
with the evolution of adaptive defense in this species (De-
la-Cruz et al. 2024).

Unveiling the forces that maintain and generate pheno-
typic variation is a main goal for evolutionary biologists
(Leinonen et al. 2006, 2013; Mazer and Damuth 2001).
Here, we provide evidence suggesting that a plant species
can locally adapt to both specialist and generalist herbivores.
Our results also support the hypothesis that adaptive pro-
cesses involved in plant-herbivore interactions are spatially
structured. It is also worth mentioning that, in this study, we
were not able to deal with other sources of variation such
as, transgenerational induction and epigenetic inheritance of
plant defensive traits. Several studies have found that her-
bivore and pathogen attack of plants can generate particular
defense phenotypes across generations (Hannan Parker et
al. 2022; Holeski et al. 2012; Kim and Felton 2013). Gen-
erating this kind of evidence was beyond the scope of this
research, but including explicitly these factors in the context
of the local adaptation could help us to explain rapid adapta-
tion to herbivores on an ecological time scale.
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