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western Mexico

Rainfed agriculture and firewood extraction have contrasting changes on
biocrust functional groups and soil N dynamics in a tropieal dryland Deforestation and farest degradation continpe at alarming mtes, Landowners often clear forest patches for aliernative use, cre-
ating landscape mosaics of different land-use legacies. Ecological restoration is usually monitored by aboveground processes,
while belowground processes are far less studied. We addressed how the abundance and activity of nutrient improvement bac-
teria contribute to restoration success, considering different restoration interventions and land legacies. We assessed the
abundance and potential activity of N-fixing and P-mineralizing bacteria in the rhizosphere of 279 two-year-old Quercus mex-
icana planlds in a disturbed oak forest in central Mexico, We analyzed the differences across landscape patches (eroded land-
slide, pasturdand, and forest) of four common restoration interventions: passive restoration, artificial shading, topsoil
translocation, and combining both treatments. Restoration interventions mod ified soil functioning differently across landscape
patches with asignificant increase of P-mineralizing bacteria abundance and potential activity in the landslid e and pastureland.
In contrast, N-fixing bacteria increased only in the landslide site where we registered the lowest organic matter content. Sur-
prisingly, interventions that enhance bacterial activity and abundance do not necessarily improve short-term seedling perfor-
mance, We recommend considering the landscape heterogeneity to better match the restoration interventions with the
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ABSTRACT

Kgywords: In tempezate drylands, livestock grazing and irigation agriculture alter biocrust cover and thereby soil nitrogen - : s 2 .: . , cen 3 : z prevailing degrad ation factor in each landscape patch. Also, combining restoration strategies does not necessarily result in syn-
Abandaned croplands (X0 dymammine. Horwemer, the mfluence of lam] moe on biscests and sail N dyamtics i tropicel deylards is a Luz Elena Azcoytia-Escalona,” Felipe Garcia-Oliva, de Mexico CP o4510, Mexico ergy and may imply a useless expense of resources. Finally, monitoring sofl health provides novel insights to understand resto-
:'\J‘l':'did:“ cymchacteria hnown. We evaluated the influsnce of rainfed agriculture and frevwood extraction on biscrust functional groups Maria Leﬁ(:ia Arena‘olﬁ Z 4 Mariana Yol Oll A lvarez_AﬁOrve 5,6% ’Com:‘sponding allt«hof,' emall: lten‘a.zas@lb‘unamm ration trajectories that remain undetected when fomsing only on sedling perl‘ormancc.

m’ and goil W dymamics in a wopical dryland. We collected biocrustz in abandoned croplands resulting from rainfed . [ - A % 2 4 ORCID iD: Terrazas: 0000-0001 74 26 .
Land and Luis Daniel Avila-Cabadilla 56 o 7749751 Key words: diszotrophs, mosaic landscape, nutrient cyding, phosphorus-mineralizing bacteria, Quercus, seedling establish-

agriculture and mesquite chrublands reculting from firewood extraction to measure the cover of heterocratous

Mesquite shrublands : : : : ? ment rates
Tehuacan Cubmtlin ivsphers resene cyanobacteria, non-heterocystous cyanobacteria, cyanolichens, and chlorolichenz. We alzo collected zoil below
biocruzt to evaluate soil N dynamica (total and availsble N, N ransformation rates, microbial biomaze NI, Accepted for publication: 6 December 2022; published online: 5 January 2023
energy availabilicy (total ), and microbial activity (C mineralization). We evaluaed the corelation berween *El Calegio de la Frantera Sur, Unidad Campeche, Av. Rancha Paligana 2-A, Cal. Ciudad industrial, 24500 Lerma Campeche,
biocrust functional group cover and sl N dymamics, and berween microbial acdvity and seil N dymamics. In Camperhe, México, *Focultad de Estudios Superions Zamgom, Universidad Nodonal Autinoma de México, (Yudad de Mexica,
abandoned croplands, heterocyatous cranobacteria had high cover and were amociated to altered zoil N dy- México: *Instituto de Investigaciones en Ecasistemos y Sustentohilidad, Universidad Nacional Autanama de Méxica, Marelia, ] i ’ i i . implications for Practice the Earth's terrestrial surface exhibits some level of degmdation
namica. In meaquite chroblands, cyanclichens kad high cover and were amociated to wmaltered soil N dynamice Michoacdn, Méxica; *lahoratato de Ecogendmim, Facuitad de Clencias, Universidad Nacianal Autdnama de México, Pangue Summary - To achieve optxmal balance among wood's support, storage, and transport functions, tree species present adspuve (UN 2019). Forest loss is primarily caused by logging and land-

In thiz tropical dryland, both activities have contrasting changes in biccrust functional group cover and soil ¥
dvnamica, probably due to diffsrences in energy availability and soil microenvironments for microbial activig:
under biocrusta.

variation in wood anatomical traits. Oaks (Quercus) are woody plants that are dominant in many ecosystems, possess wide
variation in wood traits, and can tolerate water stress in diverse habitats. Mountain regions contain steep climatic gradients
that exert strong environmental pressures on wood traits. The aims of this study were: (1) to quantify the anatomical variation
in 21 oak species distributed along an environmental gradient and (2) to analyze the interspecific variation among the studied
species. Fibres and parenchyma fractions were the most abundant cell types. We found a trade-off between total fibre fraction : 7 Y- conditon by, atBoial s
and total parenchyma fraction modulated by the precipitation during the warmest quarter in which oak species in drier areas respectively.

invested more in support cells. The 21 oak species studied showed vasicentric tracheids, which could be essential to compensate e Monitoring sail functioning reveals additional informa-
for the transport system in drier areas. Wood density was negatively correlated with the axial parenchyma fraction and fibre tion than seedling performance data to understand resto- DD, NELL wrote and edited d and edited the
lumen width. Oak species have high interspecific variation in the total vessel fraction and vessel diameter. Anatomical variation ration trajectories, T—

in oak species along a climatic gradient showed a broad continuum of fibre characteristics from wide to narrow wall and lumen, ® Combining two restaration inkerventions does not necessar-
evalualed the effect of a category 4 hurricane over the abundant to scarce parenchyma, and wide to narrow vessels. These variations imply a diversification of ecological strategies ily generate additional benefits to soil funciioning and seed-
tree community, soil nutrients, and soll enzymatic within the genus that includes the vascular design of the stem to define the tolerance and competitiveness of the oak species. ling pd'ﬁcnmmc cunpm:d to applying m"' L .
actvity in two contrasting TDF ecosystems: Old- ) e ) i o i y ¢ P-mincnlizing bacteria were mor seasitive to physico-
Growth Forest (OGF) and Secondary Forest (SF). In e e e DL e STt chwpes i Saneons:

general vegetation richness anddiversity showedvery
high resistance one year afier the hurricane, but sev-

® Masaic landscapes with different land-use legades pre-
sent site-specific bottlenecks for ecological restoration.

® Enzymatic activities of soil bactena in landslide and pasture-
land sites m and ecosystems benefit mainly by addng
arganic matter through opsoil ransference and improving
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use conversion to agricultural lands, accounting for more than
70% of the total land degradation in Latin America
(Hosonuma et al. 2012). Forest degradation negatively impacts
biodiversity and human well-bang (FAO, UNEP 2020).

ABSTRACT

Humicanes are extreme cimatic events frequently
affecting tropical regions such as the wopical dry
forests (TDFs) in Mexico, where its frequency/inten-
sity & expected 1o increase toward the year 2100, To

1. Intreduction et al., 2016). The grazing and trampling by livestock modify the species
composition and abundanece of biocrusts, consequenty reducing W fix-
Biocruzts are key multifunctional components of the struocture and ation, total and available N, and N mineralization (Evanz and Belnap,
function of drylands (Bowker ecal., 2012). Theze communities of micro- 1999; Huajie et al,, 2009; Gomez et al., 2012). In contrast, the activities
and maero-organizms can modulate hydrological processes, reduce wind of irrigated agriculture disturb the original zoil and vegetation, thus
and water erosion, inerease soil fertlity, and participate in soil carbon reducing or eliminating biserusts. Biocrusts can only be recovered after
{C) and nitrogen (N) dymamics (Elbert et al_, 201 2; Eldridge et al., 2020; croplands are abandoned for several yvears. In abandoned croplands,
Barger et al., 2015). As for soil N dynamics, biocrusts can fix atmo- biocrusts can be dominated by different groups of organizms such as
spheric M and modulate the total and available N forms in the sodl eyanobacteria or mosses that contribute to N fixation (Thao et al., 2010),
(Delgado-Bagquerizo et al., 2013). In additon, they can create favorable ar by mosses that increase the available M and microbial biomass N (Hu
soil miercenvironments for bacteria and fungi involved in nitrification, etal, 2019
ammeonification, denitrification, mineralization, and immebilization Until now, most studie: on the influence of land use on biocmizts and

Author congribatons: RGAG DD, NELL conceived and designed the msearch; DD
designed and established the fiedd experiment; RGAG, NELL realized Loty
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a high-intensity hurricane, and if its degree of resis-

tance was mediated by its conservation degree, we
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Introduction Introduction

(Barger et al., 2016; Hu et al., 2019). Thus, biscrusts play a key role in zoil M dynamies have only evaluated the total biocrust cover or taxo-
soil M dynamics in drylands, where thiz element iz a limiting factor nomic group cover (cyanobacteria and lichens) and related these covers
(Elbert et al., 20012). to zoil N dynamicz. Few studies have evaluated the cowver of biocrust

The role of biocrusts in zoil N dynamiecs, however, can be altered by funerional groups related to N such az heterocystous cyanobacteria or
land uses such as livestock grazing and irrigated agriculture (Zaady cyanolichens (Ponzett and McCune, 2001; Belnap et al., 2006; Huajie
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Abstract: Inland aquatic ecosystems are valuable sentinels of anthropic-associated changes (e.g.,
agriculture and tourism). Eutrophication has become of primasry importance in altering aquatic
ecosystem funcioning. Quantifying the CO, emissions by inland aqualic ecosystems of different
trophic statuses may provide helpful information about the role of eutrophication on greenhouse
gas emissions. This study investigated diel and seasonal carbon dioxide (CO,) concentrations and
emissions in thee tropical karst lakes with different trophic statuses. We m red CO, emission

using static loating chambe s twice daily dusing the rainy/warm and dry/cold seasons while the
Citation: Varges Ssachez, M lakes were thermally stratified and mixed, respectively. The CO, concentration was estimated by
Akoocet |3 Stachez Carsillo, S; gas chromatography and photoacoustic spectroscopy. The results showed a significant seasonal
Owguaers, LA Rivers Herrerg, EM:  Vafiation in the dissolved CO; concentration (Cepp) and the CO; flux (Fopn), with the langest
Saria-Reincsa, [; Guzman Aria, A values i the rainy/warm season but not along the diel cycle. The Coo values ranged from 13.3
Garcia Oliva, F; Mesino- Tharra, M. to 168.6 pmol L~ averaging 41.9 + 35.3 umol ! over the rainy/warm season and from 129 to
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eral structural atributes did not, especially inthe OGF
where the ree monality related 10 vegetation struc-
tureand spatial distribution of individuals was higher.
Then, in the shon term, SF vegetation appeared 1o be
more resstant, whereas the OGF, with more biomass
10 lose, appeared 1o be more vulnerable. Conversely,
most soil atributes showed low resistance in both
stages, but espectally in SF which could face more
sewere nutrient imitatons, The response of TDF 10
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Amino Acids in the Root Exudates of Agave lechuguilla Torr. Favor
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Abstract

Agave lechuguilla is a widely distributed plant in arid ecosystems. It has been suggested that its microbiome is partially
responsible for its great adaptability to the oligotrophic environments of the Chihuahuan Desert. To lead the recruitment of
beneficial rhizobacteria. the root exudates are essential: however, the amino acids contained within these compounds had been
largely overlooked. Thus, we investigated how the variations of amino acids in the rhizosphere at different growth stages of
A. lechuguilla affect the rhizobacterial community composition, its functions, and activity of the beneficial bacteria. In this
regard, it was found that arginine and tyrosine were related to the composition of the rhizobacterial community associated to
A. lechuguilla, where the most abundant genera were from the phylum Proteobacteria and Bacteroidetes. Moreover. Firmi-
cutes was largely represented by Bacillus in the phosphorus-mineralizing bacteria community, which may indicate its great
distribution and versatility in the harsh environments of the Chihuahuan Desert. In contrast, we found a high proportion of
Unknown taxa of nitrogen-fixing bacteria. reflecting the enormous diversity in the rhizosphere of these types of plants that
remains to be explored. This work also reports the influence of micronutrients and the amino acids methionine and arginine
over the increased activity of the nitrogen-fixing and phosphorus-mineralizing bacteria in the rhizosphere of lechuguillas. In
addition, the results highlight the multiple beneficial functions present in the microbiome that could help the host to tolerate

arid conditions and improve nutrient availability.

Keywords Rhizosphere - Plant metabolites - Beneficial bacteria - Functional prediction - Nitrogen-fixing bacteria -

Phosphorus-mineralizing bacteria

Secondary xylem is one of the most complex plant tissues; it comprises several distinct cell types, such as vessels,
fibres, tracheids, and parenchyma (Chave et al. 2006; Swenson & Enquist 2007; Zanne et al. 2010; Zieminiska et al.
2015). Variation in the volume occupied by each cell type in the stem is shaped by a balance among the demands
for the acquisition and storage of water, nonstructural carbohydrate content, and other nutrients (Sperry et al. 2008;
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Arginine and methionine increase the enzymatic activity of microbes e
involved in N and P cycles in arid soil from the Chihuahuan desert
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ARTICLE INFO ABSTRACT

Haodling editor: Nataeha Bodenhause Root di are mainly ¢ d of sugars, organic acids, and amino acids. These are carbon sources that

recruit beneficial bacterial ¢ ities in the rhizosphere, However, the composition of the root exudates is
Keywonts: variable and mainly unknown for plants from arid lands, such a5 Ageve lechuguilia Torr. This work studied the
Bactenial community effect of different metabolites identified in the thizosphere of A. lechugrille Torr. (Maltose, lactose, axalic and
:::"Q;:"m tartaric acids, arginine, and methionine), over the enzymatic activity and abundance of nitrogen-fixing bacteria
» i and arganic phosphorus mineralizing bacteria, as well as the changes in the ilability in the soil. It was
leﬂm found that caly the amino acids & d the nitrog and phosph activity, and these increments were

reflected in the available nutrient concentration in the soil. Likewise, the presence of carbon and nitrogen from
the amino acids may reduce the CN ratio in the soil, enhancing the minerafization of organic matter and the
concentration of ammonia, nitrite, and nitrates. This work shows the complexity of the nutrient recycling process
in the soil and the essential role of bacteria in making nutrients available to plants. Understanding this process
could aid in improving the establishment of plants in eroded ecosystems or under the harsh conditions of arid
enviroaments.

1. Introduction

hic b
P

are the primary source of N [9]. It iz ecti J that d:
contribute up to 70% of the nitrogen needed in crops [10], either az

The rhi hereiza rich space around the roots that receive endophyte: or free-living microorganiama [11,12]. The reduction of
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38.0 pmol L1 with an average of 21.0 + 7.2 umol L1 over the dry /cold season. The Foop values
ranged from 0.2 to 12.1 g CO, m—2 d-! averaging 4.9 + 4.0 5 CO; m~2 d-! over the rainy /warm
season and from 0.1 to 1.7 g CO; m~2 d-! with an average of 0.8 + 0.5 5 CO, m~2 d-1 over the
dry/cold season. During the rainy /warm season the emission was higher in the eutrophic lake San
Lorerzo (9.1 £125CO2 m 24 ”), and during the dry/cold the highest emission was recorded in
the mesotrophic lake San José (1.42 £ 0.2 g CO; m™ 2d-1). Our results indicated that eutrophication
n tropical karst lakes increased CO; evasion rates to the atmosphene mainly due to the persistence
of anoxia in most of the lake’s water column, which maintained high rates of anaerobic respiration
coupled with the anaerobic exidation of methane. Contrarily, groundwater inflows that provide rich-

Introduction

Agave lechuguilla is a water use—efficient plant from the
Chihuahuan Desert. an ecosystem with low soil nutrient
availability and extreme climatic conditions [1]. Despite the
ecological, cultural, and biotechnological importance of A.
lechuguilla, little is known about the mechanisms or even the
interactions with microorganisms that may facilitate the tol-
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up to 20% of photozynthetic carbon from the plant through root exu-
dates [1]. Thiz nutrient release into the zoil incresses the microbial
bi and imp the i of plant-growth-p ing rhi-
zobacterix (PGPR) [2]. The p of beneficial b ia in the
rhizosphere supports the plant growth and its performance by different
DA A AEENE g

atmospheric nitrogen iz catalyzed by the nirogenases encoded by the-
nif HDK genes [13], with nifHas one of the most frequent and utilized for
studying NFB [14].

In turn, the zoil 'z availability of phosphoruz (P) can be mediated by
different b ial gies. The mineral fraction of phosph

bilized by rocks such az apatite can be releazed by'P b;:ce.rhl

g these are ilability
T | ) 1 \ | ' AN T
3 g g pathog phy
production, and favoring the tolerance to abiotic stress [3,4]. These
traits are even more valuable in arid envi where the plant are

subjectad to low water levels, high UV radiation, salinity, alkaline zoils,
and nutrient: deficiency [S].

solubilizers producing organic acide and a pH decrease [15]. However,
even under arid lis ozganic P iz probably the primary Pzource in
the zoil [16], and it iz released by the action of phosphatases produced
by organic phosphoruz lizing b ia (OPMB) [17]. Several
phosphatases intervene in P mineralization, including phosphomono-

Deforestation and land degradation take place at alarming rates.
Between 1990 and 2020, 178 million hectares of forest have
been lost globally (FAO, UNEP 2020). Approximately 205 of

© 2023 Soday for Ecological Resoration.
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Abstract

Knowing how species and communifies respond to environmental change is fundamental in
the context of climate change. The search for pattems of abundance and phenctypic vanation
along altitudinal gradients can provide evidence on adaptive limits. We evaluated the species
abundance and the variation in morphometric and stomatal characters in five tree fems spe-
cies (Cyathea fulva, C. divergens, C. myosuroides, Alsophila firna and Gymnosphaera sahi-
ni) distnbuted along an elevation gradient in a well-preserved Mexican cloud forest. Variation
atthe community and species level was assessed using exploratory and multivanate data
analysis methods. We wanted to explore if the species abundance is environmentally deter-
mined, to determine the degree of variation along the elevation gradiert, to test for differences
between zones and associations with elevation, humidity and soil nutrients, and to assesscon-
tribution of the intra- and interspecific variation to the community response to elevation and soil
nutrients. The studed fem community showed strong species tumover along the elevation gra-
dient, with some influence of soil nutrient concentration, supporting environmental determin-
ism. All measured characters displayed variation along the gradient. Stomatal characters (size
and density) had significantly less variation than morphometric characters (trunk dameter,
stipe length and blade length), but stomatal density also shows interesting intraspecific pat-

erance of lechuguillas to the harsh conditions of the desert.
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lensvely addre geability arising from e inpects of do product :’;"“:":; Temperate forest is highly fragmented within the nagion: most patches ane small (<30 ha), have a Articie history: The Early Agriculfure Period (EAP) in the southwest of USA and northwest of Mexico began fust after
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1. Introduction significant differences between the two vegetation covers studied i e forest that support the connectivity of seeds and pollen have different characteristics (ie, size and of the ancient activities suoundig them meets dificulies and requires the development of

DOL: hitp://dx. doLorg’10.24016/iansa 2024.1.1 geoarchasological mdicators. The present study aims to idennfy anthropic processss from three
paleosols in the and Northwest Mexico using physical micromorphological and biogeochemistry
charactenistics. In addinion, the physical and biogeochamical variables were analysed by redundancy

(Ordanes e al., 2008). However, the lack of satistical difference of soll
Carbon storage and sequestration represent ecosystem services that organic carbon (SOC) may be a result of the high vartability of soll

Young, KR; Deswig, A - GanisOliva,  topology) that may be considered for implementing conservation and management strategies. Seed
E; Ghilasdi, A Estinatiog dispersal seems to be more threatened by fragmentation than pollen dispersal, and patches that ane Ky words:

ar of jnteveit 0 the gicbel comnkty, s they sffact climate change - conditions exiiting st the landeage seslen; fackafing thase affhcted by Fragnentation snd Connectivity important for maintaining seed connectivity are embedded in the denser zone of avocado orchards. phosphorus fractionations analysis. Results show that the combination of physical. micromorphological-micromorphomstric and

mefiigutian; (Cuundelt and Raupach, J008)- Sacien of Ind wem chaage | Trchie muApu. Pattern o the Temmperate Forest in anthropic activity biogeochemistry analyses are an acaate mdicator of agriculrure during the Early Azriculnure Period
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. i 8 » j g 3 ) Progos: Corservation Strakgies. Aasificaling: soid bl sdlin dwdet micomorphology feanumes indicator of sodl changes induced by human fire management The intecrated analyses of these methods

(Palm et al, 2074; Power, 2010; Zhang et &L, 2007). In Michoacan,  landscape scale varfables, Incuding vegetation make-up, climate, Laad 205, 12, 631, Mg /dokony/ % pe P thiss had a hizher potential for determining the uman activities effect on paleosols fom the Late

Mexico - a global center of avorado production - deforestation and ecalogical dynamics, soll formation, and nutriene avallabilicy (Fig. 1). {uxw/;‘:’mﬁl g Holocene.

fragmentation of the native pine-cak forests for the sake of avocado Aboveground carbon storage changes with vegetation cover and species

production has been documented In previows studies (Arima et al 2022 composition, but in terrestrial ecosystems, the main carbon pool is the Academic Editoe Yows Lauasonacr

Cho et al., 2021; Barsimantov and Navis Antezana, 2032; Mas et al. soll, which has thus high potential for carbon sequestration and long- L Introduction

2017} Avocado has proven to be a very profitable commodity, and as term storage (P'ost et al., 1992; Schlesinger, 1991). However, the accu- ;“““: ‘:hi';‘“;" e Temperate forests constitute the majority of the forest ecosystems in the northern

such, the decision to uce s driv ecanomic benefir to mulation of SOC Is affected by climate factors, microblal and enic i3 s . 2 < > . 22 i . . . . . )

s el s e g sekp s i bl e s I byl <5 play otk e s Wi oo Yook il pres wd ey 1. Tntroduction and the wce of space. especially if combined withthe records

from these forests have begun to emerge (Chavez Leon et al, 2012 et al, 2004, Koged-Knaboer and Amelung, 2027). Among climate fac- Publistwd 7 Maech 2023 ponixfvations o people wowideids 123 ToMincen; femperaie fom 5_! wu s épl{t- from the artifacts (Barba, 2007; Middleton et al , 2010). Ken Oyama
Gamesz-Taghe et al., 2019, Marroquin-Parme et al., 2017). Preliminary tors, variables that impact plant productivity and decomposition also cak, and ayamel forests, occupy a large part of the country, nearly 17.4% (340,000 km; [3]) In the last 25 years, deposits related to ancient human The Sonoran Desert m Northwest Mexico hosts one

studies of carbon pools across Michoacn found thar pine-cak forests strongly affect S0C; for example, sites with higher temperatures and
had 1.7 times higher aboveground C content than the avecado crchards precipitation also have higher primary productivity and higher soll
(116 and 67 Mg C ha™, respectively), but the sofl C content had no organic matter (SOM) decomposition razes (Augusto =t al,, 2017). In the

* Corvesposdisg sethor at Waoeld Resossos Intitule, Wsbiogion, DC, USA,

re‘a\()ﬁ maintain a high biodiversity of native plants and animals [4-6], and provide fundamental
= C ecosystem services, such as nearly 80-90% of timber production in the country [7] and about

Copyright © 2023 by the mthoes  54%, of the carbon sequestration and 25% of the water infiltration [8-10].

Licenws MDPL Busal, Switzerhnd Mexico is one of the centers of the diversification of pines (Pinus, Pinaceae; [11]) and

This artick: is =0 open acos atidde ks (Quercus, Fagaceae; [12]), harboring 46 of 110 pine taxa and 160 of about 450 oak

distribrated under the seoms and - gpocjes that have been described worldwide [4,12,14]. Despite the invaluable biological
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occupation have been analysed through archaeological.
ethnoarchaeclogical, and expenmental studies (Goldberg
and Macphail, 2006). However, studies using traditional
methods and techmques have demonstrated the complexaty of
processes occumng around sites. Therefore. to recover all the

of the key sites for mitial peopling of Amenca duning the
Pleistocene-Holocene transition (Sanchez er al., 2014). This
area, belongzing to Oasisamenca, also presents one of the
largest sites of the Early Agnculture Peniod (EAP). named
Lz Playa, with permanent human occupation (Carpenter and

E-mad addres sulreydenvir@eizueady (A. Deavir). S heritage and the ecological importance of temperate forests for Mexico, these forests have cultural and ecoloEic_al mformation, it is necessary to' ?PPIY Sanchez, 2013) and agricultural villages (Sanchez, 2016). ?0
Dty /dolong/10. 1016/ ngee-2023.1 63746 Atribution (CC BY) Bams (Mtp<// oo Jost at an annual rate of 0.5-0.8%, mainly due to changes in land use, increased fires, d’-&"?m methodologies (e.g., Albert ez al., 2016: AGu!vlen'ez- the Sonoran coast, in the margins of the Gulf of California,
B 2 ot 29 N’"“ 2029.Rniv;d-lnn:d-!!ﬁxm 6 Seplessber 2029, Acceptnd 14 September 2023 :::T“mmmw'(h'w“w/ and illegal logging [5,6,13]. In the state of Michoacan, deforestation has led to the loss of up Rodriguez et al., 2018; Frank et al.. 2021). Considering the  there is also evidence of human activities (17501150 BP

0167-8500/0 2023 Elsevier BV, Al rights reserval.

Land 2023, 12, 631. https:/ / doiorg/10.3390/ land 12030631 hitps:/ / www.mdpi.com fjoumnal/ land

sotl as one of the most abundant matenals m archaeological
excavations, the analyms of the physical and chemucal
orgamic, and morgamc micro-remamns of pedological units
can provide information for the study of anthropic activities
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and 1150450 BP), but mn this case, the archaeological
findings are the rests of bumed shells, ceranues. hthues, and
mmussel ovens. These archasolozical contexts are not free of
contradictions regarding the evaluation of human mmpact
in companson to Mesoamencan zites, where monumental
architecture 15 a common charactenstic. This increases
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