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			Abstract

			This review presents an in-depth perspective on the history of scientific nomenclature and common name change of the well-known ancient oilseed crop, Chia. Prior to the 16th century, the chia crop was given the name:

			a.	Chian by the Mexica culture. Later in mid-18th century.

			b.	The botanist Pehr Löfling scientifically called Chia Salvia hispanica, which was later published by Carl Linnaeus in his Species Plantarum book. By 1832, this scientific name became well-accepted among the Spanish Language Academy.

			c.	Effectively replacing the Nahua term Chian by the new Spanish word Chia. During the same era in Mexico, Pablo de la Llave

			d.	Called it Salvia chian; and confirmed that chia did not grow in the production areas of Spain. In the 20th century.

			e.	Salvia chia was assigned by the botanist Merritt L. Fernald while Nicholas I. Vavilov used this exact Latin binomial name to demonstrate that the region passing through southern Mexico and into Guatemala was the geographical origin of the chia plant. In 2006, the company Agrisalba SA in Peru bred the white chia seed phenotype using conventional methods and called it Salba. Furthermore, finally in 2012.

			f.	The International Plant Name Index assigned the common name Chia to the Salvia mexicana species which corrected all inconsistencies assigned to this Mexican chia ecotype since Linnaeus’s work nearly 265 years ago. This internationally accepted nomenclature pays tribute to this Mexican crop with deep ancestral roots and was by consensus a means to restore its identity which without a doubt is in-line with its original significance: “A Mexican plant to cure or save.”
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			Introduction

			The domestication of crops in North America can be dated back 7,000 years, and human consumption of plants reached its peak by the time that the Mexica culture flourished in the southern region of Mexico circa 1325-1521 B.C. [1,2]. While the list of domesticated crops in Mesoamerica was found to be extensive [1,3], at the time when sea-voyaging Spaniards landed in Mexico, the food culture there was based mostly on corn, bean, 

chia, leafy vegetables, and pseudocereals-like amaranth and huauzontle [4,5]. The importance of the first two crops in Mexico as carbohydrate and protein food source, respectively, is still quite high. While Mexico alone produces more than 200 different crops for fresh and processed goods, the corn and bean crops cover 44% of the total current cultivated land [6]. Two other crops, chia and amaranth, which initially did not receive the same attention as the more sought-after landraces of corn, bean, cocoa, chili, pumpkin, and tomato were not so popular in most traditional and modern food cultures and diets [7]. However also, both chia and amaranth exhibit several inconsistencies that occurred in their history as a domesticated crop. According to Sosa-Baldivia et al. [8], several of the inconsistencies found in the history of chia are not only related to the time when it had emerged that the Mexican people were nearly extinct, but is a result of other erroneous notations made throughout history, and most, if not all previous assumptions of chia were accepted at a time when the knowledge base of this Mexican-Guatemala native plant was, in fact, very poor. Other irregularities found present in the literature are many listed here:

			
					The use of its name as Salvia hispanica, since this incorrectly describes Chian/Chia as a native crop of Spain [9].

					Affirmations made that its drastic reduction in the consumption was associated with an imposed ban by the Ruling Spain [10].

					To have reported that the chia crop is an exclusive summer crop [11].

					To have claimed that the chia crop resists the attack of pests and diseases [12].

					To have supposed that chia has low requirements of fertilization for quality production [13].

					To have used the term chia to refer broadly to chan (also named as “fat chia” or “Chia of Colima”), huauzontle, plantago, and amaranth crops [14-17].

					To publish erroneous pictures of this crop [18].

					To have changed chia’s name and nomenclature many a time [9,19-22]. Regarding the last point, though all Mesoamerican crops presented changes in their nomenclature, none of them received so many name changes as the chia crop. Indeed, this action considerably had caused much confusion among academic, scientific and private research communities on the correct name(s) for chia. The objective of this review is to present a comprehensive history on the changes that have taken place in the common and scientific naming of the chia seed crop that today is readily-available on the industrial scale and widely-used by many different multi-national industries.

			

			History on the Naming Nomenclature of Chia 

			Chia is a flowering plant of the Salvia genus within the family Lamiaceae which contains many aromatic herbs such as mint, rosemary, lavender and thyme to name a few [23]. Currently, all plants are scientifically assigned a Latin binomial with at least two names, or the genus and species names -the first one can be found typically associated with its common name, but if it is written in italics then this refers to the plant’s genus name; while the species name is the one that botanists and naturalists assign to the plant according to its proper taxonomic classification – e.g. ‘angustifolia’ in Latin means narrow-leaf; and ‘syriacus’ can mean it originated from a certain geographical region such as the case for Hibiscus syriacus (Common name: Rose of Sharon) which has been traced back to lands within Syria [24]. In the case of the native crops of Mexico, on top of the assigned Nahua word for chia and many other reasons mentioned above, in addition to the elimination of the chia term, and then both Spanish and English words emerging and improperly used among the peoples such that chia’s origin and meaning had been diluted to the point of near extinction (Table 1).

			Table 1: Changes on the common and scientific nomenclature occurred at some crops domesticated on America.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Scientific name

						
							
							Year

						
							
							Nahua

						
							
							English

						
							
							Year

						
							
							Espanish

						
							
							Year

						
							
							Modern

						
							
							Year

						
					

					
							
							Salvia hispanica L.

						
							
							1753

						
							
							ChianMe

						
							
							
							
							Chía

						
							
							1832

						
							
							Salba

						
							
							2006Vu

						
					

					
							
							Salvia chian L.

						
							
							1832

						
							
							
							
							
							
							
							
					

					
							
							Salvia chia Fern.

						
							
							1900

						
							
							
							
							
							
							
							
					

					
							
							Salvia mexicana L.

						
							
							2012

						
							
							
							
							
							
							
							
					

					
							
							Solanum lycopersicum L.

						
							
							1753

						
							
							XictomatlHe

						
							
							Tomato

						
							
							1604Ha

						
							
							Jitomate

						
							
							1604Ha

						
							
							
					

					
							
							Lycopersicum esculentum Mill.

						
							
							1754

						
							
							TomatlHe

						
							
							
							1604Ha

						
							
							Tomate

						
							
							1604Ha

						
							
							
					

					
							
							Solanum Lycopersicum L.

						
							
							2012

						
							
							
							
							
							
							
							
					

					
							
							Zea mays L.

						
							
							1753

						
							
							CentliHe

						
							
							Corn, Maize

						
							
							¿

						
							
							Maíz

						
							
							1542Me

						
							
							
					

					
							
							Persea Americana Mill.

						
							
							1754

						
							
							AhuacatlHe

						
							
							Avocado

						
							
							1697Ha

						
							
							Aguacate

						
							
							1697Ha

						
							
							
					

					
							
							Teobroma cacao L.

						
							
							1753

						
							
							CacauatlMe

						
							
							Cocoa

						
							
							1672Ha

						
							
							Cacao

						
							
							1542Me

						
							
							
					

					
							
							Opuntia ficus-cactus Mill.

						
							
							1768

						
							
							NopalliHe

						
							
							Opuntia cactus

						
							
							¿

						
							
							Nopal

						
							
							1578Ha

						
							
							
					

					
							
							Ipomoea batatas L.

						
							
							1753

						
							
							CamotliHe

						
							
							Sweet potato

						
							
							1842Ha

						
							
							Camote

						
							
							1842Ha

						
							
							
					

					
							
							Capsicum annuum L.

						
							
							1753

						
							
							ChilliHe

						
							
							Chilli, pepper

						
							
							1662Ha

						
							
							Chile

						
							
							1662Ha

						
							
							
					

					
							
							Pachyrhizus erosus L.

						
							
							1753

						
							
							XicamatlHe

						
							
							Yam bean

						
							
							¿

						
							
							Jícama

						
							
							1604Ha

						
							
							
					

					
							
							Helianthus annus L.

						
							
							1753

						
							
							ChimalacatlHe

						
							
							Sunflower

						
							
							¿

						
							
							Girasol

						
							
							¿

						
							
							
					

					
							
							Sechium edule Jacq.

						
							
							1760

						
							
							ChayotlHe

						
							
							Vegetable pear

						
							
							¿

						
							
							Chayote

						
							
							1884Ha

						
							
							
					

					
							
							Phaesolus vulgaris L.

						
							
							1753

						
							
							EtlHe

						
							
							Bean

						
							
							¿

						
							
							Frisol, frijol

						
							
							1542Me

						
							
							
					

					
							
							Cucurbita pepo L.

						
							
							1753

						
							
							AyotlHe

						
							
							Pumkin

						
							
							¿

						
							
							Calabacita

						
							
							1542Me

						
							
							
					

					
							
							Amaranthus hybridus

						
							
							1753

						
							
							HuautliMe

						
							
							AmaranthWa

						
							
							¿

						
							
							Bledo

						
							
							1542Me

						
							
							Alegría

						
							
							1698SA

						
					

					
							
							
							
							
							
							
							
							
							Amaranto

						
							
							1832Wa

						
					

					
							
							Hyptis suaveolens (L) Poit

						
							
							1806T

						
							
							ChianzotzotlHe

						
							
							
							
							Chia de colima

						
							
							1887Ur

						
							
							Chan

						
							
							1886Ro

						
					

					
							
							Chenopodium nuttalliae

						
							
							1753

						
							
							HuauquilitlHe

						
							
							
							
							Huauzontle

						
							
							1888Ga

						
							
							
					

				
			

			Source: HaHaugen [21]; MeMendoza [25]; GaGarcía [66]; TrTropicos [56]; SASauer [67]; WaWashington [68]; RoRodríguez [69]; UrUrbina [34]; HeHernández [27]; VuVuskan et al. [51].

			Chian, the Birth Name of the Modern Chia Crop Given by the Mexics Peoples

			In Ancient Mexico, or pre-Hispanic times, the chia crop was known as Chian [25-28], and prior to Spain porting at the naval yards in Mexico, chia along with corn, bean and amaranth were key crops for consumption. However, while chia was lower on the list of most important food crops, in ancient times it was a mainstay in offerings during routine rituals to their many holy gods [29], and its pressed oil was widely used to decorate handcrafts sold at the local fair [30]. Chia is derived linguistically from the Nahua term “Chian” which in Mexica language means “oily”, and still today although considered a pseurocereal, chia is best known as an oilseed [7,31]. Based on this grammatical nomenclature as an adjective suggested the Mexica people referred to all species of the genus Salvia as chian [32].

			As such, the chia seed available today was ultimately selected for the distinctive high oil content characteristic (S. polystachya O., S. tiliifolia V., and S. columbariae B.), although specifically, it seemed chian was mostly used to refer directly to the S. mexicana species that the Mexica culture domesticated prior to 15th Century A.D.. According to Mendoza Codex records, during the pre-Hispanic years in the capital of the Mexica Empire Tenochtitlan the demand for chia consumption ranged between 4-15-thousand-ton year -1 [25]. Then, the literature published between years 1542 and 1890 suggests that once Spain colonized Mexico the chian term continued to be used to refer the chia crop [26,27] and the last book reference where this name is used was published by Vetancourt [28].

			Botanist Carl Linnaeus Improperly Names the Chia Plant Salvia hispanica

			As part of the standardization of the scientific language used for identifying and classifying plants around the world, in 1753 Carl Linnaeus assigned Salvia hispanica to the chia plants found across the world [33]. This Latin binomial name had been the standard scientific name used worldwide to refer to the chia crop. However, it came to pass that this S. hispanica L. annotation presented two main inconsistencies. First, according to Linnaeus this name made relevant the geographical origin by pointing to Spain and Italy; “Salvia hispanica” translated into English is “A Spanish plant to cure or save.” However, we know with certainty that the geographic origin is not Spain and/or Italy since chia cannot grow in these countries due to climactic factors; even soft frosts can kill the chia plant before it is able to flower and produce seeds [19,34]. Interestingly, according to Urbina [34] & Fernald [20], Christopher Columbus carried the chia crop from Mexico to Spain for testing its environmental suitability. This assumption is consistent with the botanical work published by Gilii & Xuarez [35], in which they classified chia as a crop that had been introduced to Rome, Italy.

			Secondly, according to López [36], the botanist Pehr Löfling had collected identical-looking chia plants throughout Madrid, Spain and decidedly called it Salvia hispanica; then his mentor Professor Linnaeus used this exact Latin binomial name to denote chia in his Species Plantarum book [9]. This mean that it was Löfling, and not Linnaeus who classified chia the first time. Over time, these two contradictions came to surface such that they were widely and openly discussed in the research community. The opponents to the name S. hispanica L. continued to raise their point on the use of the term hispanica as the standard species name, particularly at a time when all assumptions on the species origin of chia seemed to originate in southern Mexico [37-41]. Moreover, it was in [19], by de la Llave, and then again in [34], by Urbina, who both highly suggested to change the current scientific name based on their research [33]. Despite their substantial and significant findings, the correction of the scientific and common name was never brought to public vote. In part, this was possibly due to the weight that Linnaeus exerted on the scientific community, even 80 years after his published denomination and 1753 ennoblement. As shown below, the long-sought after correction was not made until 2012.

			Chia, and not Chian, is the Common Name Assigned by the Academy of the Spanish Language

			The changes in the nomenclature of chia did not end with the assignment of its scientific name by Linnaeus in [9]. By the end of the 18th century, some botanists began to use the term chia instead of chian in their published works [35,42]. More than 100 years later in Mexico, de Bustamante [43], published a list of 61 Mexican native plants on which chia as listed, and included the Nahua, Spanish and Latin binomial names which were Chian, Chia and Salvia chia, respectively. Soon after in 1832, the Spanish Language Academy decided to switch the common name back to the more modern name Chia rather than Chian [21]. By the mid-1800s actions like these helped to standardize the many different dialects of Spanish into a single, common language for all worldly Spanish-speaking regions. However, according to Maisch [40], Gardner & Holdt [44], this action caused confusion among rising plant researchers unfamiliar with the deep history, technical language of botany, and some of them began to call the many different species of the genus Salvia collectively as chia (S. columbariae B., S. mexicana, S. polystachya O., S. tiliifolia V.). The confusion began to intensify when it became clear that chia was being used for plants of non-Salvia genus species such as amaranth (Amaranthus hypocondriacus) [17]; chan (Hyptis suaveolens) [15], plantago (Plantago psyllim) [14], and huazontle (Chenopodium nuttalliae) [16]. The use of the word chia used to describe at least four distinct plants throughout history was perhaps a result of the comings and goings of the Spanish brigades landing in Mexico who were apparently unassuming of the ancient terms and correct botanical usage [7], but according to Sosa-Baldivia et al. [32], there is no scientific evidence to support this hypothesis. Regarding amaranth as an aside, in the Codex of Mendoza [25], there is indication that the Spanish knew quite well of this plant and its uses, and so this ancient grain and leafy green vegetable species and the other amaranth plants were in Spanish language terms collectively called Bledo (pig weed). Therefore, it becomes clear that the Spanish way of thinking on the epistemology of deriving nomenclature of crops was to consider a single name for a collective range of crops or plants that could be grouped together using a particular inherent characteristic and/or usage for large-scale production. On the other hand, but in a similar matter to the amaranth was plantago (also called psyllium or zaragatona). The Spaniards also had this plant well-differentiated from the others, and so they called it zaragatona [34,38,40,41]. The incorrect use of the term chia for plantago was perhaps initiated after its inclusion into the 1832 edition of the Spanish dictionary [21]. Definitive proof of this claim is made in the description that Cobo [45], made about the chia plant, in which he describes in writing that the Mexicans consumed the vegetative tissues and that the floral inflorescence is like the inflorescence of the ancient grain quinoa (Chenopodium quinoa Willd.), and surprisingly used the sesame seed to describe chia seed even though the latter is smaller than the former. From this also, it becomes clearer that Cobo had also confused the chia plant with the huauzontle plant (Chenopodium nuttalliae); which is consumed only as a fresh staple and its mature plant structure and seed are like quinoa. Thereby, this is the reason today that both huauzontle and quinoa are classified as species within the Chenopodium genus. The term chia was not only used for different species within the Salvia genus, but also with two other non-related plants chan, amaranth and plantago. In summary, the use of “chia” for multiple, different plant species added to the confusion that remained the crux of contention on the exact scientific and common nomenclature for more than 400 years.

			Salvia chia Fern. is chia that Originated in Mexico

			Once the common word Chia was annexed to the Spanish dictionary its public acceptance had already been widely disseminated. However, since the mid-18th century this was not the case for its Latin binomial name as each new binomial assignment came present caused a lot of controversy. Considering the possibility that the binomial name assigned by Linnaeus in [9] was wrong, Pablo de la Llave [19], proposed to change it to Salvia chian; and even considered an alternative species name to highlight further its Mexican origin as S. nezahualia [34]. Nevertheless, the Salvia chian name had already taken place and more so had already been accepted and used by researchers of the time [34,46]. Chia’s long naming history continued well into the beginning of the 20th century when Fernald presumed accurately, and so assigned its species name as chia, to indicate this Salvia crop is native to southern Mexico. In a related manner, this new scientific assignment (Salvia chia) correlated to the geo-origination research work done by Vavilov [47]. Although, any international effort to officially change chia’s species name during the next decade to something other than hispanica did not reach popular consensus among the scientific community.

			Salba, a Novel Common Name for chia Assigned by the Peruvian Agrisalba SA Company

			The drastic reduction of the Mexican population caused by the dominating Spanish military coincided with the near-extension of chia as a lesser staple food [8]. After the Mexican population rebounded in size chia unfortunately did not recover its status as a mere secondary ingredient in food or downstream processing and manufacturing in Mesoamerica. Notably, according to Small [30], around the mid-19th century chia had become an exotic seed; used only to make a refreshing drink, and its pressed seed oil was again used as a type of paint solvent to be able to colorfully decorate artisan handcrafts and moreover, making terracotta pottery and figurines such as the popular Chia pets in America and globally since the late-1970s. From 1893, chia started to resurge as a main staple crop such that by 1932 (a year after Vavilov published his work) the Ministry of Agriculture in Mexico reported a cultivation size of 38 hectares [48]. It is quite easy to assume that if all the misleading information on the scientific name had not happened, and alternatively scientific investigations on chia advanced further along with other crops like corn, bean and tomato such that the government and scientific community had knowledge of the nutritional value of the polyunsaturated fatty acids like Omega-3 (found in chia) has on the human diet, indeed, chia would have been grown on a much larger scale, and heavily invested in production and modern agricultural technologies then, as it is today [33]. Global-scale chia production was not fully integrated into the modern era and non-Mexican societies until circa 1991, through an international project known as the ¨Northwestern Project¨ supported by the United States of America to help Argentina’s low GDP-contributing agricultural sector [7]. The implementation of the agricultural technology generated through this long-term project had great impacts on the status quo of chia internationally as a crop of México.

			While Mexico was the lead chia producing country prior to 1990 by 1992 only 500 hectares of chia were being produced [33]. Nearly two decades later by 2014 the chia production area had soared to 370,000 hectares [49], and according the Purechia [50], currently, this seed for oil and nutrition-valued crop is cultivated in 33 countries (Figure 1). A key fact that promoted chia consumption globally was Agrisalba SA’s marketing strategy that it had implemented in 2006. It is important to note that this Peru-based company not only patented their own white chia seed varieties (Sahi Alba 911, and Sahi Alba 912), but also claimed that their white seed contains a higher nutritional value than the black chia seed produced from the Mexican cultivars “Pinta Acatic” and “Black Puebla” [32]. They even went as far as to introduce ‘Salba’ publicly as a new common name for their white chia seed [51]. However, Sosa-Baldivia et al. [8], affirmed that the marketing strategy used by Agrisalba SA has no scientific support because the results on the comparison of the nutritional profiles of both phenotypes does not support a higher nutritional superiority in Salba versus black chia [10,52-54].

			[image: ]

			Salvia mexicana is the Currently (2012-Present) Accepted Binomial Name for Chia 

			The chia crop had adopted several names during the past 500 years, and most of these names can be traced back in history through literature, as described above. Finally, a significant event in the history of chia was the favorable decision to restore its Mexican identity, and is currently upheld by several international agencies, societies, botanical gardens and seed repositories specializing in plant botany, taxonomy and research [22,55-57]. For this reason, since March 23, 2012, Salvia mexicana was made the official scientific name, and acknowledged its geographical origin to present day Mexico. Since then, renowned herbariums around the world have already implemented this new nomenclature. For example, the change taking place at the Missouri Botanical Garden [56], one of the largest botanical gardens in the world, has corrected all records related with the chia plant, and even the Salvia hispanica Linnaeus nomenclature. This change in the standard nomenclature for chia coincided with the change for tomato also made by the scientific community (ca. April 18, 2012) to accept Solanum lycopersicum that Linnaeus had assigned to it in [9], effectively replacing the Latin binomial Lycopersicum esculentum denoted by Phillip Miller in 1768, as the official scientific name [56]. However, unlike for S. mexicana the use of the scientific binomial for tomato was immediate, and readily implemented in newly published scientific research papers [58-63]. This immediate acceptance and use could be due to tomato as a designated and well-accepted plant research model crop like Arabidopsis. However, all research papers on chia published in many different international journals after the official acceptance of S. mexicana [10-12,33,64,65], did not fully implement the newly designated scientific name. Considering this important point, this review can be used as a source of information to reiterate to the scientific community and researchers studying or including chia in their studies that Salvia mexicana is the internationally-accepted scientific binomial name for all chia. After 265 years of Mexican heritage misunderstandings and misinformation in the botanical history of this ancestral food crop and ancient grain has endured many an adversity to finally bear its true name as “A Mexican plant to cure or save” [66-70] (Table 2).

			Table 2: Historical timeline, nomenclature and antecedent on the common and scientific annotation changes of the Chia plant.

			
				
					
					
					
					
				
				
					
							
							Period

						
							
							Nomenclature

						
							
							Antecedent

						
							
							Source

						
					

					
							
							Before 1550

						
							
							Chian

						
							
							In pre-Hispanic times, the chia was known as chian, after the Spaniards conquered Mexico, they continued to use this term to refer to this specie.

						
							
							Mendoza [25]

						
					

					
							
							1551-1698

						
							
							Chian

						
							
							According to the published literature, while being colonized by Spain, chian continued to be used to refer to the Mexican chia variety.

						
							
							Hernandez [27]; Farfan [26]; Vetancourt [28]

						
					

					
							
							1753-Present

						
							
							Salvia hispanica L.

						
							
							In 1753, Carlos Linnaeus named chia using the scientific nomenclature (Latin binomial) Salvia hispanica. This name still is widely-accepted and used among the scientific community during this period.

						
							
							Linnaeus [9]

						
					

					
							
							1832-Present

						
							
							Chia

						
							
							Since 1784, some authors began to use the term chia instead of chian. In 1832, the Spanish language dictionary used the colloquial word Chia to replace the fading Chian word. Chia is the common name of S. hispanica during this period.

						
							
							Quer & Gomez [42]; Gilii & Xuarez [35]; Haugen [21]

						
					

					
							
							1832-1887

						
							
							Salvia chian Ll.

						
							
							Taking into account that the Mexican chia plant cannot adapt to Spain’s climate and so cannot survive, Pablo de la Llave surmised that it was a novel species of chia, and so he called it Salvia chian.

						
							
							De la Llave [19]; Urbina [34]

						
					

					
							
							1900-1931

						
							
							Salvia chia Fer.

						
							
							At the turn of the 20th century, botanist Merritt L. Fernald renamed this chia specie S. chia, perhaps making it in-line with the modern Mexican dialect. Then, Nicolas I. Vavilov solidified the use of S. chia to refer to the Mexican native chia specie which he demonstrated had ancestral ties to the overlapping region between present Mexico and Guatemala, and so is the center of origin this chia species.

						
							
							Fernald [20]; Vavilov [47]

						
					

					
							
							2006-Present

						
							
							Salba

						
							
							In 2006, selection of white chia seed produced from the Mexican chia variety Pinta Acatic by the natural ingredient company Agrisalba S.A. were named and patented as ‘Sahi Alba 911’ and ‘Sahi Alba 912’; and, widely-marketed chia as ‘Salba’.

						
							
							Vuskan et al. [51]; Salba [70]

						
					

					
							
							2012-Present

						
							
							Salvia mexicana L

						
							
							As of March 23, 2012, Salvia mexicana replaced Salvia hispanica L. as the scientific binomial name; instituted by the International Plant Name Index (INPI) and assigned to all Mexican chia plants produced globally.

						
							
							IPNI [22]
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Figure 1: Historical widespread of chia crop around the world. The agricultural areas shaded in green, blue, yellow and red represent the area o
chia cultivated on Early pre-Columbian times (3500 BC-1000 AC); Late pre-Columbian times (1000AC-1500 AC); Post Columbian times (1500
AC- 2000 AC); and Modern times (2010-present), respectively.
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