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Ancient Maya Land Use in Northern Quintana Roo, Mexico 

 
 

by 
 
 

Daniel Ian Leonard 
 
 

Doctor of Philosophy, Graduate Program in Anthropology 
University of California, Riverside, August 2013 

Dr. Scott L. Fedick, Chairperson 
 
 
 

 This dissertation focuses on a little-explored system of freshwater wetlands in the 

northeastern Yucatán Peninsula of Mexico.  Previous archaeological research at one 

wetland in the Yalahau region found evidence for manipulation in the form of 

constructed rock alignments, which likely functioned as dikes and dams to control soil 

and water for food production.  There are 175 wetlands in the Yalahau region, therefore 

the goal of the regional survey was to assess the extent of wetland manipulation, and 

correlate this manipulation with wetland environmental variables such as vegetation, 

topography, soil type, and flood regime.  A sample of 25 wetlands was selected for 

survey.  Fieldwork involved vegetation mapping, rock alignment mapping, plant 

collections, topographic transects, installation of water loggers, and extraction of soil 

cores.  Using these data, I evaluate hypotheses regarding patterns in the distribution of 

alignments, chronology of wetland use, and relationship between developed wetlands and 
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nearby ancient sites.  My research shows that wetland manipulation with rock alignments 

was widespread in the Yalahau region, and that the Maya tended to build rock alignments 

in very particular physiographic contexts.  This project provides a basis for future 

investigations into rock alignment function and how the Maya adapted to changing 

environmental conditions in the wetlands.   
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CHAPTER 1 : INTRODUCTION AND BACKGROUND 

 

Introduction 

 Wetlands represent some of the most biologically productive and diverse 

ecosystems on the planet.  They are important for the survival of myriad species of birds, 

fish, and reptiles, and play a key role in water purification and hurricane protection on the 

coast (Ellison 2004).  In the tropical lowlands of southeast Mexico and Central America, 

wetlands range from coastal mangroves and estuaries to seasonally flooded karstic 

hardwood swamps and permanently flooded sedge marshes connected to rivers in the 

coastal plains (Olmstead 1993).  For the above-mentioned reasons, wetlands have 

attracted Maya people for millennia.  They exploited wetlands along the coast for fishing, 

salt production, and as trade ports; inland for muck-harvesting, fishing, hunting, and 

farming.  The prehispanic exploitation of wetlands for farming has been a topic of great 

interest in Mesoamerica because of the possibility of food production.  This focus came 

together starting in the 1960s with the discovery of enthonihstoric records of the famous 

chinampas of the Aztecs, and the identification of rectilinear patterns in wetlands in 

Campeche and Belize (see review by Beach et al. 2009).   

 This dissertation concerns a little-explored system of wetlands in the northeast 

Yucatán Peninsula of Mexico (Figure 1.1).  The current evidence suggests different 

environmental conditions and forms of manipulation than other wetlands farmed by the 

ancient Maya.  There are 175 wetlands in the region, therefore, the goal of the regional 

survey is to assess the extent of wetland manipulation, and correlate this manipulation  
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Figure 1.1.  Location of the Yalahau Region (map by Scott Fedick). 
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with wetland environmental variables such as vegetation, topography, and soil type and 

depth.  I will address questions about differences in the wetland system, how use-history 

of these wetlands differs from other Maya areas, and how these differences, as well as 

environmental change, provide insight into Maya adaptation and resilience.  

 

Maya Wetland Agriculture and Environmental Change 

 The ancient Maya agrarian system was a sophisticated blend of 

technological/engineering skills and sensitivity to ecological diversity.  By mimicking the 

diversity and dispersion of the natural forest (Wiseman 1978), Maya farmers adapted to a 

mosaic of neotropical environments with varying potentials and limitations for land use 

and food production (Fedick, ed. 1996; Flannery 1982; Gómez-Pompa et al. 2003; Pohl 

1985; Harrison and Turner 1978).  They were also confronted with both short and long 

term environmental change as well as their own destructive impacts on the landscape.  

The Maya built terraces to conserve soil on hill slopes, and excavated canals to drain and 

farm in wetlands.  They farmed well-drained land in the swidden style, planted gardens 

and orchards near their homes, and practiced silviculture (reviewed in Dunning and 

Beach 2010, Fedick 1996, and Whitmore and Turner 2001).  Studies have considered 

how agricultural technologies were adapted to changing climate and resource availability, 

and shifts in cultural preferences and politics, as well as to Maya impacts on the 

environment (Batun Alpuche 2009; Dunning and Beach 2010; Hodell et al. 2007).  While 

environmental management mistakes were certainly made, the Maya agrarian system in 
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general allowed them to successfully manage a fragile tropical forest ecosystem for 

nearly three millennia (Table 1.1). 

 Wetland farming is an important form of Maya agriculture because it demanded a 

large labor investment to develop flooded terrain and required continuous adaptation to 

environmental change (sea level change and consequent water table change; Beach et al. 

2009:1710).  Additionally, wetland farming offered the opportunity for year-round 

cultivation making use of a constant water supply.  Evidence for ancient Maya use of 

wetlands was first identified in the late 1960s (Siemens and Puleston 1972).  This 

discovery was part of a general push at the time to identify more productive forms of 

ancient subsistence.   

 This chapter begins with a review of the history of investigation of Maya 

wetlands, considering the geographic extent of these systems, the construction/formation 

and function of wetland features, and the chronology of wetland farming.  This will be 

followed by a discussion of environmental change in the Maya lowlands as reconstructed 

from lake cores and geoarchaeological data.  Next, the natural and archaeological history 

of the Yalahau region, where the current study is situated, will be reviewed.  Finally, 

resilience theory will be discussed, and the chapter concludes with research questions and 

hypotheses.   

 

Background to Wetland Research 

Prior to the 1970s, our understanding of ancient Maya agriculture, land use, and 

social development was dominated by the swidden thesis (Fedick 1996; Turner 1978).   
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Table 1.1.  Precolumbian Maya chronological periods (after Demarest 2004). 
 

Archaic 7000-2000 B.C. 
Early Preclassic 2000-1000 B.C. 
Middle Preclassic 1000-400 B.C. 
Late Preclassic 400 B.C. - A.D. 300 
Classic A.D. 300-900 
Terminal Classic A.D. 800-1000 
Postclassic A.D. 900/1000-1542 
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The swidden thesis was based on Colonial period ethnohistoric accounts (e.g., that of 

Diego de Landa [Tozzer [1941]), most of which were written decades after the conquest.  

Maya people had abandoned or been driven from their cities, their populations had been 

decimated by disease and war, and they had been resettled into small, manageable 

communities.  In other words, the traditional Maya settlement pattern, population density, 

and agrarian system had been turned inside out.  Farmers reverted to the most logical 

farming technique given the small populations and ample land: long-fallow slash and 

burn.  Slash and burn involves a farmer cutting and then burning a plot of land (usually 

about four ha), farming it for a few years until crop productivity declines, then leaving it 

fallow for up to 20 years before returning to farm the same plot.  This means the farmer 

rotates between five, four ha plots.  Thus, only four of 20 ha (or 20 percent of arable 

land) can ever be under cultivation simultaneously.  Such an extensive system produces a 

relatively small amount of food per area of land and is only able to support about 77 

persons/km2 (Cowgill 1962; Reina 1967).  Additionally, based on USDA tropical soil 

ratings, soils in the Maya area were considered to be uniformly thin, nutrient-poor, and 

suitable only for extensive farming systems such as slash-and-burn (e.g., Meggars 1954; 

see Fedick 2003 for discussion).  This characterization of Maya agriculture was adopted 

by Maya archaeologists and projected into prehispanic times (e.g., Morely 1946).  Thus, 

it was assumed that the majority of ancient Maya people lived in small, dispersed farming 

communities, practiced swidden farming, and occasionally visited their “vacant” 

ceremonial centers.   
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The Tikal project, which recorded high concentrations of residential structures in 

and around Maya ceremonial centers, provided some of the earliest clear evidence that 

ancient Maya population levels were much higher than previously thought (see Fedick 

1996, Hammond 1978, and Turner 1978 for review).  It followed from this that swidden 

could not have supported such populations and that the Maya must have practiced 

alternative, more productive techniques (Ashmore 2007; Ashmore and Willey 1981).  

Archaeologists began investigating subsistence alternatives to maize including root crops 

(Bronson 1966) and tree crops (Puleston 1968, 1982), and aerial reconnaissance revealed 

promising evidence, in the form of relic terrace systems and wetland fields, for large-

scale intensive agriculture (Siemens and Puleston 1972; Turner 1974; see also earlier 

reports by Blom 1946, Ricketson and Ricketson 1937, and Ruppert and Dennison 1943).  

Since this time, survey and excavation programs (e.g., Pohl, ed. 1990; Turner and 

Harrison, ed. 1983) have explored wetland features in order to understand their 

construction, function, and general importance to Maya subsistence and social 

development.  While some of these issues have been resolved, many others are still under 

debate and require re-analysis and further investigation.   

 

Debating the Importance of Ancient Maya Wetland Agriculture 

 In the southern Maya lowlands, an estimated 40 percent of the land area can be 

classified as wetlands (Adams 1980; Figure 1.2).  Pope and Dahlin (1989:91) describe 

three types of wetland environments relevant to the investigation of ancient Maya 

agriculture: 1) perennial swamps associated with karstic rivers, 2) perennial swamps  
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Figure 1.2.  Map of the Maya lowlands showing the distribution of wetlands (after Kunen 
2004:Figure 1.2).   
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associated with depressions with a near-surface water table, and 3) seasonal swamps 

associated with depressions with a seasonally perched water table (bajos).  The 

differences between these wetlands, primarily based on soil moisture regime (hydrology), 

are important to our current understanding of the distribution of wetland field features.  

The following review will begin with bajos in the interior of the Yucatán Peninsula, and 

then will discuss the perennial wetlands of the coastal plain.  The review of the wetland 

debate focuses on three main points, laid out by Fedick and Ford (1990): 1) geographic 

extent of wetland manipulation, 2) formation and function of wetland features, and 3) 

chronology and placement of wetland manipulation in the sequence of Maya agricultural 

and social development.  

 

Bajo Investigations 
 

In an effort to identify a widespread form of intensive cultivation, Adams (1980) 

used airborne Synthetic Aperture Radar (SAR) imagery of the southern Maya Lowlands 

(northern Belize and most of the Petén) to search for wetland canal networks.  Some of 

the largest Maya sites – Tikal, Calakmul, El Mirador, Naranjo – were built on the edge of 

swamps, and Adams (1980) believed it was because these swamps were highly 

productive agricultural resources.  In addition to non-archaeological features such as 

modern logging roads and bedrock fractures, the SAR data revealed grid lines or lattice 

patterns, believed to represent canals and raised fields, associated with known wetland 

areas along the New and Hondo Rivers in Belize, in bajos adjacent to Tikal and El 

Mirador, and in the Petexbatun region (Adams et al. 1981).  At a scale of 1:250,000, the 
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SAR imagery offered little detail and only identified the largest canals, but it matched 

more detailed aerial photography of canal networks and correlated positively with known 

swamps and waterways.  Ground verification of SAR-identified canal networks met with 

the most success at northern Belize sites including Cerros, Pulltrouser Swamp, Albion 

Island, and Nohmul.  Less convincing evidence was found near the sites of Tikal, Seibal, 

and Aguateca (see Puleston 1977:454).  Nevertheless, the authors assert that the vast 

swamp network surrounding Tikal showed the greatest density of canals.  Despite the 

tenuous data, Adams et al. (1981) felt something was needed to explain the subsistence 

base that supported Late Classic rural population densities of 180 persons/km2 (Culbert 

and Rice 1990).  The association of so many lowland sites with wetlands, combined with 

the estimate that intensive wetland agriculture could support 1000 persons/km2, indicated 

that the Petén bajos must have played a key role in Maya subsistence (Adams 1980; 

Adams et al. 1981).  

Pope and Dahlin (1989) reanalyzed the SAR data collected by Adams et al. 

(1981) and incorporated Landsat TM imagery into an updated remote sensing study of 

the distribution of wetland canals.  They corroborated the SAR and aerial photograph 

evidence for canals in northern Belize, but noted that the radar lattice patterns did not line 

up with actual canal lattices mapped on the ground.  The SAR image resolution was too 

low to detect the small ground-mapped canal lattices (although larger canals were easily 

identified in aerial photographs and Landsat imagery).  Pope and Dahlin (1989) found 

that many SAR-detected canals, supposedly overlapping known wetland areas, appeared 

in upland areas and even the ocean.  As for the seasonal swamps of the Petén, Pope and 
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Dahlin (1989) reviewed Landsat TM imagery and found no evidence for canals.  They 

concluded that wetland canals are limited to the perennially wet swamps and floodplains 

on northern Belize and Campeche.  Vertic soils and unstable hydrology made seasonal 

swamps unsuitable for cultivation, and soil test pits conducted by the authors at El 

Mirador yielded no indication that bajos were ever perennially wet (cf. Harrison 1977).  

Finally, in reponse to the suggesttion that bajo canals exist but have been buried by 

sedimentation, Pope and Dahlin (1989) argue that quarries at El Mirador, similar in size 

to the Belize canals, have partly silted in but are still visible on the ground and from the 

air.   

 Since Adams et al.’s (1981) provocative article arguing that seasonal swamps 

were highly productive agricultural resources that fueled Classic Maya population growth 

and socio-political development, numerous researchers have investigated bajos and 

associated settlements in an attempt to understand how these resources may have been 

used by the ancient Maya (Beach et al. 2006; Culbert et al. 1990; Dunning et al. 2002; 

Gunn, Folan, Foss, Domínguez Carrasco, and Faust 2002; Hansen et al. 2002; Kunen 

2004; Kunen et al. 2000).  Bajos are typically found at elevations above 80 m asl and are 

most abundant in the northern Petén of Guatemala.  Bajos are shallow karst depressions 

that today flood for several months and then are completely dry for the rest of the year.  

The most common bajo soil types are heavy clay Vertisols, which have dramatic shrink-

swell cycles and pose significant obstacles to agriculture (Dunning et al. 2006; Fedick 

and Ford 1990).  The bajo research problem can be summed up as follows: why do we 

find such dense ancient settlement in areas that are so inhospitable and agriculturally 
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marginal today?  To explain this relationship, scholars have suggested that bajos used to 

be lakes, or perennial wetlands, or are more diverse and productive than we think, or that 

human engineering made them productive (Dunning et al. 2006).  Despite Adams et al.’s 

(1981) contention, evidence for bajo agriculture, such as raised fields, has not been 

forthcoming, and researchers have largely focused on paleoenvironemtal evidence from 

soils and lake sediments to understand the resource value of bajos.   

 Research at Calakmul (Gunn, Folan, Foss, Domínguez Carrasco, and Faust 2002) 

has focused on chemical and geomorphological analyses of soil from four cores inside 

and at the edges of Bajo Laberinto and Bajo Ramonal.  They found that the natural bajo 

soil, which had been accumulating since the last major erosional episode sometime in the 

mid-Holocene, was too salty for planting or for water storage.  Thus the Middle 

Preclassic and Late Preclassic inhabitants restricted their land use to the uplands.  

However, upland tree-clearing and agriculture apparently resulted in calcium-sulfur 

sediments washing into the bajo and burying the salty soil.  Afterwards, the bajo became 

usable, and people built reservoirs and raised beds for planting.  Gunn, Folan, Foss, 

Domínguez Carrasco, and Faust (2002) argue that this expanded water-storage system 

contributed to large population growth and development of political power of Calakmul 

in the Late Classic period.  Reduced precipitation levels in the ninth century, however, 

disrupted the Calakmul hydrological system and led to decline of the city (Gunn and 

Folan 2000).   

Interestingly, an opposite situation seems to have happened in the Mirador Basin, 

where human-induced erosion and bajo infilling jeopardized the agricultural system and 
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led to large-scale depopulation prior to the Early Classic period.  Hansen and colleagues 

(2002) discuss Preclassic settlement and cultural developments at numerous major sites 

in the basin, which was occupied beginning around 1000 B.C.  It seems the Maya 

specifically avoided several permanent lakes on the west edge in order to settle around 

the abundant bajos in the interior of the Mirador Basin. They believe that the small 

modern civales (marshlands often with a water hole) were much more extensive in the 

past and would have offered a variety of wildlife as well as organic soils. Aguada 

sediment core data and soil test pits indicate that the bajos used to be civales.  An 

organic-rich soil A horizon, formed in a wet environment, was found buried beneath 

modern bajo clays; grass pollen and phytoliths also came from these organic soil levels, 

indicating marsh rather than forest.  In a garden terrace south of Nakbe, the authors found 

large quantities of soil which match the buried A-horizon in color and texture, as well as 

in the presence of cival-related pollen and phytoliths.  This is taken as evidence for 

transport of soils from bajos to upland gardens and fields (see also evidence at Caracol in 

Chase and Chase [1998:69]).  In many cases it is possible to see multiple soil addition 

episodes, suggesting this agricultural system was stable for quite some time.  However, 

the largest Mirador Basin settlements, including Nakbe and El Mirador, were abandoned 

by the end of the Late Preclassic.  Hansen et al. (2002) believe bajo infilling, caused by 

erosion from cutting upland trees for stucco production, buried or altered the fertile bajo 

mucks and ruined the ability of the Maya to replenish their upland gardens.  Some kind of 

climatic stress likely exacerbated the situation - possibly prolonged drought but more 

likely excess rainfall, moisture, or hurricane activity from the fifth through the first 
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century B.C.  In any case, Hansen et al. (2002) believe ecological upset is a much better 

explanation for the Mirador abandonment than war or political turmoil.  

  Research in the Bajo La Justa, a 150 km2 area between Yaxha and Nakum, found 

three pieces of evidence relating to bajo use by the Maya (Culbert 2001).  First, 

vegetation transects revealed that palm bajo vegetation, which local farmers recognize as 

well-drained and suitable for agriculture, is much more extensive in bajos than previously 

thought (e.g., by Lundell 1937). This speaks to the previously ambiguous agricultural 

potential of bajos.  An important point, echoed by Dunning and colleagues (2006), is that 

bajo vegetation, soil moisture, and agricultural productivity is not homogenous, even 

within a single bajo.  Contrary to Pope and Dahlin (1989), Kunen (2000) thinks palm 

bajo soils were not subject to extreme wet and dry cycles and thus could have been 

cultivated (see Fedick and Ford 1990).  Second, nearly every bajo island (identified in 

satellite imagery as topographic high areas supporting patches of tall forest) yielded 

settlement.  These sites come in various sizes and they are found within the actual bajo 

(above the flood zone though), not on the edges as Yaxha and Nakum are. Ceramic 

chronologies indicate these bajo communities were long term settlements, lasting 

hundreds of years and covering all Maya periods from the Late Preclassic to the Terminal 

Classic.  This suggests that the La Justa bajo communities were not a short-term result of 

a local population explosion, nor were they a result of Late Classic populations pushing 

people into marginal environments (cf. Fedick 1995; Fedick and Ford 1990).  Third, 

excavations of several long linear features and undulations revealed two small channels, 

cut into sascab (decomposed limestone bedrock), that may have been used for irrigation 
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or drainage.  This is direct evidence of bajo modification, but may or may not relate to 

agriculture (Culbert 2001; Culbert et al. 1996, 1997; Kunen 2000).  The authors believe 

sites in such close proximity to bajos are a strong indication of bajo use.  Furthermore, 

the smaller sites within the bajo, the medium-sized center of Poza Maya, and the large 

centers of Yaxha and Nakum located on the bajo perimeter may represent an economic 

hierarchy exploiting bajo resources.  Culbert et al. (1996, 1997) and Kunen (2000) 

conclude that bajos were in fact utilized and were an important and attractive resource 

throughout Maya history.   

 Kunen (2004) continued to study settlement and land use in the Far West Bajo in 

northwest Belize.  She identified three landscape zones: a residential zone (on flat top 

hills), an agricultural zone (on gentle slopes descending into bajos, where she found more 

than 60 terraces and more than 100 field walls), and a resource-extractive zone 

(seasonally wet part of the bajo where water, soil, chert, etc. would be procured).  

Seventy percent of house mounds at the three sites she studied in the Far West Bajo date 

to the Late Classic period.  Many agricultural features are Late Classic as well, but some 

are earlier.  Kunen (2006) stresses the importance of dating agricultural features in order 

to determine if intensive farming developed gradually or if residents adopted it rapidly.  

Paleoecological data indicates the Far West Bajo was once perennially wet, then filled in 

from sedimentation (Dunning et al. 2002). She suggests terracing began by the Early 

Classic, in response to local production needs, and was organized by groups of 

agricultural specialists within the community.  Terracing took advantage of deep colluvial 

soils that had eroded from earlier swidden farming uphill, and berms were used to 
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manage surface drainage.  The labor required to build terraced planting surfaces could 

only be justified by continuous cultivation of these surfaces.  Additionally, the retaining 

walls of terraced fields that were allowed to fallow would be susceptible to damage from 

tree roots.  She mentions some evidence that bajo mucks were transported to terraced 

fields, similar to findings at Nakbe (Hansen et al. 2002) and Caracol (Chase and Chase 

1998).  It is interesting that, despite human-induced erosional infilling of perennial wet 

bajos and disruption of the mucking operation, agricultural strategies adapted and 

evolved at the Far West Bajo, but at Nakbe they apparently did not.   

At Rio Azul, Culbert and others (1990) report on several small canals identified in 

a strip of escoba bajo located 1 km northeast of Rio Azul and adjacent to the smaller site 

of El Pedernal.  The canals had a somewhat ephemeral surface expression, in the form of 

linear depressions typically less than 30 cm deep.  This strip of bajo drains southward 

into the Azul River which is 1.6 km away.  A 100-m long backhoe trench uncovered five 

canals, which the Maya had dug to a depth of 1.5 m below the modern surface, 

penetrating the sascab beneath the bajo soils.  The canals run parallel to the direction of 

drainage and have a 2 percent slope.  Soil stratigraphy indicates that the areas between 

these canals were not built up, and that the bajo surface here was relatively unmodified.  

Culbert et al. (1990) interpret these canals as part of a small drained field system 

designed to protect a late dry season (marceno) crop from the potential early onset of 

wet-season rains and consequent bajo flooding (but see Pope and Dahlin’s [1993] 

argument that these “canals” are natural erosion gullies).  This is a new functional 

interpretation of drained fields, but it seems these canals still could have served to hasten 
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drainage of floodwaters at the end of the rainy season, as Pohl (ed. 1990) suggests for 

Albion Island.  In any case, the authors argue that these drained bajo fields would have 

allowed for two dry-season crops.   

 Dunning, Beach and their colleagues have carried out an impressive number of 

bajo investigations, studying geoarchaeology and soils to reconstruct environmental and 

cultural history in and around these seasonal swamps.  Dunning et al. (2006) recently 

synthesized data from their and others’ excavations to create a general timeline of interior 

bajo formation, use, and abandonment from the late Pleistocene to the Terminal Classic.  

They found that the Far West, Gujaral, La Justa, and Nakbe bajos were perennial 

wetlands, likely supporting many plants and animals as well as freshwater and organic 

soils for fertilizer.  The Dumbbell Bajo probably was not a wetland, due to faulting, and 

Bajo Laberinto was too saline to be useful until the Maya-induced erosion filled it in.  

The perennially wet bajos all appear to have been transformed into seasonal swamps by 

human-induced infilling.  Hansen et al. (2002) think this led to abandonment at Nakbe, 

but at the other sites such as Calakmul and La Milpa (i.e. the Far West Bajo), the Maya 

adapted and took advantage of the situation by building bajo reservoirs or terraced fields 

to farm the colluvium.  Besides Nakbe, large populations continued to live near bajos 

throughout the Classic period, suggesting they must have still been productive (Dunning 

et al. 2006; Kunen 2004).   
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Geographic Extent of Wetland Manipulation 

 In 1972, Siemens and Puleston published the first data on channelized fields on 

the floodplain of the Candelaria River in Campeche, suggesting that the Maya had 

modified wetland areas for agricultural purposes.  Subsequent aerial reconnaissance and 

examination of photographs identified similar networks of canals and fields associated 

with the New and Hondo Rivers in northern Belize (Siemens 1978) and with the Bajo 

Morocoy and Bajo Acatuch in southern Quintana Roo (Harrison 1978; Turner 1974).  

Harrison (1978, 1990) estimated that the patterned ground in southern Quintana Roo 

covered 246 km2.  He also identified linear vegetation patterns in the bajos to the east and 

west of Tikal.  These patterns, however, were ephemeral, smaller in extent, and not 

visible on aerial photographs (Harrison 1977, 1978).   

Puleston (1977, 1978) was skeptical about the presence of canals in Petén bajos, 

and also suggested the non-floodplain wetland fields (e.g., Pulltrouser Swamp, Bajo 

Morocoy) may be natural gilgai features - hummocks or raised “puffs” of ground several 

meters in diameter and less than 50 cm tall - which can result from the shrinking and 

swelling of montmorillonitic clays (Beach et al. [2009] note that gilgai features do occur 

but have field areas much smaller than wetland fields reported in the literature).  More 

detailed studies of the verified patterned ground were required to better evaluate such 

concerns.  The Rio Hondo Project on Albion Island (Pohl, ed. 1990; Puleston 1978; 

Siemens 1982) and the Pulltrouser Swamp Project (Turner and Harrison, ed. 1983) 

represent the two major multidisciplinary wetland investigations of the 1980s and 1990s.  

Other studies of wetland field systems include Cerros (Scarborough 1983), Douglass 
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Swamp (Hammond et al. 1987; Pope, Pohl, and Jacob 1996), Lamanai (Lambert and 

Arnason 1983; Pyburn 2003) Cobweb Swamp (Jacob 1995), and Baking Pot (Conlin and 

Powis 2004) in Belize, and Bajo Morocoy (Gliessman et al. 1983) in southern Quintana 

Roo.  Pope and Dahlin (1989) make a strong case for a distribution of wetland fields 

limited to perennial swamps where minor water-level fluctuations allowed manipulation 

with canals.  In fact, with the possible exception of Rio Azul, extensive canal systems in 

bajos have never been identified.  Pope and Dahlin (1989) readily admit that bajos likely 

provided many valuable resources (e.g., pottery clay, timber, roof thatching, fruits and 

nuts, and water), but agricultural land was not one of them.   

 

Formation of Wetland Features 

 Pollen data and plant remains indicate that wetland field and canal systems were 

designed primarily for agricultural purposes, with aquaculture a likely secondary function 

(Pohl, ed. 1990; Pope and Dahlin 1990; Turner and Harrison, ed. 1983).  Additional 

questions revolve around whether fields were raised or drained, whether canals were 

meant to remove water or retain it, and when and for how long wetland field systems 

were in use.  There has been a longstanding debate between researchers working at 

Albion Island and Pulltrouser Swamp over the degree to which wetland planting 

platforms were raised above their original level by humans or by natural processes (see 

review of this debate in Beach et al. [2009:1715]).  This stems in part from Puleston’s 

(1978) gilgai hypothesis.  Puleston (1978) initially suggested that the fields at San 

Antonio on Albion Island were artificially raised.  Pohl (ed. 1990) was unable to confirm 
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this and maintains (Pohl and Bloom 1996) that the Albion fields were only ditched (i.e. 

canals were dug in the floodplain, but planting surfaces were left at their original height).  

Antoine et al. (1982) suggested that the raised aspect of platforms at Albion Island noted 

by Puleston (1978) were a result of natural rising of the land surface from sediment 

deposition (i.e. landscape aggradation) due to rising river and water table levels.  Turner 

and Harrison (1981, ed. 1983) describe the fields at Pulltrouser Swamp as including both 

channelized and raised surfaces (channelized at the wetland edge where water was lower, 

raised in center of the wetland where water level was higher).  Canals were excavated 

into the swamp floor and underlying sascab.  The excavated material was then used to 

build up raised platforms, which are typically found closer to the center of the depression 

where water was deeper (Turner and Harrison, ed. 1983; this model is based on 

chinampas).  The excavation data indicate that canals and platforms were human-made, 

not natural gilgai features as suggested by Puleston (1978).   

 Despite new soil analyses (Pope, Pohl, and Jacob 1996) suggesting a partially 

natural origin for the raised fields at Pulltrouser Swamp, Harrison (1996) maintains these 

fields were artificially built up by the Maya.  Planting platforms at Cerros (Scarborough 

1983) and Bajo Morocoy (Gleissman et al. 1983) have been described as raised based on 

soil profiles showing soil layers (that did not develop in situ) overlying the original 

surface of the wetland.  Fields at Lamanai (Lambert and Arnason 1983) and near Baking 

Pot (Conlin and Powis 2004) have been described as ditched.  Jacob (1995) suggests 

there were minor modifications to the planting surfaces in Cobweb Swamp, and as at 
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Pulltrouser Swamp, Hammond et al. (1987) note the presence of both raised and non-

raised platforms according to location within Douglass Swamp.   

 

Function of Wetland Features  

 The difference between raised and drained fields in terms of required labor seems 

negligible, unless one argues, as Scarborough (1983) and Puleston (1978) have, that soil 

was transported from areas outside the wetland for use in platform construction.  In all 

other cases, the major effort was canal excavation.  It seems logical that excavated canal 

sediment and subsequently dredged canal muck would have been piled atop the 

immediately adjacent platform, but it is also possible this same soil was carried out of the 

wetlands for use in residential or upland agricultural areas (see Conlin and Powis 2004; 

Hansen et al. 2002; Kunen 2004).  What are important are the hydrological implications 

of raised and drained fields.  Researchers such as Pohl (ed. 1990), who emphasize ditched 

or drained fields at Albion Island, are interested in flood-recessional agriculture in which 

crops are planted on the floodplain at the end of the rainy season when river water 

retreats.  The ditching Pohl discusses was not meant to store water year around, but to 

hasten the retreat of floodwater.  Similar flood recessional canal systems were likely in 

place on the Candelaria River (Siemens and Puleston 1972), on the Hondo River near 

Nohmul (Hammond et al. 1987), on the New River Lagoon near Lamanai (Lambert and 

Arnason 1983), and on the Western Lagoon near Chau Hiix (Pyburn 2003).   

 Those emphasizing raised fields, such as Turner and Harrison (ed. 1983) at 

Pulltrouser Swamp, suggest canals were designed not to remove water from the wetland 
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area, but to regulate water levels relative to planting platforms within the swamp.  

Although the New River apparently never flooded its banks to inundate Pulltrouser 

Swamp, high ground water levels maintained essentially permanent standing water in the 

swamp.  Turner and Harrison (1983, ed. 1983) liken the Pulltrouser fields to the Aztec 

chinampa system (Frederick 2007), but Siemens (1996) suggests permanent Maya 

swamps are lacking evidence for the damns and dikes necessary to truly control water 

levels.  Interestingly, although located in a floodplain, Pyburn (2003) has noted dams and 

dikes in and around the wetland fields at Chau Hiix, and evidence for sophisticated water 

control devices such as sluice gates and weirs has been recorded at other Maya sites 

(Scarborough and Gallopin 1991; Scarborough et al. 1995).  Scarborough (1983) 

describes the canal system at Cerros as a still-water system.  He states that it is an entirely 

rain-fed, human-made catchment in which rainwater is channeled into small canals 

surrounding raised platforms.  While a drained floodplain system may have been in place 

on the Rio Hondo near Nohmul, that same site was associated with both raised and 

drained fields in Douglass Swamp, which, being further from the river, may have a 

hydrologic regime similar to that of Pulltrouser Swamp (Hammond et al. 1987).   

 Finally, at Bajo Morocoy in southern Quintana Roo, Gliessman et al. (1983) 

surveyed 2,400 ha of a raised field system estimated (by aerial photography) to cover 

about 246 km2.  Despite being called a bajo and sitting at the low end of Dunning and 

colleagues’ (2006) elevation range (80-250 m asl) for bajos, Bajo Morocoy is different 

than closed depression seasonal swamps of the Petén because the water table there is only 

1.5 m below the canal floors.  Thus it is a bajo that is functioning more like a perennial 
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wetland (Beach et al. 2009).  There is still disagreement over whether Bajo Morocoy is a 

seasonal swamp like the Petén bajos, a perennial swamp, or something in between the 

two (Adams et al. 1990; Pope and Dahlin 1993).  While the swamp likely would not have 

retained standing water in the dry season, Gliessman and colleagues (1983) believe soils 

would have remained moist enough to allow for dry-season planting.  They suggest the 

Maya could have planted two wet-season crops on top of the platforms and one dry-

season crop inside the canals themselves during the dry season.   

 

Chronology of Wetland Features 

 Dating of agricultural features is notoriously difficult (Kunen 2004; Pohl 1990; 

Pope and Dahlin 1989).  Nevertheless, artifacts have been recovered from wetland field 

contexts, and this data, combined with chronological data from associated settlements, 

provides an estimate of when and for how long different wetland fields were in use. 

Based on radiocarbon dates from corn stems and a wooden stake found in floodplain peat 

deposits, Pohl et al. (1990) mark the beginnings of floodplain agriculture on Albion 

Island at about 1000 B.C.  However, they lack evidence for occupation at San Antonio 

prior to the Late Preclassic period.  Artifacts and soil stratigraphy indicate canals were 

dug on the floodplain during the Late Preclassic to mitigate the effects of a rising water 

table, but the wetland fields were drowned and subsequently abandoned for the duration 

of the Late Classic.  In the Terminal Classic and early Postclassic periods, Albion Island 

farmers renewed their ditching efforts and began farming the floodplain again.  At 

Pulltrouser Swamp, direct dating of the field system is based on a single radiocarbon date 
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(A.D. 150 ± 150) and a small quantity of ceramics representing the Late Preclassic 

through the Late Classic periods.  These dates correspond to the ceramic chronology of 

the adjacent site of Kokeal, which indicates settlement expansion in the Late Preclassic 

and the Late Classic.  The latest materials date to the Terminal Classic, when the authors 

believe the raised field system was abandoned.  One radiocarbon date of A.D. 229 was 

recovered by Siemens and Puleston (1972) from the Candelaria River canals, but the 

major occupation at the nearby site of El Tigre dates to A.D. 800-1200.  At Cerros 

(Scarborough 1983), excavations in several canals and raised fields yielded Late 

Preclassic material, and monumental construction at Cerros dates largely to the Late 

Preclassic as well.  Ceramic evidence dates the wetland fields near Lamanai to the Early 

Preclassic and Classic periods (Lambert et al. 1984).  According to settlement data close 

to the Western Lagoon, the wetland operation there began by the Early Classic and was 

abandoned in the Terminal Classic (Pyburn 2003).  Ceramics recovered from canals at 

the Bedran Group near Baking pot indicate the canal system was constructed around A.D. 

700 (Conlin and Powis 2004).  The Bajo Morocoy raised fields were tentatively dated to 

the Late Classic based on surface sherds from rubble structures within the bajo, although 

there was some possible Late Preclassic material (Gliessman et al. 1983; and see Nalda 

[2005] for Early Classic ceramic data).  Jacob (1995) states the canals at Cobweb Swamp 

were dug at least by the Early Classic, and wetland cultivation continued until the 

Postclassic despite evidence that Maya-induced erosion had filled in much of the swamp 

by the end of the Late Classic.  Finally, corresponding with the Late Classic florescence 

at Nohmul, Hammond et al. (1987) date associated wetland fields to A.D. 700-1000 
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based on excavations in two areas of Douglass Swamp.  Taken together, these dates 

represent a wide range of periods in Maya prehistory and indicate varying durations of 

wetland agricultural systems.  I discuss the implications of this dating in the following 

section.   

 

Placement of Wetland Manipulation in the Sequence of Maya Agricultural and Social 

Development 

 How should ancient Maya wetland farming be interpreted?  How difficult or 

rewarding was it compared to other intensive techniques?  Did wetland farming precede, 

follow, or exist simultaneously with dry land cultivation?  Should wetland farming even 

be considered intensive?  Up to the point that canals were excavated, it is not intensive.  

The simplest model would have the Maya doing flood-recessional or dry-season farming 

in wetlands, and wet-season farming in uplands.  Where changes are seen in agricultural 

techniques through time, what might the economic, social, political, or environmental 

reasons have been behind such changes?  Turner and Harrison (1983) estimate it would 

have taken 100 people about seven years to build the 311-ha wetland field system at 

Pulltrouser Swamp.  While wetland manipulation may have begun in the Late Preclassic, 

Turner and Harrison (1983) believe the Maya at that time would have focused mainly on 

extensive cultivation of uplands, in accordance with “the principal of least cost and 

effort” (Turner and Harrison 1983:255; but see Pohl's [ed. 1990] hypothesis that 

floodplain farming was the least cost solution).  Thus, they argue that wetland agriculture 
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at Pulltrouser Swamp was largely carried out in the Late Classic period in response to 

local or regional food production demands.   

 Construction and maintenance of wetland fields required a substantial labor 

investment, and the Maya would have built them in anticipation of more substantial or 

more frequent harvests (i.e. year-round cultivation).  Production estimates based on maize 

suggest the Pulltrouser Swamp wetland system could support approximately 3,500 people 

with one harvest and 5,200 people with two harvests (Turner and Harrison 1983).  

Maximum population at the adjacent site of Kokeal, assuming simultaneous occupation 

of all residences, would be close to 500 people.  Clearly the agricultural potential of the 

wetlands far exceeded the subsistence needs of Kokeal residents.  While surplus produce 

from Pulltrouser could have been traded long distances to places such as the Petén, it 

more likely played a role in the economic system associated with sites in the immediate 

vicinity of Pulltrouser Swamp (e.g., K’axob, Tibaat) and those within a 10 km radius 

(e.g., Cuello, Nohmul, and San Estevan; Harrison 1990, 1996; Turner and Harrison 

1983).   Others have made a similar case connecting wetland agriculture to surplus 

production.  According to Pyburn (2003), Chau Hiix seems to have had sufficient upland 

areas to support its population, even in the Classic period, without building a canal 

system in the Western Lagoon.  Indeed, she notes the presence of terraces on hills across 

the lagoon.  But Chau Hiix residents did develop the lagoon for wetland farming, 

effectively doubling their agricultural productive capacity, and Pyburn (2003) suggests 

Chau Hiix may have been supplying food to Lamanai or Altun Ha.  At the Bedran Group, 

2 km southwest of Baking Pot, the ditched field system covers about 64 ha and could 
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have supported an estimated 330 people with one maize crop.  This productive capability 

is significantly beyond the needs of the estimated 105 residents of Bedran.  Conlin and 

Powis (2004) speculate that surplus food was being sent from Bedran to Baking Pot for 

consumption or as tribute. At the same time these canals are built, one begins to see very 

elaborate burials and caches at Bedran mimicking those at Baking Pot and suggesting 

close ties with elites there.  Conlin and Powis (2004) believe economic integration led to 

social and ritual integration with Baking Pot.   

 Pohl’s (1990) interpretation of the Albion Island data leads her to conclude that 

wetland agriculture was an early development in northern Belize.  She argues that flood-

recessional farming along rivers such as the New and Hondo would have been an 

attractive option for the first Maya farmers: seasonal flooding would replenish soil 

nutrients and allow for continuous cultivation over many years.  Farmers would also 

avoid having to cut extensive tracts of forest for upland milpa agriculture.  Pollen 

analysis indicating forest clearance adjacent to the wetlands suggests the Maya were also 

farming uplands early on.  Pohl does not speculate whether floodplain farming definitely 

preceded upland farming, but only suggests that the combination of these two agricultural 

systems would maximize crop security (e.g., against droughts, plagues, hurricanes) by 

allowing year-round cultivation.  A rise in the water table beginning in the Late 

Preclassic led farmers to excavate ditches in their floodplain fields, and at this point 

wetland agriculture became labor-intensive.  Pohl (1990) believes such a labor 

investment demonstrates wetlands were extremely important to the Albion Island 

farmers.  Furthermore, she believes this labor investment would have tied farmers to their 
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land and made them more vulnerable to exploitation by elites.  Indeed, she suggests that 

intensive wetland agriculture in general, despite limited distribution, played an important 

role in evolution of Maya culture and social stratification, particular in northern Belize 

(Pohl 1990:422).  Aspiring elites developed patron-client relationships with farmers – 

elites extracted tribute in return for ritual and military protection of their commoner 

clients.  Elites increased their power by increasing the production of surplus in their 

clients’ fields.  Essentially, as the influx of surplus accelerated, elites were able to host 

larger competitive feasts, distribute more prestige goods and paraphernalia to allies, and 

demonstrate economic power to competitors.  This origin and growth of social power 

rested on a stable population base combining dry-season wetland cultivation with wet-

season upland cultivation (Pohl 1990).   

 Pohl (1990) criticizes Turner and Harrison (1983) for failing to acknowledge the 

importance of environmental change (specifically, water table rise) in the evolution of 

wetland agriculture.  Pohl (1990) argues that the same environmental sequence seen at 

San Antonio on Albion Island (water table rises, wetland fields become submerged and 

abandoned for the duration of the Late Classic, then the Maya return to re-ditch and farm 

them in Terminal Classic) was repeated at Pulltrouser, Douglass, and Cobweb Swamps 

(Pope, Pohl, and Jacob [1996] found paleosols at all these places buried 1 m below the 

modern water table).  If communities were so dependent on wetland surplus in northern 

Belize, and water table rise caused the abandonment of most northern Belize wetland 

systems in the Late Preclassic and Early Classic, one might expect to see a resultant 

abandonment of the communities associated with the wetlands as this agricultural base 
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dropped in the region.  Pohl (1990) suggests such a thing happened at Cerros, but this 

scenario apparently did not play out at other important sites such as Lamanai, Altun Ha, 

Cuello, K’axob, San Estevan, and Nohmul.  Pohl (1990) also criticizes Turner and 

Harrison (1983) for suggesting that wetlands were marginal habitats and were only 

developed out of necessity, as this challenges her idea of wetlands being attractive 

farming habitats.  However, the authors are talking about different wetland environments 

that would have required different labor investments.  The landscapes evolved slightly 

differently, had slightly different flood regimes, and thus required different treatments by 

the Maya.  Consider that a 30 cm difference in elevation between Albion Island and 

Pulltrouser, given the same water table elevation, could delay the need to excavate 

ditches by hundreds of years.   

  Researchers including Sanders (1979), Fedick and Ford (1990), and Johnston 

(2003) believe well-drained uplands represented the best agricultural resources and would 

have been cultivated first, and intensely cultivated first, before moving to more difficult 

environments like wetlands.  This line of reasoning does not deny the existence of 

wetland agriculture, but only suggests that wetland cultivation is not necessary, as Adams 

et al. (1981) argue, to explain how dense Maya populations supported themselves.  Pope 

and Dahlin (1989) think the development of wetland farming had less to do with 

population pressure and more to do with locally suitable hydrologic conditions.  In the 

end, Pohl (ed. 1990) and Turner and Harrison (ed. 1983) both have valid cases for the 

development of wetland farming.  There is no reason to insist that the sequence of 

agricultural development was the same at all wetland sites in northern Belize.   
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 Beach and colleagues (2008, 2009) have spent the last decade conducting 

multidisciplinary research on several wetland field complexes near Blue Creek in 

northwest Belize (Figure 1.3).  Geoarchaeological and paleoecological analyses have 

allowed them to reconstruct in great detail the evolution of these landscapes and Maya 

interaction with them through time.  Their research has clarified many of the unresolved 

issues from other wetland studies.  They have investigated two wetland complexes, Chan 

Cahal and Birds of Paradise, which are about 10 km away from one another yet have 

quite different histories.   

 At Chan Cahal, people were burning vegetation and farming maize and avocados 

at least by the Late Preclassic.  A paleosol dating to 4840-2100 calibrated years B.P. 

(2890-150 B.C.) was found at a depth of 1.30 m below surface, indicating the water table 

was at about 2 m below the modern surface at this time.  The landscape begins aggrading 

(increasing in elevation) due to water table rise and consequent sediment deposition, 

upland erosion, and a flood event (represented by a sand deposit).  The water table then 

rises to near the surface and deposits an O horizon (peat) which covers the paleosol.  The 

next stage is a 1 m aggradation by highly gypsic sediments from a depth of 1.30 to .66 m 

below surface.  This aggradation is due to water table rise and erosion from surrounding 

uplands.  The lower half of this layer is pure gypsum which likely formed subaqueously, 

while the upper gypsum layer has some organic matter, clay, and carbonates mixed in, 

suggesting it formed in a variably wet environment near the water table.  This gypsum 

layer dates 1880-1300 calibrated years B.P. (A.D. 70-650).  A faint paleosol near the top 

of this layer may be the Late Classic planting surface.  Subsequently, the Maya dug  
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Figure 1.3.  Wetland field complexes near Blue Creek, Belize: (a) Chan Cahal; (b) Birds 
of Paradise (after Luzzader-Beach et al. 2012:Figure 1). 
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ditches through the gypsum sediments.  The ditch fills date to 1080-940 calibrated years 

B.P. (A.D. 870-1010; Late Classic to Early Postclassic), so ditches must date to between  

A.D. 70-650 and A.D. 870-1010 , but artifacts are mostly Late Classic so the ditches are 

almost certainly Late Classic.  The faint Late Classic paleosol through which the ditches 

were dug provides the best evidence for agriculture: maize pollen increases, charcoal is 

most abundant, and both grass and tree species are present based on carbon isotopic data.  

At Chan Cahal, ditching appears to have been a piecemeal adaptation to ongoing water 

table rise in the Late Classic.  The water table first began to rise in the Late Preclassic, so 

it is interesting to consider why ditching did not take place until the Late Classic.  The 

authors do suggest that the focus of ditching may not have been to remove excess water, 

but to lower the water table so that rain water could leach gypsum out of the root zone in 

order to enhance growing conditions (gypsum in the root zone will limit maize growth; 

Beach et al. 2009).  

 The Birds of Paradise fields in the Blue Creek vicinity evolved over three more 

recent stages.  Stage one, dated to 1570-990 calibrated years B.P. (A.D. 380-960), is a 

rapidly aggrading floodplain from 2.30-1.30 m below surface.  This aggradation rate is 

three times that seen at Chan Cahal.  In stage two, aggradation slows, and a paleosol 

develops at a depth of 1.30-.90 m below surface.  Canals (up to 900 m long and generally 

running north-south and east-west) are excavated into this paleosol, which dates 1170-

860 calibrated years B.P. (A.D. 780-1090).  Ditch fills date to 960-750 calibrated years 

B.P. (A.D. 990-1200), thus the canal system must have been dug in the Late Classic to 

Early Postclassic.  Paleoecological data from the field and canal sediments indicate 
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mixed grass and tree vegetation with many fruit trees.  Compared to Chan Cahal, the 

ditching was large-scale and evidently pre-planned.  It is interesting that the Birds of 

Paradise fields were not occupied until the Classic period.  Perhaps with experience from 

Chan Cahal, the Maya came to Birds of Paradise in the Late Classic with a wetland field 

system in mind.  Nevertheless, the Birds of Paradise fields were abandoned after only a 

few hundred years, based on steady filling of the ditches starting as early as 960 

calibrated years B.P. (A.D. 990).  There is some evidence (based on vegetation change 

and a wooden artifact) for a brief Postclassic reoccupation, and the authors suggest the 

Birds of Paradise wetland may have been a refuge during the droughts at this time.   

 

Natural and Human-induced Environmental Change 

 Reconstructing the geologic history of the Yucatán Peninsula helps understand the 

processes that created the initial environmental conditions - the landforms, soils, and 

vegetation - in which Maya civilization developed (Graham 2003; Weidie 1985).  

Important features include formation of the Yucatán limestone platform and karst 

topography, relationship of the northern lowlands cenotes to the Chicxilub Impact Crater, 

subsequent climate trends favoring seasonally dry vegetation, and long term patters of 

cool/dry versus warm/moist, based on Milankovitch cycles and Heinrich events (Graham 

2003).  Climate in more recent history (i.e. the Holocene, c.a. 10,000 B.C. to the present) 

was formerly assumed to be relatively stable.  However, paleoclimate research over the 

past two decades indicates that the Holocene environment was far from static (Brenner et 

al. 2003; Dahlin 1983).  Sediments cores, typically extracted from closed-system lake 
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environments, offer a range of data tracking natural and human-induced environmental 

change over the last several thousand years.  Fossil pollen reveals natural vegetation 

changes such as forest expansion and retreat as well as changes related to human 

activities such as forest clearance and agriculture (Wahl et al. 2007).  The shells of 

invertebrates (e.g., ostracods, foraminifers, mollusks) adapted to specific environmental 

niches can be studied as direct indicators of local soil and water conditions (Alcala-

Herrera et al. 1994).  Stable isotope ratios (e.g., 18O/16O or δ18O) preserved in the shells 

of invertebrates, such as ostracods and gastropods, reflect the relationship between 

evaporation and precipitation in a lake at the time the organism was living (Brenner et al. 

2003).  Carbon isotope ratios (13C/12C or δ13C) measured in soil reflect the relative inputs 

to the soil of plants using the C4 photosynthetic pathway (disturbance species and many 

grasses including maize) and those using the C3 pathway (many tree species; see Beach et 

al. 2011:109).  Amounts of inorganic and organic carbon in lake sediments can be 

measured to reflect relative temperature and water level in lakes (Hodell et al. 2007).  

Paleoclimate data thus provide numerous lines of evidence aiding our interpretation of 

the Maya archaeological record.  Lake core data is often complemented by 

geoarchaeological data – pollen, phytoliths, soil texture and chemistry, and carbon 

isotopes - extracted from excavations of soil pits in places such as wetland fields.  While 

paleoclimate data may reflect trends at a regional scale, geoarchaeological data provide a 

more localized picture of agricultural activities, erosion events, flood events, aggradation 

due to water table rise, and human landscape modifications.  
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Human Impacts: Deforestation, Erosion, and Human Responses to Environmental 

Change 

 Colonization of the lowlands by the first Maya farmers began around 3000 B.C. 

in northern Belize, indicated in pollen records by decreasing forest taxa and increasing 

disturbance taxa, including maize pollen (Pohl et al. 1996).  In other areas, maize pollen 

shows up later: 2500 B.C. in the Mirador basin (Wahl et al. 2006), 2300 B.C. in the 

Copán Valley (Rue et al. 2002), 2600 calibrated years B.P. (650 B.C.) in western Petén at 

the site of La Joyanca (Carozzal et al. 2007), 1500 B.C. in central Quintana Roo (Carillo-

Bastos et al. 2010), 1000 B.C. in the Petén lakes district (Curtis et al. 1998; Rice 1996), 

500 B.C. on the Vaca Plateau in southern Belize (Polk et al. 2007), 850 B.C. around Cobá 

(Leyden et al. 1998), and 1950 B.C. in the vicinity of Rio Lagartos along the north coast 

of the Yucatán Peninsula (Aragón-Moreno et al. 2012).   

 The Late Archaic and Early Preclassic decline of forest taxa in pollen cores 

typically coincides with the appearance of maize pollen.  In other cases, for example 

around Lake Cobá (Leyden et al. 1998; forest clearance begins at 1650 B.C., first maize 

appears at 850 B.C.) and the Petén Lakes District (Mueller et al. 2009), forest decline 

predates maize.  Cores extracted from Lake Petén Itza document lake levels 7 m lower 

than present, a decline in relative abundance of forest taxa, and a shift to more open, 

savanna-like forest from 2500-1000 B.C.  Maize does not appear in the cores until 1000 

B.C., suggesting to the authors that climatic drying played a role.  In other words, the 

initial decline in forest taxa seen in lake cores, and often interpreted as human-induced 
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forest clearance for agriculture, may actually have been a natural process.  In any case, it 

is clear that by 1000 B.C., maize agriculture has spread to most of the lowlands.   

 Also at this time we see initial deposition of “Maya clay”, a largely inorganic soil 

that may have eroded from slopes and filled in many lakes and bajos in the Petén with up 

to 7 m of sediment (Anselmetti et al. 2007; Beach et al. 2006; Brenner et al. 2003; Curtis 

et al. 1998; Dunning et al. 2006; Hansen et al. 2002).  While eroded sediments 

accumulated from the beginning of the Middle Preclassic to the Terminal Classic period, 

erosion from deforestation seems to have peaked in the Late Preclassic.  Anselmetti et al. 

(2007) estimate the rate of filling to be 988 tons/km2/yr for the Lake Salpetén watershed.  

This translates to an average of .80 m of soil lost.  McNeil (2011) found similar results in 

her study of deforestation and erosion around Copán.  This indicates that relatively small 

numbers of early farmers (compared to Late Classic population densities) were 

responsible for an extraordinary amount of landscape degradation (Anselmetti et al. 

2007).  As discussed in the previous bajo section, Hansen et al. (2002) argue that 

extensive deforestation for lime production, and subsequent filling of civales with eroded 

sediments, crippled their highly productive but delicate farming strategy and led to 

widespread abandonment of the Mirador basin at A.D. 100.   It is also likely that 

extensive deforestation increased aridity and further exacerbated El Mirador's problems: 

shrinking forests mean less moisture returned to the atmosphere through transpiration 

(Turner 2010).  Oglesby et al. (2010) modeled this and found that 100 percent 

deforestation in the Maya area would lead to a 3-5 degree temperature increase and a 20-

30 percent reduction in rainfall.  
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 While some areas like El Mirador were not able to recover from self-inflicted 

damage, many places were able to reconfigure their strategy.  Throughout the Classic 

period, land clearance continues but the erosion problem is ameliorated, partly due to 

decreased erodibility of soils deeper in profiles (Anselmetti et al. 2007; Beach et al 2006), 

but also due to changing agricultural strategies such as terracing in many places such as 

La Milpa in northern Belize and Tamarindito in the Petexbatun Region (Dunning and 

Beach 2010).  Terraces served the dual purpose of minimizing slope erosion and trapping 

runoff.   

 Pollen records show a return of forest vegetation starting around A.D. 1000 

coincident with the abandonment of Maya centers after the collapse (Mueller et al. 2010; 

Turner 2010).  Mueller et al. (2010) suggest a shift to humid conditions in the early 

Postclassic facilitated the recovery of the tropical forest.  They estimate this forest 

recovery took 80-260 years (slow because extensive land clearance left few patches of 

old growth to recolonize), and soil recovery took 120-280 years.  In a pollen core from 

Aguada Zacatal in the Mirador Basin, an abrupt decline in disturbance taxa at A.D. 840 

indicates permanent abandonment of the region (Wahl et al. 2007).  In the vicinity of 

Lake Petén Itza, settlement continued into the early Postclassic – detrital clay continues 

to accumulate in the lake and forests remain open.  Turner notes that even though forest 

and soils had recovered, people did not return, to the Petén anyway, until about 50 years 

ago, suggesting “environmental change alone does not determine societal outcomes” 

(Turner 2010:576). 
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Early Holocene Climate 

 Pollen records from Petén lake cores provide a good account of the early and mid 

Holocene.  The lake Quexil record has 19.6 m of sedimentation covering the last 36,000 

years.  A recent core from Lake Petén Itza is 5.5 m long representing the last ca. 11,000 

years.  At the end of the Pleistocene, the Maya lowlands were characterized by a cool, 

dry climate and juniper scrub savanna vegetation.  A paleosol (dated 11,000 B.C.) 

identified at the base of a core from Lake Petén Itza indicates the lake was about 58 m 

lower than it is today (Mueller et al. 2009).  Beginning around 9,000 years ago, climate 

became warmer and moister, lakes filled rapidly, and the lowlands witnessed the 

expansion of tropical forests that characterize the area today (Curtis et al. 1998; Rice 

1996).  Curtis et al. (1998) suggest conditions continued to become moister through 6800 

14C years ago. Colonization of the lowlands by the first Maya farmers began around 3000 

B.C. (although people were here much earlier; see Kelley 1993) in northern Belize, 

indicated in pollen records by decreasing forest taxa and increasing disturbance taxa, 

including maize pollen (Pohl et al. 1996).   

 However, once the Maya arrive, human forest and ecosystem disturbance prevent 

us from using pollen data as a direct analogue to study climate.  It should also be noted 

that while pollen rain does indicate if an ecosystem was present or absent (via index 

species), there can be confusions (e.g., quercus and pinus pollen does not necessarily 

mean a coring location was a pine swamp), and it cannot provide more details on Maya 

farming other than maize (Battarachya et al. 2011).  Most Maya cultigens and managed 

forest species are not wind pollinated and will rarely show up in the pollen record, and 
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garden city models are invisible in the pollen record (Fedick 2010; Ford 2008; also see 

McNeil et al. 2010). 

 

Climate Change During the Prehispanic Maya Period 

 Sediment cores from the northern Yucatán Peninsula have provided the best 

record of climate change over the course of prehispanic Maya occupation.  This record is 

based primarily on sediment geochemistry and oxygen isotope ratios in the shells of 

ostracods and gastropods.  This record most provocatively indicates a series of Terminal 

Classic droughts coinciding with the Maya collapse.  It is important to note that this was 

not a multi-century megadrought (as suggested by Gill [2000]), but rather several 

punctuated episodes separated by periods of relatively wetter or normal weather 

conditions. 

 Sediments from several lakes in the northern Yucatán Peninsula have provided 

evidence that Classic Maya civilization developed in the context of a long-term regional 

drying trend and increased seasonality of climate (Brenner et al. 2003; Figure 1.4).  In a 

core from Cenote San Jose Chulchaca in northwest Yucatán state, Leyden et al. (1996) 

used δ18O ratios, diatoms, and pollen to identify a gradual drying trend beginning at 1800 

B.C. and lasting until the Early Postclassic.  The importance of seasonality for milpa 

farming is something Gunn et al. (1995) and Gunn, Matheny, and Folan (2002) 

considered in their study of climate variation in the southwest Yucatán Peninsula.  They 

argue that global warm temperatures correlate to wetter conditions in the Maya lowlands, 

while global cool temperatures correlate to drier conditions.  If climate was too wet in the  
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Figure 1.4.  Yucatán Peninsula showing rainfall contours and some of the sediment core 
sites mentioned in the text (after Aragon-Moreno et al. 2012:Figure 1). 
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past, it would be difficult to fully burn the slashed field vegetation due to high moisture 

content.  Conversely, if climate was too dry, the rainy season would be cut short, 

interfering with the maturation of the maize crop.  According to Gunn et al. (1995), an 

intermediate climate, with optimal seasonality for milpa agriculture, must have defined 

the Maya Classic period.  Based on modern and historic correlation of global temperature 

with Candelaria River discharge, and a long-term record of global temperature, Gunn et 

al. (1995) extrapolated discharge into the past 3000 years and found that the Maya 

collapse occurred during a period of reduced river discharge and associated drought 

conditions.   

 At Lake Chichancanab in Yucatán state, Hodell et al. (1995) in 1993 took a 4.9 m 

core from 6.9 m of water and studied δ18O and gypsum/sulfur vs. calcite/calcium 

carbonate (CaCO3) to provide a record of climate change extending back over 8000 

years.  A terrestrial paleosol found at the base of their 4.9 m core indicates that the lake 

was dry prior to 8200 14C years B.P.  The lake began to fill slowly after 8200 14C years 

B.P. as sea level and the Yucatán Peninsula aquifers rose.  High gypsum-rich sediments, 

high δ18O ratios, and high salinity reflect high evaporation/precipitation from 8200 to 

7200 14C years B.P.  The lake level began to rise rapidly after 7200 14C years B.P. as 

calcite/carbonate precipitation replaced gypsum and δ18O ratios dropped.  These moist 

conditions continued until 3000 14C years B.P., when δ18O ratios and gypsum deposition 

increased and climate became drier again.  The driest conditions, however, occurred from 

1300 to 1100 14C years B.P (A.D. 800-1000).  This drought is based on the presence of a 

.06 m thick gypsum layer, and concomitant increases in the δ18O values of ostracods and 
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gastropods.  Although suggested previously (e.g., by Dahlin 1983), this was the first 

paleolimnological evidence for Terminal Classic drying.   

 In 2000, Hodell et al. (2001) took two cores from the same location in 11 m of 

water.  These cores created a composite 1.9 m section covering the last 2600 years.  In 

2004, Hodell et al. (2005) took cores along a transect from 4.3-14.7 m water depth (the 

deepest part of the lake), with multiple cores taken at 17.7 m water depth.  Focusing on 

the Terminal Classic drought, they measured the new cores, as well as previous ones, for 

bulk density by gamma-ray attenuation.  Higher-density gypsum deposits representing 

dry periods contrast with lower-density organic-rich deposits representing wet periods 

(Hodell et al. 2005:1413).  This technique is more accurate (it can be done at higher 

resolution [.5 cm] and non-destructively, with sediment left in the core so as not to 

disturb it) than their previous method of measuring gypsum via measuring weight-percent 

sulfur.  With this new technique, and additional radiocarbon dates, Hodell et al. (2005) 

refined the Terminal Classic drought into two phases (A.D 770-870 and A.D 920-1100) 

separated by a 50-year period of relatively moist conditions.   The authors caution that 

climate was not always dry during these “drought” phases, but that droughts were more 

frequent.  Spectral analysis of the density record indicated nested drought cycles of 213, 

50, and 27 years.  The 213-year cycle is likely related to a 206-year cycle of solar forcing 

(Hodell et al. 2001), and may have been discovered by the Maya based on their important 

256-year 13 katun calendric cycle (Gunn, Matheny, and Folan 2002; Puleston 1979).  

Hodell et al. (2005) suggest that the first Terminal Classic drought phase consisted of two 

50-year drought cycles.  It then skipped a cycle in the subsequent Terminal Classic moist 
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period, then continued with four 50-year drought cycles in the second phase of the 

Terminal Classic drought.   

 At Punta Laguna, just south of the Yalahau region, investigators (Brenner et al. 

2002; Curtis et al. 1996; Hodell et al. 2007) studied a high-resolution (sub-decadally 

resolved) sedimentary record revealing climate changes over the past 3,500 years.  They 

extracted a 6.3 m core in 6 m of water (shallow water) representing the last 3,500 years 

(high-resolution, sub-decadal) and a 2.2 m core in 16 m of water (deep water) also 

representing about 3,500 years (lower resolution/sedimentation rate).  They studied 

proxies including δ18O of ostracods, gastropods, and carbonate; percent CaCO3 

(bioinduced) and percent organic carbon (OC) which are inversely correlated; and 

sediment color (average red pixel density, whch tracks variations in organic and 

inorganic carbon).  The base of the shallow water core consisted of an indurated deposit 

dating to 1650 B.C., suggesting the lake level was 6 m lower then.  The data indicate a 

wetter, but highly variable, climate from 1500 B.C. to 1 B.C.  In the ensuing Classic 

period, mean δ18O ratios are higher, indicating significantly drier climate and lower lake 

level.  However, this Classic “drying” is tempered by the fact that CaCO3 remains 

generally very high (ca. 80 percent, close to Preclassic levels) through A.D. 1100.  The 

Punta Laguna cores also record several drought episodes (δ18O highs and CaCO3 lows) 

corresponding to key cultural events in the Classic period.  The onset of climatic drying 

at the beginning of the Classic may have pushed already stressed ecosystems, like that of 

the Mirador basin, to the breaking point (Gill 2000; Hansen et al. 2002, Hodell et al. 

2007).  A Terminal Preclassic drought is supported by a spike in δ18O dated to A.D. 250 
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in a recent sediment core from Lake Tzib in central Quintana Roo (Carillo-Bastos et al. 

2010).  Subsequently, Hodell et al. (2007) noted a dry event around A.D. 535-550, within 

the “Classic Hiatus”, when Tikal went into decline due to its defeat by a Calakmul-

Caracol alliance.  Perhaps more significantly, the Punta Laguna data shows drought 

episodes from A.D. 760-770, A.D. 830-890, and A.D. 950-1100.  These droughts, also 

evident in cores from Lake Chichancanab (Hodell et al. 1995, 2005), Lake Tzib (Carillo-

Bastos et al. 2010), Venezuela (Haug et al. 2003), Puerto Morelos mangroves (Islebe and 

Sanchez 2002), stalagmites form Tzabnah cave near Merida (Medina-Elizalde et al. 2010, 

2012) and in the Vaca plateau of Belize (Webster et al. 2007), correspond to the decline 

and abandonment of many Maya centers in the Terminal Classic. 

 A seasonally resolved climate record based on riverine titanium inputs to the 

Cariaco basin, Venezuela, indicates an extended period of drought, “punctuated by more 

intense multiyear droughts centered on A.D. 810, 860, and 910” that corresponds to the 

Maya collapse (Haug et al. 2003:1731).  Haug et al. (2003) used measurements of 

titanium in continuously deposited river sediments as a proxy for rainfall, which is 

governed by shifts in the Intertropical Convergence Zone (ITCZ).  The dry season occurs 

in the winter when the ITCZ is at its southernmost extent; conversely, the rainy season 

occurs in the summer when the ITCZ is at its northernmost extent.  These sediments are 

laminated bi-annually and show no disturbance.  The authors see lower titanium levels 

(i.e. dry conditions) corresponding to the little ice age (A.D. 1500-1700), and higher 

titanium concentrations (i.e. wet conditions) corresponding to the Medieval Warm Period 

of A.D. 930-1150.  Evidence for low rainfall for the periods of A.D. 150-250 (Preclassic 
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collapse) and A.D 750-950 (Classic Collapse) was also identified.  The intervening time, 

corresponding to the Classic Maya florescence, was characterized by relatively wet, more 

favorable conditions.  Haug et al. (2003) argue the Maya reached their environmental 

carrying capacity and put themselves in a very vulnerable position to any climatic 

disruption.  Haug and colleagues (2003) suggest a sequence of Late Classic and Terminal 

Classic drought episodes, coming about every 45 years, can help explain this extended 

collapse. The onset of Classic period drying starts at around A.D. 760.  Beginning in 

A.D. 810 there was a decade of more intense drought.  This was followed by another 3-

year drought around A.D. 860, then a 6-year drought around A.D. 910. 

 Interestingly, these drought signals do not appear in the Petén lake cores (e.g., 

Curtis et al. 1998; Leyden 2002; Leyden et al. 1993; Mueller et al. 2009; Rice 1996; 

Yeager and Hodell 2008).  Yeager and Hodell (2008) review the paleoclimate data from 

Petén lakes for the Classic and Terminal Classic period.  Lake Petén Itza is large and 

therefore insensitive to changing evaporation/precipitation.  An additional complication is 

that increased runoff into the lake (due to Classic period deforestation) can mask the 

evaporation/precipitation signal recorded in ostracods.  Similarly, reduced runoff into the 

lake can lower lake level and look like increased evaporation due to drought when in fact 

it is a product of reforestation and more rainfall trapped by trees.  Lake Salpetén is 

considerably smaller, and changes in δ18O values were much greater that those seen in 

Lake Petén Itza.  Still, the drought signal is ambiguous.  The watershed was too heavily 

populated to rule out an anthropogenic cause for a “drought” signal.  Still, Yeager and  
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Hodell (2008) believe there were significant changes to climate that affected the people 

of the Central Petén Lakes area in the Late and Terminal Classic periods.   

 Several new studies have used stalagmite records to study climate changes over 

the Maya period, with particular focus on the Terminal Classic drought.  Medina-Elizalde 

et al. (2010, 2012) measured δ18O changes in a stalagmite from Tzabnah cave near 

Merida to reconstruct climate over the last 1500 years (Figure 1.5).  By correlating the 

δ
18O record of recent history with instrumentally measured precipitation from a nearby 

meteorological station, they were able to provide the first quantitative estimation of 

rainfall variability in the Terminal Classic period.  Because modern precipitation trends 

in Merida closely follow trends in Chiapas and Guatemala, they assume the Tzabah δ18O 

record reflects climate variability over a broad part of the Maya Lowlands.  The authors 

achieved an average resolution of 2.3 years, but annual resolution for the period of A.D. 

800-940.  This is significantly more detailed than the 5-year resolution density record 

from Lake Chichancanab (Hodell et al. 2005).  The Punta Laguna record showed three 

drought phases (ca. A.D. 760-770, A.D. 830-890, and A.D. 950-1100) while the 

Chichancanab data showed two phases (A.D. 770-870 and A.D. 920-1100).  Within these 

drought phases, climate alternates between wet and dry, with dry peaks occurring about 

every 50 years.  The data presented by Medina-Elizalde et al. (2010) indicate the period 

from A.D. 804-938 witnessed the most intense dry of the last 1500 years.  They identify 

eight individual droughts, lasting 3-18 years each, centered on the following dates: A.D. 

806, 829, 842, 857, 895, 909, 921 and 935.  During these droughts, precipitation 

decreased 36 percent (to ca. 717 mm/year) to 52 percent (to ca. 538mm/year) relative to 
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Figure 1.5.  Sediment geochemistry records from several sites in the Yucatan Peninsula, 
showing the annually-resolved paleoclimate record from the Chac stalagmite compared to 
lower resolution records from Lake Chichancanab and Punta Laguna (after Medina-
Elizalde et al. 2010: Figure 7). 
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Merida’s modern mean annual precipitation of 1120 mm/year.  The first two droughts 

coincide with the violent abandonment of the Petexbatun region, while the first six 

overlap the period (AD 800-909) during which the Tikal and Calakmul kingdoms 

disintegrated.  Medina-Elizalde et al. (2010) suggest, as Hodell and colleagues (2007) 

have, that the Puuc florescence was facilitated by the relatively wet conditions of the 

Terminal Classic moist period (A.D. 860-890), but four subsequent droughts soon took 

their toll on Puuc residents as well.  Medina-Elizalde et al. (2010) suggest the collapse 

took so long because successive short droughts (which undoubtedly reduced carrying 

capacity, increased interstate competition for resources, and led to famine, disease, and 

popular dissent) were interspersed with years of relative climatic normalcy allowing 

regions to partially recover.  

 Webster et al. (2007) studied a stalagmite climate record from Macal Chasm cave 

on the Vaca Plateau in southern Belize going back 3300 years to 1225 B.C.  The 92 cm 

stalagmite was analyzed using gray-scale imaging, luminescence, δ18O and δ13C of 

CaCO3, and thin section petrography.  The authors identify numerous droughts 

throughout the Preclassic period.  A drought centered on A.D. 141, indicated by 

increased δ18O and δ13C values and a spiked decline in luminescence, coincides with the 

Preclassic abandonment.  A drough episode around A.D. 517 corresponds to the Classic 

period hiatus.  Subsequently, the record shows a series of droughts centered on A.D. 780, 

910, 1074, and 1139.  Additional droughts occur in the mid-1400s, but the driest period 

in the last 3300 years was A.D. 700-1135, when the Terminal Classic collapse occured.   
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 Similar results were reported by Polk et al. (2007) for Reflection Cave, only 3 km 

south of Macal Chasm in southern Belize.  The authors analyzed δ13C of cave sediments 

to study changing contributions of C3 and C4 plants, with greater C4 inputs being taken to 

indicate the presence of maize agriculture.  Agriculture begins in the area at 500 B.C., 

declines slightly until 400 B.C., then increases with enriched δ13C values until A.D. 500.  

However, they note a low point in the δ13C signal around A.D. 100, indicating a decline 

in farming activities at the time of the Preclassic abandonment.  Following the Classic 

period hiatus drought, maize agriculture fades out from A.D. 400-700, at which point the 

δ
13C signal indicates no maize farming.  Polk et al. (2007) note minimal maize farming 

from A.D. 1100-1200, after which the region is abandoned and the forest returns.  The 

authors suggest a highly karstified, well-drained landscape like the Vaca Plateau would 

have been one of the first areas impacted by protracted drought.   

 Recent works on the Maya collapse are in agreement that it was complicated 

ordeal with many factors, taking several hundred years to play out, and occurring quite 

differently in different parts of the Lowlands (Aimers 2007; Andrews et al. 2003; 

Demarest et al. 2004; Gill et al. 2007; Lucero et al. 2011; McAnany and Yoffee 2010; 

Webster 2002).  The Late Classic period Maya collapse began in the Petexbatun region in 

the eight century and ended with the fall of Chichén Itzá in the eleventh century.  The 

role of climate seems to have taken a front seat for many, no doubt connected to current 

concerns with global warming (see Middleton 2012).  “They emphasize that the collapse 

was unavoidable, catastrophic, and due directly to climatic factors: ‘‘There was nothing 

they could do or could have done…. In the end, the food and water ran out – and they 
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died’’” (Gill et al. 2007:299, cited in Middleton 2012:275).  But the drought-collapse 

hypothesis is somewhat counterintuitive: the Petexbatun region is one of the wettest in 

the Maya Lowlands, and there is no evidence for climate change, drought, or ecological 

deterioration, yet the Petexbatun collapses earliest, most violently, and is completely 

abandoned.  While this may indicate regional variation in climate, the most likely cause 

of collapse in that region was inter-elite competition generating political and economic 

stresses that led to endemic warfare.  The clearest evidence for drought comes from the 

northern Yucatán Peninsula, but the always-dry Yucatán persevered through droughts 

and never depopulated (Dahlin 2002; Turner 2010).  As drought-focused paleoclimate 

studies continue and as archaeological site chronologies are refined, we will gain a more 

nuanced picture of the circumstances of collapse as well as of resilience. 

  Paleoclimate research in the Maya lowlands has used sediment core data to 

reconstruct natural climatic changes and correlate these changes with important events in 

Maya prehistory.  Sea-level rise, climatic extremes such as drought, and human 

environmental degradation have all been used to explain the collapse of subsistence 

systems and consequently of sites and regions (Beach et al. 2006; Dunn and Mazullo 

1993; Gill 2000; Gunn and Folan 2000; Haug et al. 2003; Hodell et al. 1995, 2007).  

Hodell et al. (2007) explicitly acknowledge the difficulties in matching up data sets based 

on different chronologies such as radiocarbon, ceramics, and epigraphic texts.  They also 

admit that roughly contemporaneous climate and cultural changes do not prove a causal 

relationship.  I would add that we should pay careful attention to the scale of the 

paleoclimate data we are citing. Global and hemispherical sea and ice core data, regional 
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lake core data, and local pedological and geoarchaeological data should not necessarily 

be given the same importance when interpreting the history of a single site.  Also, some 

researchers (Scott Fedick, personal communication 2010) feel the importance given to 

past climate change has been overstated, and that Maya agricultural systems were much 

more resilient than we give them credit for.  Wollwage (2007) suggests that prolonged 

but stable drought or wet climate conditions would have been far less threatening to 

Maya farmers than would unpredictability in annual temperatures and precipitation. 

Paleoclimatic data can be an excellent aid to interpreting the past but it is part of a 

complex picture and we must be cautious in assigning it too great a role in cultural 

change.   

 

Sea Level Change 

 Overlapping the above-mentioned dryings trends was a circum-Caribbean rise in 

sea levels (Fairbanks 1989; High 1975).  While leading to drought in some areas, warmer 

global temperatures also lead to melting ice in northern latitudes and a consequent rise in 

sea level and flooding of low-lying areas around the earth.  Data for sea level change 

come primarily from off-shore sediment cores in the Gulf and Carribean, as well as from 

the identification of geomorphic features such as fossil lagoons and fossil beach ridges.  

Holocene sea level change, while minimal, is important because it altered the shape of the 

coastline and impacted freshwater resources near the coast.  Additionally, because sea 

water intrudes beneath the Yucatán Peninsula and the freshwater aquifer floats on it, sea 

change affects the elevation of the freshwater table, which had important implications for 
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farmers living in the coastal plain of the Yucatán Peninsula.  A sediment core from El 

Palmar swamp in southern Quintana Roo used vegetation changes in the swamp to 

investigate sea level change.  A shift from medium-statured tropical forest to mangrove 

swamp suggests a sea level rise of 2-3 m between 4000-2000 B.C. (i.e. from -5 to -2 m 

relative to present sea level).  This sea-level rise caused increased salinity in the Rio 

Hondo and its adjacent soils, which consequently favored a mangrove ecosystem 

(Torrescano and Islebe 2006).  A recently published Atlantic sea-level curve shows that 

from 1000 to 1 B.C. – corresponding to the Maya Preclassic period – sea level rose 80 

cm.  From 1 B.C. to present, sea level rose another 1.5 m, although a detailed chronology 

of this rise is not specified (Toscano and Macintyre 2003).  Toscano and MacIntyre 

(2003) dated corals and peats from Belize, Florida, and the wider Caribbean to 

reconstruct the following Holocene sea curve: From 10,600 to 7,700 calibrated years B.P. 

(8650-5750 B.C.), sea level rose from -24.8 to -9.8 m asl (a rate of 5.2 mm per year); 

from 7,700 to 2,000 calibrated years B.P. (5750-50 B.C.) it rose from -9.8 to -1.5 m asl (a 

rate of 1.47 mm/yr), and from 2,000 to 400 calibrated years B.P. (50 B.C. – A.D. 1550) 

sea level rose from -1.5 to 0 m asl (a rate of .93 mm/yr).   

 Several archaeological sites also attest to this sea rise.  The remains of wooden 

buildings associated with salt production in Punta Yacos lagoon in Belize are now under 

about 1 m of water (McKillop and Sabloff 2005).  Late Preclassic deposits on Isla 

Cerritos, just off the north coast of the Yucatán Peninsula, were pulled from water logged 

muds sitting between current sea level and bedrock (Andrews et al. 1988).  Two sacbes 

and other smaller walkways associated with lakes at the site of Cobá, are now partly 
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submerged, but are presumed to have been built at a time of lower lake level and lower 

sea level (Folan et al.1983).   

 There is some evidence that the sea actually rose higher than its present level 

within the last few thousand years.  Froede (2002) identified fossilized turtle grass roots 

on Key Biscayne, Florida indicating sea level was at least .5 m higher than present 

sometime between 1000 to 2000 years ago.  Morton (2000) came to a similar conclusion 

studying geomorphic features along the Texas Gulf Coast.  However, Otvos (2004) 

argues against such a high stand, suggesting it is based on questionable radiocarbon and 

luminescence dates and that high stand features are more related to changing erosion and 

sedimentation rates than to sea level change.  Furthermore, none of the geoarchaeological 

investigations in Maya wetlands have identified a corresponding water table high stand.   

  

Water Table Rise 

Because sea water intrudes dozens of kilometers inland beneath the Yucatán 

Peninsula and a freshwater aquifer floats on top, change in sea level can affect the height 

of the water table in the coastal plain of the Yucatán Peninsula.  Holocene sea rise is 

basically responsible for creating the large areas of wetlands in northern Belize and 

northern Quintana Roo that were exploited by the Maya.  Geoarchaeological excavations 

in wetlands and sediment cores from Belize have confirmed the affect of Caribbean Sea 

rise on inland water tables.  Alcala-Herrera et al. (1994) retrieved a 5.4 m core from 

Cobweb Swamp, a perennial wetland adjacent to the northern Belize site of Colha.  

Changing percentages of mollusks, ostracods and foraminifers throughout the core 
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indicate that the swamp, initially freshwater, became marine-influenced around 3600-

2800 B.C. due to a water table rise likely caused by sea-level rise.  The Cobweb Swamp 

stratigraphy shows a second water table rise starting sometime after 1400 B.C., evidenced 

by a marl deposit.  Data from the Laguna de Cocos sediment core on Albion Island shows 

a water table rise around 3000 BC (based on a single radiocarbon date of 3585 B.C.), 

forming a freshwater lake (Bradbury et al. 1990).  Bradbury et al. (1990) suggest this 

created suitable conditions for wetland agriculture.  A subsequent increase in the 

presence of certain gastropods suggests water levels in the lagoon may have continued to 

increase.   

Excavations by Pohl et al. (1990) in the San Antonio wetland fields indicate a 

water table rise: deposition of organic clay layers documents increased river flooding but 

also human-induced erosion, and overlying marl contains mollusks adapted to permanent 

water.  However, reduced evapotranspiration caused by deforestation, as well as 

compaction and subsidence of sawgrass peats from cultivation, could have created an 

artificial local water table rise.  This water table rise and subsequent ditching effort are 

dated to the Preclassic period based on two stone axes and several ceramic sherds.  At the 

Chan Cahal wetland, the water table was about 2 m lower than today when the basal 

paleosol formed sometime between 4840 and 2100 calibrated years B.P (2890-150 B.C.).  

From 2340 to 2100 calibrated years B.P. (390-150 B.C.), the water table sat near the 

surface of a forming O horizon, which is 1 m below the modern ground surface (Beach et 

al. 2009).  Similarly, Pope, Pohl, and Jacob (1996) dated ancient planting surfaces (now 
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nearly 1 m below the modern water table) at Douglass Swamp and Pulltrouser Swamp to 

around 1000 B.C, indicating a water table rise of at least 1 m over the past 3000 years. 

   

Hurricanes and Floods 

 Hurricanes and associated flooding have wreaked havoc on coastal populations in 

the Caribbean, and we now have evidence of when such events may have struck the 

ancient Maya.  McKloskey and Keller (2009) studied 21 short sediment cores taken from 

central Belize to reconstruct a history of hurricane strikes.  They collected 21 cores, at 

about 10 m intervals, along three transects moving from the beach inland.  They 

identified storm events by layers of sand with pebbles, marine shells, and microfossils 

embedded in layers of peat. These layers represent flood deposits from storm surges that 

topped beach dunes.  In total they identified 16 hurricane events that hit the central coast 

over the past 5000 years.  Five to six major hurricanes (category 3 or higher) occurred 

over the last 500 years on Belize’s central coast, several of which the authors were able to 

correlate with historically recorded hurricanes.   This represents one major storm per 

century for the study area.  It should be noted that storm deposits only extend 15 km from 

the eye of the storm, thus the probability of one major storm every 100 years applies only 

to a 30 km-long section of the Belize coastline surrounding the study area.  Such a 

probability, applied to the entire 250 km long coast of Belize, yields a liklihood that a 

major storm will strike somewhere along the coast of Belize roughly every 10 years.  A 

particularly thick sand deposit (Event 7) dated to before A.D. 1500 represents the most 

severe storm of the last 5000 years.  The storm deposit for Hurricane Hattie (1961, 
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category 4) was significantly smaller than the Event 7 deposit.  They also noticed that 

clustered events are represented by rapidly alternating peat and sand, silt, and clay layers 

indicating periods of greatly increased hurricane activity.  These periods of hurricane 

hyperactivity date to ca. 5,500-2,500 calibrated years B.P. (3550-550 B.C.).  Cycles of 

hurricane activity vs. relative calm may be linked to the migration of the ITCZ.  In the 

cores, the massive Event 7 scoured the land surface and removed the sediments 

representing the Maya Classic period, however they provide a probability that an average 

of one storm per decade will strike somewhere on the coast of Belize.  Furthermore, the 

possibility of millennial-scale cycles of heightened hurricane frequency suggests storms 

were a serious threat to coastal Maya.  

 The karst landscape of Maya Lowlands is generally quick-draining, but flooding 

can occur, and while coastal areas bare the brunt of the damage, heavy hurricane-derived 

rains pass through the interior of the peninsula generating excessive precipitation and 

scouring alluvial sediments.  Dunning and Houston (2011) describe possible hurricane-

related flood deposits for several bajos in the Petén.  In the Bajo Zocotzal southwest of 

Tikal, the authors found a layer of course sediments and boulders where a small stream 

discharges into the bajo, dating 250 B.C. – A.D. 390 (see Dunning et al. 2006).  Similar 

deposits dated 440 B.C. – A.D. 460 were found in the Far West Bajo (Dunning et al. 

2002, 2003), and in an arroyo near San Bartolo dated to the third century B.C. (Dunning 

et al. 2005).   

 In the Chan Cahal wetland fields near Blue Creek, a large flood occurring 

sometime between 80 B.C. and A.D. 80 buried the landscape with a layer of sand and silt 
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(Beach et al. 2009).  This flood event corresponds in time to the bajo flood deposits 

discussed by Dunning and Houston (2011).  Late Preclassic flood deposits along the 

Mopan River near Xunantunich may also be associated (Holley et al. 2000).  In the 

sediment cores from Punta Laguna, Hodell et al. (2007) documented extreme lows in 

δ
18O ratios at 1140, 610, and 220 B.C.  This indicates high lake stands that may have 

resulted from large hurricanes striking the Cobá area.   

 

Natural History of the Yalahau Region 

Geology and Topography 

The Yucatán Peninsula is a slightly uplifted carbonate platform composed mainly 

of tertiary limestones, dolomites, and evaporites reaching thicknesses of greater than 

1,500 m (Weidie 1985), underlain by igneous and metamorphic basement rocks (Bauer-

Gottwein et al. 2011; Figure 1.6).  Over the course of the tertiary period (65-2.5 million 

years ago), the peninsula gradually emerged from beneath the sea as ocean levels 

dropped, thus one generally sees a decrease in age of surface sedimentary rocks moving 

from the south center of the peninsula towards its margins (Bauer-Gottwein et al. 2011; 

Isophording 1975).  More recent geologic deposits, dating to the Pleistocene and 

Holocene, are restricted to a narrow strip along the coast, in accordance with small long-

term fluctuations in sea level such as the last sea level high stand at 125,000 years ago 

when the ocean was 4 m higher than today (Ward 1985).  The entire Yucatán platform 

covers approximately 300,000 km2 (Bauer-Gottwein et al. 2011), half of which remains 

underwater.  The submarine portions of the platform extend west and north into the Gulf  
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Figure 1.6.  Geology of the Yucatan Peninsula (after Perry et al. 2009:Figure 1). 
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of Mexico for about 250 km, and to the east into the Caribbean Sea for about 15 km, at 

which point the sea floor drops down in elevation to 200 m to well over 1000 m below 

sea level (Isophording 1975). 

 The main geologic features influencing groundwater movement on the Yucatán 

Peninsula are the Ring of Cenotes, the Ticul Fault, the Rio Hondo block fault zone, and 

the Holbox Fracture Zone (Bauer-Gottwein et al. 2011; Perry et al. 2003; Figure 1.7).  

The Ring of Cenotes represents the perimeter of the Chixchilub impact crater, produced 

when a 10 km-diameter meteor struck the Yucatán Peninsula 65 million years ago and 

may have ended the existence of dinosaurs (Hildebrand et al. 1991; Perry et al. 2009; 

Pope, Ocampo, Kinsland, and Smith 1996).  The Ticul Fault underlies the northern edge 

of the Sierrita de Ticul in the Puuc Region.  The Rio Hondo Fault is found in southern 

Quintana Roo, and is responsible for forming basins now filled by lakes such as Laguna 

Bacalar.  The Holbox Fracture Zone has a similar orientation as Rio Hondo Fault, and is 

found in northern Quintana Roo.  These faults and fractures have been identified as zones 

of high permeability, channeling groundwater to important discharge zones along the 

coast including Estuario Celestun, Bocas de Dzilam, and Laguna Conil.  The large output 

of freshwater mixing with saltwater leads to an aggressive dissolution of limestone 

responsible for the creation and maintainance of these estuaries and lagoons.   

Other notable geomorphic/hydrogeologic features are (1) the north coast, 
characterized by a shallow ramp, nearly-continuous dune ridge, cienaga 
(saline swamp), and exposed rock (tsekel); (2) the fault-bounded east coast; 
(3) the north-central plain with strongly developed karst features 
(“Pockmarked Terrain”); (4) a region of poljes—large, flat enclosed basins 
whose geologic origin is uncertain—south of the Sierrita de Ticul; and (5) 
the zone of high-sulfate groundwater, located south and east of Lake 
Chichancanab in Quintana Roo [Perry et al. 2003:120]. 
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Figure 1.7.  The northern Yucatán Peninsula showing hydrogeological terrains and major 
geologic features influencing groundwater movement (after Perry et al. 2003:Figure 7.1). 
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The Holbox Fracture Zone is located near the eastern edge of the Yucatán 

Peninsula, and runs for about 100 km from the coast in the north to the Cobá lakes in the 

south, and has a width of 30-40 km (Figure 1.8).  The surface expression of this feature 

includes elongated north-south trending seasonally flooded swales dominated by wetland 

vegetation.  Weidie (1985) initially identified the fracture zone as a series of lineaments 

of unknown origin.  Southworth (1985) used remote sensing data to map the swales. And 

more recently, Gondwe (2010) conducted airborne electromagnetic mapping over the 

southern extensions of the Holbox fracture zone and found lower resistivity values above 

the fractures compared to the surrounding bulk rock zone, indicating increased porosity 

and permeability. 

 The Yalahau region is a distinct physiographic zone occupying the northern half 

of the Holbox Fracture Zone where wetlands are most prominent (Dunning et al. 1998; 

Fedick and Taube 1995).  The region measures about 50 km north-south by 40 km east-

west and includes 175 freshwater wetlands that cover an area of about 134 km2 (Fedick 

and Mathews 2005:36).  The topography is generally less than 20 m asl, with elevations 

in the wetlands being close to sea level (Figure 1.9).  In addition to wetlands, the main 

geographic features of the Yalahau region are slightly undulating well-drained uplands 

and coastal dunes.  On the landward side of the dunes is a 5-km wide strip of 

impermeable surface calcrete, called tsekel, which acts as an aquitard.  The south 

boundary of the tsekel zone represents a groundwarer seepage zone (Perry 2003:124).  

Also characteristic of the Yalahau region are broad, shallow, soil filled depressions called 

rejolladas, and collapse features including cenotes and caves.   
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Figure 1.8.  Shaded relief map of the Yucatán Peninsula showing the location of the 
Holbox Fracture Zone (image from NASA). 
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Figure 1.9.  Map showing elevations in the northeastern Yucatán Peninsula.  The Yalahau 
wetlands can be seen running down the center of the image (Map Data: NASA’s Shuttle 
Radar Topography Mission [SRTM]).   
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Hydrogeology 

 Tulaczyk (1993) conducted the first detailed hydrogeological study of the Holbox 

Fracture Zone.  He proposed that the buried fractures guided the development of large, 

elongated, flat-bottomed, enclosed basins (known to geologists as poljes, to locals as 

sabanas, and referred to here as wetlands).  The wetlands form from solution corridors 

(preexisting shallow, long, natural topographic depressions) whose floors intersect the 

local water table.  Once solution corridors intersect the water table, further deepening is 

prohibited.  Thus, Yalahau wetland floors reached the water table by the combined 

processes of dissolution, plus Holocene sea rise and consequent water table rise 

(Tulaczyk et al. 1993).  Tulaczyk (1993) suggests the Holbox fractures exist in tertiary 

deposits, which lie well beneath the surficial Carrillo Puerto formation which dates to the 

Mio-Pliocene.  The fractures may have been produced by Carribean plate movements 

during the Eocene epoch (Perry et al. 2003:115). To explain how a buried structure 

(Holbox) can control the process of surface karstification, Tulaczyk (1993:133) proposes 

a simple “replication model” in which one sees “preferential development of karst 

depressions above buried zones of high permeability”.  In other words, the high 

permeability fractures create a localized depression in the water table.  More water flows 

towards these depressions in the water table, which in turn focuses karst processes above 

this zone of increased flow.   

 More recently, Charvet (2009) has developed the first regional hydrogeological 

model of northern Quintana Roo.  He measured water table elevations in 34 wells and 

cenotes across the Holbox Fracture Zone, to determine the shape of the water table and 
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assess the impact of Cancun pumping-wells on the aquifer.  Water table elevations ranged 

from 0-2.5 m asl, and generally increased with distance from the coast, but the trend is 

not perfect, partly due to the heterogeneity of karst aquifers and partly due to his low 

number of sampling points (Figure 1.10).  Based on the hydraulic heads, Charvet (2009) 

created a flow model and found that groundwater in the rock matrix in the Yalahau 

region is flowing southwest to northeast, contrary to previous studies suggesting if was 

flowing primarily northward (Figure 1.11).  But, in the conduits of the Holbox fractures, 

groundwater is flowing south to north, so that water from Sian Kaan, and further south in 

Quintana Roo, passes through many of the Yalahau wetlands and exits at the north coast.  

This groundwater thus plays a role in ecosystems of protected areas such as El Edén and 

Yum Balam. Very high hydraulic conductivity of fracture zones like Holbox means these 

are preferential flow paths moving large volumes of water quickly, and transferring 

pollutants long distances.  This is currently an important environmental health issue 

because the aquifer beneath the Yalahau region is the main source of drinking water for 

Cancun and the Maya Riviera.  Charvet (2009) also found that the Cancun pumping wells 

had little influence on adjacent hydraulic heads, indicating that the aquifer is not being 

depleted in this area. 

  Tulaczyk (1993) suggested the aquifer is exposed in the wetlands.  Charvet 

(2009) took water table elevations around the Yalahau region, and found that the water 

table elevation is consistently at a height of 1-2 m asl.  Since the lowest parts of most 

wetlands (based on topographic maps and Shuttle Radar Topography Mission [SRTM] 

data) are around 1 m asl, this confirms Tuzalcyk's (1993) assessment of wetlands as  
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Figure 1.10.  Water table elevations in the northeastern Yucatán Peninsula (after Charvet 
2009:Figure 36). 
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Figure 1.11.  Model of groundwater flow lines in the Yucatán Peninsula (after Charvet 
2009:Figure 39).  
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exposures of the water table.  Other new studies suggest that in some wetlands, the 

phreatic water table (unconfined aquifer) may be separated by a calcrete aquitard (lying 

just a few meters below surface) from a lower aquifer or water-filled cave or fracture 

(Villasuso Pino and Pech Arguelles 2009).  Such an aquitard is known to exist at the 

coast (see Bauer-Gottwein et al. 2011:514; Derse et al. 2008; Perry et al. 2003:123). 

  The hydraulic gradient of the aquifer is very low, about 2 cm/km (Perry et al. 

2003:120), indicating water is moving fairly slow underground.  This low hydraulic 

gradient is offset by turbulent flow in conduits (which accounts for the majority of 

underground flow) and conduit flow in turn is influenced by substrates of varying 

porosity: primary, secondary (fractures), and tertiary (e.g., underground caves and rivers; 

Bauer-Gottwein et al. 2011; Charvet 2009).  The northern Yucatán Peninsula contains 

some of the world’s longest underground rivers (see Beddows 2004; Smart et al. 2006).  

As mentioned above, groundwater mainly flows north, but sometimes east, and exits in 

submarine cenotes called ojos de agua. The main groundwater recharge zone for the 

northeastern peninsula is west of Yalahau near Chemax (see Charvet 2009:Figure 27).  

Conversely, groundwater is lost to coastal discharge and evapotranspiration.   

 

Water 

Throughout the Tertiary period as sea level dropped and exposed the Yucatán 

Peninsula, dissolution of limestone created a heavily karstified landscape marked by 

thousand of sinkholes called cenotes (Back 1985) and subterranean conduits, fractures, 

and caves.  Due to the extremely porous nature of the limestone bedrock and the thin soil 
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mantle, rainwater quickly infiltrates the ground and ends up in the aquifer.  In the 

northern half of the Yucatán Peninsula there are no rivers and few surface water bodies 

(Back 1985; Weidie 1985).  Freshwater thus primarily exists as groundwater, and must be 

accessed through cenotes, caves, and wells.  Tulaczyk (1993) estimated aquifer thickness 

in the southern part of Yalahau at about 120 m.  However, data from Aguakan wells 

reported by Charvet (2009) put the aquifer at only 30-40 m thick.  The freshwater aquifer 

floats atop a salt-water intrusion extending up to 100 km inland (Perry et al. 2003:121).  

Thus the elevation of the water table is controlled by sea level.  Gradual sea rise over the 

Holocene has flooded many caves and cenotes (e.g., van Hengstum et al. 2010) and 

brought the freshwater table fairly close to the surface (within 5 m in the Yalahau region 

and the northernmost part of the Yucatán Peninsula).  In the Yalahau region where 

wetlands expose the water table, fresh water is readily accessible.  

 Cenotes occur in a multitude of shapes and sizes.  They are the most ubiquitous 

and important landscape feature in the northern lowlands and have played for thousands 

of years (and continue to play today) an integral role in the human-ecological relationship 

(Munro et al. 2011).  Some are shallow and soil-filled, while others connect directly to 

the water table and extensive underground cave systems.  Over 7000 have been 

catalogued in Yucatán Peninsula (Steinich 1996), and at least 100 are known in the 

Yalahau region.  Ancient Maya sites are always associated with cenotes (Bell 1998; 

Glover 2006).  They were utilized both for drinking water and ritual, as well as farming 

in soil-filled varieties called rejolladas (Gómez-Pompa et al. 1990; Kepecs and Boucher 

1996; Munro-Stasiuk and Manahan 2010).   



70 

  
 Wetlands in the Yalahau region range in size and configuration as well.  Wetlands 

in the east and north are generally flatter and wider, while those in the south and west are 

narrower and more steep-sided.  They flood for approximately 5 months during the rainy 

season, both serving as rain catchments and flooding due to water table rise.  During the 

rainy season, wetlands flood with .5 to1 m of water.  However in hurricane years (e.g., in 

2005 with Hurricane Wilma), wetlands may flood with two or more meters of water, and 

may take multiple years to return to pre-hurricane levels.  During the height of the dry 

season, wetlands appear as open grasslands – soil may be moist but water is restricted to 

a few permanent lagoons and cenotes in deeper parts of the wetland (Figure 1.12).   

 

Climate, Rainfall, Hurricanes, and Fires 

 The climate of the Yucatán Peninsula is classified as hot subhumid according to 

the Köppen classification (Giddings and Soto 2003:79).  Since precipitation arises mainly 

from convection of humid air along the Caribbean, a decrease in rainfall is seen as storms 

move from east to west across the peninsula.  Average annual precipitation along the east 

coast ranges from 1200-1500 mm, while it hovers around 1000 mm along the west coast.  

Precipitation also decreases from south to north, from 1300-1500 mm/yr in the south to 

500-1000 mm/yr in the northwest (Giddings and Soto 2003; INEGI 2011; Figure 1.13).  

The Yalahau region in the northeast corner of the peninsula receives more rain than the 

rest of the north partly due to its proximity to the Caribbean, but also to due to the 

“double sea-breeze effect”, in which the convergence of sea breezes coming from the  
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Figure 1.12.  Media Luna wetland during (a) the dry season of April 2009 and (b) the 
rainy season of September 2006 (photo by Gustavo Tuz Ramirez).  

a 

b 
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Figure 1.13.  Map showing rainfall countours (mm/yr) in the Yucatán Peninsula and the 
location of the Yalahau region (Map Data: INEGI). 
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Gulf and the Caribbean generate numerous thunderstorms (Williams 1976).  Precipitation 

is also highly seasonal, as the peninsula is under the influence of the Intertropical 

Convergence Zone (ITCZ).  The low-pressure ITCZ and the Bermuda-Azores (also called 

North Atlantic Subtropical High) migrate northwards during summer and create a rainy 

season lasting from May through October.  In winter, the system moves to the south and, 

combined with Atlantic Ocean cooling and stronger jet streams, reduces precipitation 

during the months of November through April (Carillo-Bastos and Islebe 2010:190).  The 

following summary of climate in the Yalahau region is based on Comisiòn Nacional del 

Agua (CNA 2008) meteorological data from the town of Kantunilkin in the west central 

part of the Yalahau region: Mean monthly temperature ranges from 21.3 °C (January) to 

26.9 °C (July-August).  Annual precipitation is 1288 mm, about 75 percent of which falls 

during a rainy season from May to October. (CNA 2008, Kantunilkin station, 1953-

2009).  Mean annual evaporation is 1171.40 mm (CNA 2008, Kantunilkin station, 1965-

2009), indicating an annual water surplus of about 100 mm.   

 The more substantial rainfall in the Yalahau region relative to northern and 

western parts of the peninsula should benefit local farmers, but the area is also a magnet 

for devastating hurricanes.  Several recent articles have been dedicated to the effects of 

hurricanes on various components of ecosystems in northern Quintana Roo (e.g., 

Garrido-Perez et al. 2008; Goode and Allen 2008; Vargas and Allen 2008).  According to 

the National Oceanic and Atmospheric Administration’s (NOAA) National Hurricane 

Center, 21 hurricanes have struck the Cancun area since 1873 (NOAA 2012).  Twenty-

one hurricanes over 138 years (1873-2011) gives an average of one hurricane every 6.6 
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years.   Most recently, Hurricane Wilma struck Cancun on October 22, 2005, with 220 

kmph winds, damaging buildings, forests, and crops as it slowly crossed the peninsula 

(Figure 1.14).  It caused around 3 billion dollars in damage and is the most intense 

hurricane on record for the Atlantic Basin.  It also dumped an excessive amount of 

rainfall, which kept low-lying areas flooded for many months beyond the usual end of the 

rainy season (Hernández Unzón and Cirilo Bravo 2005).  Isla Mujeres received over 1576 

mm in 24 hours, and Kantunilkin in October 2005 received 569 mm of rain, over three 

times the average for that month and the greatest amount of rainfall for any month since 

1952 (CNA 2008).   

Hurricanes do short-term damage to forests by toppling large trees, but Whigham 

et al. (2003) found little long-term change in species composition in hurricane-damaged 

plots.  In general, the forests of the northeastern Yucatán Peninsula are well adapted to 

hurricanes.  Post-hurricane forest fires pose a much greater threat.  Snapped trunks and 

branches, and leaves stripped from trees, provide a massive amount of fuel for forest 

fires, which compound the initial damage done to ecological communities.  The human 

toll is also significant.  Immediate effects include loss of life and property, while delayed 

effects include loss of crops and wild game animals (Dunning and Houston 2011).  

Hurricanes tend to strike when crops are either reaching maturity, or are ready to harvest 

but still drying in the field.  Immature corn that is flattened by wind will die.  Mature corn 

that is either still in the field or stored in a corn crib may survive unless the milpa floods 

and it sits in water for days.  Extensive crop damage can quickly lead to famine, which 

presumably would have been more difficult to remedy in ancient times than it is today.   
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Figure 1.14.  Image showing Hurricane Wilma approaching the Yucatán Peninsula 
(image from NOAA). 
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Susceptibility of crops to storm damage, however, depends in part on the crop 

mix.  Nevertheless, considering the modern frequency of hurricanes hitting the 

northeastern Yucatán Peninsula, these events must have played a major role in the lives 

of the ancient Maya of the Yalahau region, perhaps even causing the abandonment of 

sites or the region at various times.   

Forest fires occur every year regardless of there being a hurricane (Figure 1.15).  

They may be caused by likening strikes, but more often result from slash-and-burn fires 

that get out of control.  However, since hurricane winds usually kill trees by toppling 

them or stripping their leaves off, fires occurring in post-hurricane dry seasons have 

considerably more fuel to work with.  Hurricanes and fires may in some instances open 

up new patches of land for people to exploit; however, these natural disasters rarely 

consume trees totally.  Instead, they create a disorienting landscape of downed trees and 

thorny regrowth that makes navigation and passage very difficult.  Hurricanes and fires 

obscure or destroy the few natural landmarks that exist on the flat northern Yucatán 

Peninsula, such as cenotes, caves, trails, extremely large trees (e.g., ceibas), and stands of 

old growth.  Storm- and fire-damaged forests will remain unwelcoming landscapes until 

the medium-statured canopy is re-established.  

In the wetlands, the main effect of hurricanes is excessive flooding that may last 

for years.  After Hurricane Wilma in 2005, the depth of flooding in wetlands such as El 

Edén was about 2 m, compared to the normal rainy season flood depth of .5-1 m.  

Hurricane winds and rains may deposit large amounts of sediment and organic material 

(leaves, branches) into the wetlands.  They may also lead to erosion or re-deposition of  
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Figure 1.15.  MODIS sattelite image from March 25, 2013 showing fires (red circles) 
burning around the Yucatán Peninsula (image from NASA). 
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sediments within wetlands.  Future geoarchaeological research in the Yalahau wetlands 

should be able to elucidate this as it has done in other areas (e.g., in wetlands near Blue 

Creek [Beach et al. 2009] and along the central coast of Belize [McCloskey and Keller 

2009]).   

 

Soils 

 Soils in the northern Yucatán Peninsula are thin, generally less than 10 cm deep 

(see descriptions of the Northwest Karst Plain, Northeast Karst Plain, and Yalahau region 

in Dunning [1998]), but high in organic matter (greater than 30 percent, Allen et al. 

[2005]; Figure 1.16).  This is a function of the near absence of bedrock mineral inclusions 

(Perry et al. 2003), and also of the downward transport of soil material through the highly 

karstified terrain (Sedov et al. 2008).  Cabadas-Báez et al. (2010) recently addressed 

these issues in their study of differential pedogenesis of thin rendzina soils vs. thicker red 

clayed soils found in karst depressions and pockets. They found that bedrock minerals 

came from a variety of sources including volcanic, granitic, and metamorphic 

components, and that soils appearing very young are actually just highly weathered.     

 Bautista et al. (2003, 2004) have conducted soil surveys in Yucatán state, where 

80 percent of the soils are Leptosols (also known as Rendzinas: shallow soils developed 

atop weathered limestone and marl).  Leptosols are highly heterogeneous, and (Bautista 

et al. 2005) demonstrated that using micro-relief as a criterion can help refine 

classification of Leptosols for agricultural development and conservation purposes.  The 

authors compared indigenous Maya soil classification schemes to that of the World  
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Figure 1.16.  Rocky milpa near Kantunilkin.   
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Reference Base for Soil Resources (WRB), and found that the Maya incorporate 

qualifiers like stoniness, depth, color, and micro-topographic position, which can be tied 

to important soil chemical and mineralogical properties (Bautista et al. 2005; Bautista and 

Zinck 2010) 

 In his research on the Chunchucmil region of northwest Yucatán state, Beach 

(1998:759) states “The major soil limitations are shallowness, broad areas with no soil, 

insufficient water holding capacity, and variable deficiencies in phosphorous, potassium, 

and zinc.”  Despite these limitations, many parts of the northern Yucatán Peninsula 

supported dense populations and practiced intensive agriculture.  In the Yalahau region, 

ancient farmers also had to adapt to thin soils, soil loss due to vertical transport, and low 

Phosphorus, but several drawbacks of tropical soils (e.g., acidity, low humus content, 

poor structure) seem to be absent in the Yalahau soils (Sedov et al. 2008). 

 Research at the El Edén Ecological Reserve documented differences in soil 

composition moving from upland forest areas to inundated wetlands (Sedov et al. 2007, 

2008).  Upland soils are Rendzinas with high humus levels (greater than 8 percent 

organic carbon) and high clay content (50-70 percent) indicating a high degree of 

weathering.  Small karst pits and depressions found in upland areas contain deeper 

pockets of Leptic Gleyic Phaeozems with greater than 15 percent organic carbon.  Zones 

of transitional forest between uplands and wetlands are polygenetic – Calcisols with a 

periphyton crust sit on top of Cambisols, suggesting a recent expansion of the wetlands to 

an area previously supporting upland vegetation.  Finally, the wetland soils are classified 

as Leptic Calcisols (shallow soils with substantial secondary accumulation of CaCO3).  
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Surprisingly, they are thinner than the upland Rendzinas and lower in organic material 

(Sedov et al. 2008).  Leptic Calcisols are rich in phosphorous but low in nitrogen and 

organic carbon, while the reverse is true for the upland soils (Allen and Rincon 2003).    

 Flores-Delgadillo et al. (2011) analyzed soil quality in homegardens in the village 

of Naranjal in the southern part of the Yalahau region.  Soils were classified as Rendzic 

Leptosols, and were shallow, well-structured, and had an abrupt contact with bedrock.  

Soil depth was more varied here than at the archaeological site of T’isil or the El Edén 

ecological reserve.  Organic matter content is high, pH is 7.1-8, soils have medium to 

high levels of hydraulic conductivity, and have good transport of air, heat, water, and 

soluble substances.  However, highly variable soil depth can create problems for 

development of the root system, and phosphorous retention is another limiting factor.  

Naranjal residents overcome the depth issue by planting in small bedrock holes with 

deeper soils (Fedick et al. 2008), and the phosphorous issue is ameliorated by application 

of manures, food refuse, green fertilizer, forest soils, and possibly algae (periphyton).   

 More recently, Solleiro-Rebolledo et al. (2011) returned to El Edén wetland to 

study a topographic sequence from the edge of the wetland to the center to refine their 

understanding of pedogenisis of wetland Calcisols.  They studied several profiles along a 

400-m long east-west transect.  Soil depth at each profile was less than 75 cm.  The 

authors noted substantial secondary carbonate accumulation in flooded parts of the 

wetlands.  For this reason, they identified the dominant soil unit in the El Edén wetland as 

a Calcisol, which is contrary to peats and gleys that typically characterize tropical 

wetland soils.  What this means is that the dominant process controlling soil formation in 
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the El Edén wetland is carbonate accumulation (facilitated by algae when the wetland is 

flooded).  During photosynthesis, algae consume carbon dioxide (CO2) dissolved in the 

water, which displaces the bicarbonate (soluble) – carbonate (low solubility) equilibrium 

and causes carbonate to be precipitated out of the water and build up in the sediments.  In 

other words, because the bicarbonate concentration in the water is reduced, the carbonate 

concentration must be reduced in step, and this works by shedding carbonate out of the 

water column and into sediments through precipitated micrite.  The minor organic matter 

component of wetland soils originates from the remains of vascular wetland plants.  

When the wetland has deeper water levels and is more frequently flooded, algae develops 

on the surface and causes the buildup of carbonate soil horizons.  Conversely, when the 

wetland is dry (soil may be saturated, but not flooded), algal activity is reduced and thus 

so is the buildup of carbonate soil horizons.  Instead, more wetland vegetation grows, 

dies, and accumulates as organic material on the surface.  Thus, profiles showing 

alternating horizons enriched in organic material and carbonates reflect long term 

dynamics of water levels in wetlands.  This has important implications for current plant 

distributions and ancient Maya use of wetlands: in soils with high quantities of secondary 

carbonates (Calcisols), phosphorous is fixed in the soil and unavailable to plants, pH is 

high, and soil structure is poorly developed.  Such soils support very few plant species 

today and would likely have been unsuitable for agriculture in the past.  Organic wetland 

soils, on the other hand, mainly found toward the edges of the wetland, even though they 

are thinner, support much greater plant biodiversity and have physical and chemical 

properties more suitable to farming.   
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Periphyton    

 During the rainy season, communities of attached algae (periphyton) flourish in 

the shallowly-flooded wetlands of the Yalahau region ( 

Figure 1.17).  Because periphyton produces large quantities of nitrogen and phosphorous, 

it has been suggested that this algae was collected by the Maya and used as biofertilizer 

in upland gardens and fields (Morrison and Cozatl-Manzano 2003; Palacios-Mayorga et 

al. 2003).  There is some archaeological evidence to support this: a handful of tiny algae-

dwelling mollusks were recovered at the archeological sit of Makabil, located 2 km east 

of the wetland at El Edén.  Palacios-Mayorga et al. (2003) also conducted greenhouse 

experiments and found periphyton is as good as modern organic fertilizers.  Wetlands that 

dry out seasonally tend to be more productive than permanent water bodies because 

decomposing plants release inorganic nutrients to the soil (Horne and Goldman 1994).  

Periphyton plays an important role in this seasonal nutrient flux.  Novelo and Tavera 

(2003) found that concentrations of nitrate and ammonia are higher in soil than in 

periphyton during both the dry season and the flooded rainy season.  Phosphorous 

follows the same pattern, but there is a marked increase in phosphorous concentrations 

transitioning from the flooded period to dry period.  Periphyton is thus responsible for 

returning phosphorous to the soil when the wetland dries out sometime around 

December.  Nitrogen, on the other hand, is reduced both in soil and in periphyton during 

the dry season due to lower rates of fixation.  In any case, Novelo and Tavera (2003) 

suggest systematic harvesting of periphyton from the wetland for use as fertilizer could 
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have negatively impacted nutrient cycles and thus the entire wetland ecosystem.  This is 

an interesting point – perhaps  
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Figure 1.17.  Periphton (algae): (a) in the dry season; (b) in the wet season.   

b 

a 
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periphyton would have been more useful left in the wetland.  Perhaps the nutrient transfer 

during the dry season would have made the seasonally dry wetland soils suitable for 

crops such as corn.  The problems to overcome at that point would be nitrogen limitations 

and shallow soils.   

 

Vegetation and biodiversity 

 In the Yucatán Peninsula, canopy height, topographic relief, and rainfall generally 

decrease from south to north (Dunning et al. 1998).  The forests of the Yalahau region 

have been classified as transitional between tropical semi-deciduous and semi-evergreen.  

Vargas and Allen (2008:2) note that “land use change, recurrent fires, and hurricanes 

have created a mosaic of successional forests where mature forests are scarce.”  

However, abundant rainfall and the presence of wetland habitats support some of the 

highest levels of biodiversity seen in the northern Yucatán Peninsula (Lazcano et al. 

1992, 2008; León-Cortés et al. 2003; Moreno et al. 2003; Schultz 2001, 2005).  Many 

studies at the El Edén Ecological Reserve have quantified the diversity of animals from 

spiders to jaguars (e.g., Gómez-Pompa et al. 2003; Lazcano et al. 2008).  Such resources 

would have made the Yalahau region very attractive to early Maya settlers in the northern 

lowlands.  Schultz (2003, 2005) conducted an inventory of the vascular flora of the El 

Edén Ecological Reserve, and she divided the vegetation into five types:   

• Selva mediana - medium-statured, semideciduous forest with 10-15 m canopy.  

Important species are chicozapote (Manilkara zapota), black chechem (Metopium 

brownei), gumbo-limbo (Bursera simaruba), Florida thatch palm (Thrinax 
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radiata), and occasionally breadnut (Brosimum alicastrum), fig (Ficus pertusa), 

and longspike acacia (Acacia dolichostachya).   

• Acahual - secondary semideciduous forest of varying ages with 7-10 m canopy. 

• Tintal – swamp forest that is inundated for 4-6 months each year.  Tintal includes 

a patchwork of thickets of trees and shrubs combined with open areas of sedges 

and occasional trees.  Important species are palo tinto (Haematoxylon 

campechianum), Eugenia winzerlingii, Erythroxylum confusum, and nance 

(Byrsonima bucidaefolia).  Shrubs include Jacquinia macrocarpa and white 

indigo berry (Randia aculeate).  Open areas are dominated by the sedge 

Rhynchospora nervosa and include herbs such as Cuphea guameri, Spermacoce 

verticillata, Heliotropium ternatum, and Evolvulus alsinoides.   

• Savanna – open areas subject to inundation and dominated by sawgrass (Cladium 

jamaicense), spikerush (Eleocharis sp.), and tasiste palm (Acoelorraphe wrightii).  

There are large stands of southern cattail (Typha domingensis) and common reed 

(Phragmites australis).  Common herbs are the water snowflake (Nymphoides 

indica), bulltongue arrowhead (Sagittaria landifolia), water hyssop (Bacopa 

procumbens), matchweed (Lippia nodiflora), Lippia stoechadifolia, beach 

spiderlily (Hymenocallis littoralis), and camphorweed (Pluchea symphytifolia), 

and the shrubs Solanum donianum and Ouratea lucens.  There are also scattered 

individuals of calabash (Crescentia cujete).    
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• Aquatic Communities in permanent water bodies – includes water lily (Nymphaea 

ampla), swamp smartweed (Polygonum hydropiperoides), water primrose 

(Ludwigia octovalvis), and bladderwort (Utricularia gibba).    

 

Cultural History of the Yalahau Region 

Yalahau Regional Human Ecology Project 

 Since 1993, the Yalahau Regional Human Ecology Project (YRHEP) has 

investigated the archaeological and environmental history of northern Quintana Roo 

(Fedick and Taube 1995).  Prior to the YRHEP, archaeologists conducted only limited 

investigations in the region (Escalona Ramos 1946; Sanders 1955, 1960), leaving a gap in 

our knowledge of the Yalahau region compared to surrounding areas.  The YRHEP has 

helped fill this gap, providing a more comprehensive understanding of ancient Maya 

activities in the region (Fedick and Mathews 2005; Fedick et al. 2006).  Much of the 

YRHEP research has concentrated on the sites of Naranjal, T’isil, and the El Edén 

wetland (Figure 1.18).  Components of the YRHEP have included ritual use of caves 

(Rissolo 2001), monumental architecture (Mathews 1998; Taube 1995), the relationship 

between site location and natural resources (Bell 1998; Fedick and Hovey 1995; 

Goossens 2005; Lizama Aranda 2006; Morrison 2000), use of wetlands (Andersen 2001; 

Fedick et al. 2000), civic planning (Sorensen 2010; Sorensen and Fedick 2006) and three-

dimensional reconstruction to study ritual use of space (Vadala 2009), regional settlement 

and political configuration (Amador Berdugo 2005; Glover 2006), Postclassic 

resettlement (Hoover 2003), ritual architecture (Lorenzen 2003), and mural painting  
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Figure 1.18.  Yalahau region showing the distribution of Maya sites and wetlands.   
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 (Gallareta Negrón and Taube 2005), paleoenvironmental reconstruction (Wollwage 

2007), ethnographic studies (Heidelberg and Rissolo 2006; Hovey and Rissolo 1999; 

Marquez Mireles 2000), and archaeological tourism (Walker 2003).  Three prior YRHEP 

studies are particularly relevant to this dissertation: the El Edén wetland survey, regional 

settlement pattern investigations, and the paleoenvironmental reconstruction.   

  

The El Edén Wetland Survey 

 The rock alignments discovered in the El Edén wetland represent the only 

documented evidence for wetland manipulation in the northern Maya Lowlands (Figure 

1.19).  Full coverage survey of the El Edén wetland during 1996 and 1997 recorded 78 

alignments throughout the 4.16 km2 wetland, indicating a large labor investment (Fedick 

1998; Fedick et al. 2000).  The alignments are typically constructed of a single course of 

limestone slabs, less than .5 m tall, and range in length from a few meters to over 700 m 

(Figure 1.20).  The majority of alignments at El Edén are found on the borders of soil-

filled depressions or crossing shallow channels within the wetland.  Current hypotheses 

propose that the alignments served to control soil and water movement in order to 

facilitate cultivation of domesticated crops and the manipulation of useful biological 

resources of the wetland such as edible plants, fish and snails, or biofertilizer 

(periphyton).  No datable archaeological materials were found in direct association with 

any alignments, but the features were likely built and maintained by residents of the 

nearby site of Makabil, which was occupied during the Late Preclassic period and  
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Figure 1.19.  El Edén wetland showing the distribution of rock alignments (map by Scott 
Fedick).   
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Figure 1.20.  Alignment 41 (700 m long) at El Edén (photo by Scott Fedick).   
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abandoned around A.D. 350 (Morrison 2000, 2006; Morrison and Cozatl-Manzano 

2003).   

 

Settlement Pattern Studies 

 
 Recent settlement pattern research by Glover (2006) and intensive investigation at 

the site of T’isil (Fedick 2006) have demonstrated that the Yalahau region has a much 

greater density of sites, and had a higher prehispanic population, than expected based on 

earlier studies (Escalona Ramos 1946; Sanders 1955, 1960).  Glover’s survey identified 

52 new sites, bringing the total number of recorded sites in the Yalahau region up to 93 

(see Figure 1.18).  Settlers arrived in the region as early as the Middle Preclassic period 

(700-200 B.C.), as evidenced by ceramics from a handful of surface sites (Fedick and 

Mathews 2005; Glover and Amador 2005) and numerous caves investigated in the 

southern part of the project area (Rissolo 2003, 2005).  However, the Late Preclassic 

period to the beginning of the Early Classic period (ca. 100 B.C. – A.D. 350/450) is 

clearly the time of cultural florescence in the Yalahau region.  The vast majority of 

ceramics from surface collections and test excavations date to this period, and nearly all 

major architecture can also be attributed to this time (Glover 2006).   

 Beginning sometime during the Early Classic period and lasting into the Terminal 

Classic period (ca. A.D. 450-1200), the Yalahau region witnessed widespread 

depopulation.  Few ceramics from these times have been recovered, and significant 

architectural construction seems restricted to the Terminal Classic site of Vista Alegre, 

situated on the north coast of the Yalahau region (Rissolo and Glover 2006).  The long 
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Classic period abandonment of the Yalahau region corresponds with political and 

demographic expansion of northern lowland polities such as Cobá to the south (Folan et 

al. 1983; Folan et al. 2009; Robles Castellanos 1990), Chikinchel to the west (Kepecs 

1998), and Ek Balám to the southwest (Bey et al. 1998; Figure 1.21).  Political or 

economic motivations may have attracted Yalahau residents to these other areas, but 

disruption of the Yalahau wetland ecosystem by climate change is also a viable 

hypothesis.  In the subsequent Postclassic period (A.D. 1200-1521), people returned to 

the Yalahau region, reoccupying many of the Preclassic settlements (Glover 2006; 

Hoover 2003).  The motives for this reoccupation may also have been related to 

environmental changes discussed below.   

 The Middle Preclassic occupation of the Yalahau region is represented by several 

ceramic groups (Achiote, Chunhinta, Dzudzuquil, Joventud, and Kin) which are similar 

to the Early Nabanche complex identified at Komchen.  This led Rissolo et al. (2005) to 

propose a model in which the first settlers in Yalahau region migrated from the 

northwestern part of the Yucatán Peninsula.  However, at the north coast site of Vista 

Alegre, the Middle Preclassic period is represented by Mamom materials, including 

savanna orange and joventud slipped figurine fragments (Glover, Rissolo, Ball, and 

Amador 2011).  Mamom ceramics are characteristic of Belize and the Petén, and are 

uncommon in the north.  The first Vista Alegre inhabitants thus appear to represent a 

separate migration into the Yalahau region from that coming from the northwest.  As 

population expands in the Late Preclassic period, an increase in the number of ceramic 

groups is also seen.  Fifteen groups have been identified, but three dominate: Carolina,  



95 

 
 
Figure 1.21.  Map of the Yalahau region showing the location of Chikinchel, Ek Balam, 
and Cobá.   
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Sierra, and Tancah.  Since Carolina bichrome and Sierra have strong precedents in the 

Middle Preclassic Dzudzuquil group, the Late Preclassic population increase in the 

Yalahau region can be explained by internal demographic growth (rather than substantial 

in-migration from other areas; Glover 2012) 

 Glover and Stanton (2010), modifying Ceballos Gallareta and Jiménez Álvarez’s 

(2006) model, suggest five spheres operating in the northern Yucatán Peninsula at the 

Preclassic/Early Classic transition: Puuc, northern plains, central Yucatán, east, and 

Yalahau.  The Yalahau sphere is defined by an abundance of Carolina bichrome incised, 

plus Sierra and Tancah groups. These three comprise 85 percent (6352 sherds) of the Late 

Preclassic/Early Classic material from the Yalahau regional ceramic sample (Amador 

Berdugo 2005; Glover and Stanton 2010:67).  The Carolina group is rare in surrounding 

areas, highlighting its importance within the Yalahau region. 

 Ongoing archaeological work (Glover, Rissolo, and Mathews 2011) in the 

Yalahau region is focused on the north coast site of Vista Alegre.  The settlement history 

of this site shows a quite different picture from that of the rest of the Yalahau region.  

The authors aim to understand Vista Alegre’s role in the coastal trade network, how the 

residents dealt with a complex environment, and how their identity differed from that of 

Maya people living inland in the Yalahau region.  Additionally, they are investigating 

resilience of the Vista Alegre community in face of major depopulation of Yalahau 

region around A.D. 400.   

 Ceramic chronology issues have created difficulties in securely dating cultural 

periods in the Yalahau region.  Due to the lack of deeply stratified deposits, materials 
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suitable for radiocarbon dating, and monuments with Long Count dates, the Yalahau 

region cultural chronology has largely been established through ceramic cross-dating.  

This is a common practice at sites in the northern Maya Lowlands, but it is not ideal.  For 

example, while the Huachinango ceramic group was made and used at Cobá from A.D. 

400-500, the origin date and length of use of Huachinango in the Yalahau region may be 

different.  But without radiocarbon-dated Huachinango deposits in the Yalahau region, 

Yalahau Huachinango material must be assumed to date to the same time period as it is at 

Cobá.  A much greater problem is that many of the Late Preclassic and Early Classic 

groups have been inconsistently dated at different sites.  For example, the Carolina group 

is dated to the Early Classic at Cobá but to the Late Preclassic at Ek Balam.  Glover 

(2006) was thus forced to lump all Late Preclassic and Early Classic material into single 

time period that lasts from 200 B.C. to A.D. 600, and to treat any sites falling within this 

range as contemporary.  Despite these issues, Glover and Stanton (2010) believe they can 

isolate a Terminal Preclassic period (75 B.C./A.D. 100 – A.D. 400), mainly due to the 

scarcity of Early Classic markers like polychromes (Timucuy and Dos Arroyos Orange 

groups) and groups (Sabán, Cetelac, and Balanza) that are firmly associated with the 

Early Classic (ca. A.D. 300-600). 

  

Paleoenvironmental Studies 

 Paleoenvironmental reconstructions from the eastern portion of the Yalahau 

region suggest that, despite climatic drying, the water table was rising during the Late 

Preclassic period and may have peaked at the beginning of the Early Classic period, 
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potentially disrupting wetland cultivation (Wollwage 2007; Wollwage et al. 2012).  

Analysis of mollusk shells in sediment cores extracted from Cenote T’isil and the nearby 

wetland indicate that soil conditions were generally wetter, but unstable, between A.D. 

300-800 than they had been in previous times.  Wollwage (2007:96) estimates that the 

water table at A.D. 300 was 1 m lower than it is today.  This fits well with circum-

Caribbean records of late-Holocene sea-level rise, which pushes up groundwater in low-

lying coastal plain areas (Dunn and Mazzullo 1993; Froede 2002; Torrescano and Islebe 

2006; Toscano and MacIntyre 2003).  Pohl and Bloom (1996) cite this Late Preclassic 

rise in water table as the cause for abandoning the wetland agriculture fields at Albion 

Island in northern Belize.  It is possible that a similar process was occurring in the 

Yalahau region.  If use of wetlands and the rock alignment system at El Edén were 

adapted to a particular hydrologic regime, long-term changes in groundwater levels may 

have caused people to change their use of wetlands or perhaps even leave the region.  The 

paleoenvironmental reconstruction for the Yalahau region also suggests that the wetlands 

may have stabilized as shallow lakes during much of the Postclassic period, offering a 

distinctly different ecosystem than earlier times, and perhaps providing an incentive for 

Postclassic reoccupation (Wollwage 2007).  This interpretation of Postclassic exploitation 

of expanded lacusterine resources is supported by a high proportion of recovered fish 

remains from upper (Postclassic) portions of refuse middens (Goossens 2005) and 

numerous fish-net weights made from Postclassic sherds (Scott Fedick, personal 

communication 2009) recovered from the site of T’isil. 
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Adaptation and Resilience 

Resilience Theory 

 This dissertation allows the possibility to consider adaptation and resilience, 

similar to other studies that have shown evidence of natural or human-induced 

environmental change affecting the landscape, and particularly, agricultural systems.  In 

some cases the local agricultural strategy persists, other times it is modified to better fit 

the new conditions, and other times it is abandoned all together.   

 Resilience theory originated from ecology to analyze stability and change in 

human-ecosystem relationships.  It is increasingly being borrowed by archaeologists to 

provide a more nuanced or alternate view of societal “collapse”, looking at adaptation, 

reorganization, and regeneration of cultures and societies in the face of large scale trauma 

to the cultural system (McAnany and Yoffee; Middleton 2012; Scarborough 2009). 

Redman (2005) describes resilience as an adaptive cycle related to ecosystem succession.  

The cycle includes four phases: Phase 1 is exploitation, in which plants rapidly colonize a 

disturbed area (e.g., after a fire); Phase 2 is conservation, in which there is a slow 

accumulation and storage of energy and biomass; Phase 3 is release, when tightly bound 

biomass becomes fragile and the ecosystem suddenly collapses and releases stored 

biomass; and Phase 4 is reorganization, where resources are organized into a new system 

configuration (which may look similar to the old system) to take advantage of new 

opportunities in nature.  As applied to human societies, the exploitation phase 

encompasses the accumulation of capital (technologies, political organization, etc.); the 

conservation phase is characterized by maintenance of the social system that has been 
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created; the collapse or release phase occurs when people exceed the carrying capacity 

and degrade the landscape beyond repair, or when political turmoil or warfare 

incapacitates the organizational structure that was maintaining a highly productive 

landscape; finally, the reorganization phase occurs when people recolonize an area and 

reestablish the basic groundwork for exploiting the landscape.   

 Individual adaptive cycles occur at scales from the household to the nation, and 

may proceed at faster or slower speeds depending on scale.  Together, individual adaptive 

cycles exist in a nested hierarchy across space and time.  This nested hierarchy may 

promote stability, through social memory for example, but it may also promote instability 

if individual cycles become over-synchronized across scales, in effect allowing low-level 

transformations to snowball into a large-scale crisis (for example, many villages 

simultaneously refusing to pay taxes to leadership).  The key points of resilience theory 

are that both stability and transformation are inevitable, and that groups wishing to 

increase resilience must learn from past mistakes and accept that there will always be 

uncertainties to face.  Additionally, resilience theory suggests that “…humans, as 

individuals and as arranged into higher-level organizational units, are self-reflective - 

evaluating where they and their system are - and goal oriented. That is, they make 

decisions, in part, to move the system toward a desired state” (Redman 2005:74). 

   

Application to the Yalahau Maya 

 The Yalahau region was first settled around 700 B.C.  Rapid population growth 

and an increase in the construction of monumental architecture were underway by 50 
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B.C.  However, the region witnessed widespread abandonment around A.D. 400.  This 

abandonment lasted nearly 800 years, and populations returned to the Yalahau region 

around A.D. 1250.  Without dates on the rock alignments, it is difficult to assess how 

wetland use articulates with this occupation history.  Nevertheless, it seems the Yalahau 

region experienced at least one full adaptive cycle as described by Redman (2005).  As 

discussed in Chapter 4, this dissertation provides evidence that at least 19 wetlands were 

being manipulated.  Based on the number of rock alignments, some wetlands were being 

used to a greater degree than others, and this degree of manipulation does not necessarily 

correlate to the size of the closest site.  Various spatial scales can be identified in terms of 

social organization in the Yalahau region: individual sites and their associated wetlands 

(e.g., Makabil and El Edén); sub-regional political configurations or trade relations within 

the Yalahau (e.g., Glover 2006:Figure 7.12); the Yalahau region as a whole; and the 

northern Maya Lowlands.  Events in the Yalahau region were also happening at different 

temporal scales: decades, centuries, and millennia.  The current chronological framework 

for the Yalahau region only permits a view of events at the mulit-century to millennial 

scales, but with additional radiocarbon dating, especially of wetland archaeological 

features and paleoenvironmental sequences, this view will be refined.   

 Water table rise almost certainly did occur and create problems (as it did at 

Albion Island and Blue Creek in northern Belize) for residents of the Yalahau region, 

who, based on data collected for this dissertation, relied to a considerable degree on 

wetland production.  However, the Yalahau wetlands are not topographically all the 

same, and they do not all exist at the same elevation.  Just as water table rise appears to 
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have impacted Albion Island differently than it did Pulltrouser Swamp, and Chan Cahal 

differently than Birds of Paradise, so it seems it may have impacted various Yalahau 

wetlands differently.  Furthermore, we have seen how different responses and adaptations 

to the same environmental changes can lead some local agricultural systems to succeed 

where others fail.  Thus, why would we expect all wetlands being manipulated in the 

Yalahua region to fail at the same time?  Would the collapse of the El Edén operation 

somehow affect operations at other wetlands where water rise was less of an issue?  Is 

this a case of dynamics across the Yalahau becoming over connected (the nested 

hierarchy discussed by Redman [2005]), allowing small-scale transformations to 

synchronize and create a larger crisis?  In order to test such hypotheses, it is necessary to 

develop a detailed cultural and environmental chronology for the Yalahau region.  Such a 

chronology is currently not available.  Nevertheless, without all the details, it is possible 

to consider how an adaptive cycle played out in the Yalahau region.  

 

1.  Exploitation - initial testing of different agricultural or resources production strategies 

in the wetlands.  If the water table was already rising when the Maya first began 

exploiting the wetlands, the result could be a long term dynamic situation in the wetlands.  

The Yalahau Maya could therefore be viewed as spending most of their time in this 

exploitation phase, frequently trying to adjust their system by reconfiguring rock 

alignments or building new ones to alter exploitation techniques or focus on new 

econiches.   
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2.  Conservation – if ground water levels stabilized for several centuries in the Late 

Preclassic period, the Yalahau Maya, after initial exploration and testing of exploitation 

strategies, likely decided to build rock alignments for a fixed-use system to stabilize the 

landscape and ensure consistent returns.  However if water levels were never stable, or 

stable for only a short amount of time, then this conservation phase could be small to 

absent, and the exploitation phase could transition directly into a period of collapse and 

abandonment.   

 

3.  Collapse/Release - based on the Yalahau regional settlement chronology, a collapse 

phase was initiated at the beginning of the Early Classic period.  Water table rise 

documented by Wollwage (2007) suggests that this collapse was preceded or caused by 

natural environmental change (as it was at other wetland sites on the coastal plain of 

Belize).  While such environmental change certainly may have been a factor, other 

political or economic factors should be considered, such as greater socio-economic 

opportunities in adjacent regions.  In any case, for most sites in the Yalahau region, the 

collapse phase appears to have lasted much longer (ca. 800 years) than the previous 

exploitation and conservation phases.   

 

4.  Reorganization – communities returned to reoccupy the Yalahau region around A.D. 

1250, albeit with smaller overall populations and construction activities.  These 

Postclassic residents in many cases built and lived atop the foundations of earlier 

Preclassic buildings, reusing sites and structures that had been abandoned for centuries.  
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They also likely re-initiaed their exploitation of the wetlands with a focus on fishing.  The 

paleoenvironmental reconstruction by Wollwage (2007) suggests wetlands stabilized as 

shallow lakes during the Postclassic.  Furthermore, a high proportion of fish remains, as 

well as fish-net weights, have been recovered from Postclassic deposits at the site of 

T’isil.   

 

Research Questions and Hypotheses 

 The southern Yucatán Peninsula contains many inland freshwater wetlands, while 

in the north the majority of wetlands are coastal and brackish, and thus unsuitable for 

farming.  For this reason most of the investigations into, and much of our understanding 

of, wetland farming comes from the southern lowlands, particularly northern Belize, 

where a large area of perennial wetlands in the coastal plain were developed for farming 

with canals and raised fields (Gliessman et al. 1983; Hammond et al. 1987; Jacob 1995; 

Pohl, ed. 1990; Turner and Harrison, ed. 1983).  The discovery of rock alignments at El 

Edén is interesting because the Yalahau wetland system is geographically far from the 

traditional areas of wetland farming in Belize and Campeche.  The Yalahau system is 

also quite different in terms of its soils (mainly Cacisols), hydrology (being unassociated 

with rivers) and form of manipulation (rock alignments).  The current dissertation is thus 

relevant to the currently known geographic distribution (in terms of the Maya Lowlands) 

of wetland agricultural features.  If ancient Maya manipulation of the Yalahau wetlands 

extends significantly beyond the El Edén example, then the region would represent a new 

and important example of how the ancient Maya adapted agricultural systems to the great 
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diversity of ecosystems that are only recently being recognized across the Maya 

Lowlands.  

 As reviewed above, there is mounting evidence that climate change and human-

induced environmental degradation had a role in key cultural events such as the Terminal 

Classic collapse.  With regard to wetlands, geoarchaeological evidence has established 

that environmental change, particularly water table rise (pushed up by rising Holocene 

sea levels) in coastal plain wetlands, had key impacts on both the evolution of wetland 

landscapes and their history of use by Maya peoples.  In some cases (e.g., at Albion 

Island) there seems to exist a simple causal relationship: water table rise leads to ditching 

of the floodplain to lower groundwater levels; continued water table rise renders 

floodplain farming inefficient and fields are abandoned.  In other wetlands, even those 

located close to one another (e.g., Chan Cahal and Birds of Paradise), there is significant 

variation: in local landscape change; in time periods they were used, in the degree of 

planning involved, and in the success rate of management strategies.  

 Based on sediment cores from a cenote and nearby wetland, Wollwage (2007) 

argued that a similar water table rise was occurring in the Yalahau region in the Early 

Classic period.  Additional soil investigations and radiocarbon dating carried out in 

numerous wetlands across the region should help to clarify this water table rise and show 

how different Yalahau wetland landscapes evolved differently.  Furthermore, if water 

table rise can be demonstrated to have affected many wetlands in the region, this will add 

support to the suggestion that such water table rise rendered the wetlands unsuitable for 
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farming and subsistence activities and played a role in the Early Classic depopulation of 

the Yalahau region (similar to arguments made for wetland fields at Albion Island).   

  Questions guiding the dissertation project include: 1) What is the geographic 

extent of wetland manipulation in the Yalahau region; 2) What is the range of variation in 

environmental parameters – hydrology, soils, topography, and vegetation – in different 

wetlands, and how do differences in these parameters relate to the presence or absence of 

rock alignments or other engineering features; 3) What does the form and physical setting 

of rock alignments tell us about their function (in collaboration with Chmilar’s [2013] 

detailed studies of alignments at El Edén); 4) How might the use of wetlands across the 

Yalahau region have varied though time in response to natural environmental processes 

such as sea-level change and consequent long-term fluctuations in the water table; and 5) 

What is the relationship between the location of known ancient settlements and the 

development of nearby wetlands.   

  

Hypothesis 1: There is a correlation between the distribution of rock alignments and the 

hydroperiod (flood extent and duration) of the location at which the alignments were 

built.   

Expectations: Alignments will be found at specific elevations and physiographic settings 

within the wetlands.  Alignments of different forms (and interpreted functions) will be 

found at different elevations and physiographic settings. 
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Hypothesis 2: The chronology and location of constructed engineering features within 

the wetlands is related to changing water table levels for the region (based on existing 

and concurrent paleoenvironmental reconstructions).   

Expectations: Computer-based modeling of changing water table levels will define 

parameters for where and when mapped rock alignments and other engineering features 

were constructed, used, and abandoned. 

 

Hypothesis 3: There is a spatial correlation between the location of ancient settlements 

and the wetlands that were selected for development with engineering features.   

Expectations: Wetlands, or portions of wetlands, developed with engineering features 

will have settlements located within a reasonable economic distance of the wetland (e.g., 

within a one hour walk or 5 km).  There may also be a correlation between the size of 

settlements and the number or extent of engineering features in nearby wetlands. 
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CHAPTER 2 : METHODS 

 

Timeline 

 Dissertation fieldwork was carried out in Quintana Roo, Mexico for several 

months each spring from 2008-2011.  In 2008, research was conducted with UCR 

Professor Scott Fedick and UCR graduate student Jennifer Chmilar at the El Edén 

Ecological Reserve to test protocols for vegetation mapping and topographic transects.  

One week was also spent inspecting access roads to various wetlands.  In 2009, assisted 

by three graduate students and three undergraduate anthropology students, vegetation 

mapping was completed in 18 wetlands and topographic transects were completed in five 

of those wetlands.  In 2010, assisted by three post-bachelor’s degree archaeologists, 

vegetation survey was carried out in the remaining seven wetlands, and rock alignments 

were recorded in the 25-wetland sample.  Preliminary mapping was conducted at five 

new archaeological sites encountered near wetlands.  With assistance from student 

Samanta Jaime, recent Geology Department graduate from the Universidad Nacional 

Autónoma de México (UNAM), a program of soil sampling was implemented at 12 

wetlands.   Also in 2010, pressure transducers were installed in two lagoons, and high-

resolution GPS elevation readings were taken on two of five permanent datums that had 

been established at topographic transects.  In 2011, final mapping and photography was 

conducted.   

 Fieldwork was primarily based out of a project house in the town of Kantunilkin 

in the western part of the Yalahau region.  Wetlands surveyed were located in the ejidos 
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of San Angel/Chiquila, Solferino, Kantunilkin, Popol Nah (Yucatán state), La Esperanza, 

Tintal/Anexo, and Leona Vicario, and on the private properties of Desar del Caribe, 

Rancho Santa Maria, and La Permuta.  Wetlands were surveyed with permission from the 

commissioner of each ejido (or property owner in the case of private properties) and with 

accompaniment by one or two local guides from each ejido.  The archaeological research 

was carried out under permits issued by the Instituto Nacional de Antropología e Historia 

(INAH) Consejo de Arqueología to Dr. Scott Fedick, director (with Dr. Jennifer 

Mathews) of the Yalahau Regional Human Ecology Project (YRHEP).   

 

Selection of the Wetland Sample 

 The Yalahau wetlands are defined as elongated, north-south trending depressions 

that inundate seasonally and are dominated by flood-tolerant vegetation including Tintal, 

Tasistal, Sawgrass, and Cattail.  The catalogue of Yalahau wetlands contains 175 wetland 

bodies with a sum area of 134 km2.  This catalogue derives from wetlands depicted on the 

1984, 1:50,000 series topographic maps generated by Mexico’s Instituto Nacional de 

Estadística, Geografía, e Informática (INEGI).  Wetland shapes were digitized in ArcGIS 

(ESRI’s Geographic Information System [GIS] mapping software version 10.0) from 

georeferenced versions of these topographic maps. The 175 wetlands range in size from 

3240 m2 to 31.2 km2, with an average size of .91 km2.  While there may be some overlap 

in identification between the smallest wetlands and other solution/collapse features such 

as cenotes and rejolladas, in general, cenotes and rejolladas will be smaller than 3000 

m2.  A sample of 25 wetlands was included in the study.  The selection of wetlands 
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included in the sample was designed to meet three criteria: 1) sample wetlands across the 

geographic extent of the wetland system; 2) sample wetlands that represent the range of 

wetland sizes (areal extent); and 3) sample wetlands that represent the range of plant 

communities, and differing proportions of plant communities, as approximated by the 

early versions of the Landsat TM classification.   

 In order to address the third criterion, I created a preliminary typology of wetlands 

based on their vegetation characteristics.  Since there were no pre-existing vegetation 

maps of the Yalahau wetlands except for El Edén, an unsupervised pixel classification 

was conducted on the wetlands as represented in a Landsat TM5 image dated February 1, 

2009 (USGS 2009).  ArcGIS software was used to produce this classification.  The 

“Clip” tool was first used to separate the wetland shapes from the rest of the Landsat 

image.  Subsequently, the “Iso Cluster Unsupervised Classification” tool was run with the 

following parameters: input spectral bands = 4,5,7; number of classes into which to group 

pixels = 5; minimum class size = 5 pixels; sample interval = 1 pixel.  I grouped pixels 

based only on bands 4-5-7 based on Rey-Benayas and Pope (1995).  This process divided 

the entire range of wetland pixel values (from bands 4, 5, and 7) into five classes.  The 

distribution of the five pixel classes was examined for the El Edén wetland and compared 

to known distribution of actual vegetation communities at El Edén (Schultz 2001), and 

was found to produced a rough estimate of vegetation/land cover in the wetlands (Figure 

2.1).   

 Based on the unsupervised pixel classification and visual inspection of wetland 

sizes and locations in the GIS wetland map, a sample of 25 wetlands was judgmentally  
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Figure 2.1.  Unsupervised pixel classification of the El Edén wetland showing the five 
classes and the vegetation types they approximate.   
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selected to represent the above-mentioned criteria.  A statistical sample was not a 

practical option due to the difficulty in classifying wetlands (according to vegetation) 

prior to mapping vegetation on the ground, as well as the difficulties in accessing some of 

the wetlands.   

 

Wetland Survey and Plant Collection 

 Prior to visiting each wetland, two maps were printed for use in the field.  One 

map showed the digitized black-and-white aerial photographs (INEGI 2001, 1:75,000 

scale, 1.5 m pixel resolution), and the other showed the classified Landsat TM5 image.  

Each map included a Universal Transverse Mercator (UTM) grid based on the North 

American Datum of 1927 (NAD27).  Within each wetland, reconnaissance survey was 

conducted to access different vegetation zones and to assess vegetation and topographic 

diversity.  The boundaries of plant communities were recorded as GPS waypoints (a point 

on the map with associated UTM coordinates) and GPS tracks (a series of waypoints 

creating a line on the map) for later downloading to the GIS.  Notes were taken on plant 

communities, and specimens were collected and placed in portable plant presses for later 

identification and potential inclusion in herbarium collections at El Colegio de la Frontera 

Sur in Chetumal (ECOSUR), Universidad Autónoma de Yucatan (UADY), and the 

University of California, Riverside.  Plant identifications were made by botanist Juan 

Castillo of the El Edén Ecological Reserve.   
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Feature Recording 

 Archaeological features (primarily rock alignments) encountered in wetlands were 

mapped with handheld GPS units.  UTM coordinates were recorded at the endpoints of 

each alignment, and a GPS track was recorded along the length of each alignment.  

Attributes recorded for each feature include length, width, height, type of stones used, 

shape, soil depth on either side of the alignment, and associated vegetation (see 

Appendix).  Notes and GPS waypoints were also taken on associated topographic 

features such as bedrock hummocks, depressions, and micro-cenotes. 

 In addition to survey within the borders of the wetland, some reconnaissance was 

conducted immediately outside of wetlands, and while accessing wetlands.  This 

reconnaissance led to the identification of several new Maya sites and house mound 

clusters.  Although not the focus of this dissertation, when ruins were encountered, a 

waypoint was taken on the center of structure, a track was taken around the perimeter, 

and an eyeball estimate of the structure height was made.  Noteable architectural features 

were briefly described, and photographs were taken of ceramic sherds found on the 

surface.   

 

Elevation Transects and High Resolution GPS 

 At five wetlands, topographic or elevation transects were set up at a location 

where they would cross-cut as many plant communities as possible.  The goal with these 

transects was to confirm the relationship between different vegetation types and 

topography, which also relates to the modern flood regime and soil type and depth.  
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Vegetation thus serves as a proxy for topography in different wetlands, and also of 

ecological diversity.  By identifying the vegetation zone in which alignments were found, 

it is possible to compare the topographic position of alignments across the wetland 

system.  The topographic transect measurements were taken using an automatic level and 

tape.  Transect lengths varied from 200 m to 800 m and surface elevation and soil depth 

to bedrock were measured at 5 m intervals.  Additionally, elevation readings were taken 

on the water level when present, as well as at the boundaries of plant communities.  A 

permanent aluminum datum was set in bedrock, and its horizontal and vertical (elevation) 

location were established using a high-resolution GPS receiver (Ashtech/Magellan 

Promark 2, 0.005 m horizontal accuracy, 0.010 m vertical accuracy).  Measurements 

were taken by a hired survey company called Estudios Topograficos de Presicion in 

Cancun.  Due to problems obtaining permission for access from the ejido of San Angel in 

2010, we were unable to take readings on the three of the five established datum caps.   

   

Water Level Loggers 

 Submersible water level loggers (Solinst Levelogger Gold) were placed in 

lagoons at two wetlands and have been recording water depth every hour since July of 

2010.  The loggers are metal cylinders about 15 cm long and 2 cm in diameter with a 

pressure sensor at one end.  Water loggers were housed in a PVC casing with holes 

drilled in it, then mounted on top of a meter-long galvanized pipe, which was then set 

into nearby bedrock or fixed to some other permanent feature.  The logger is installed at a 

fixed-depth position, and as water level rises or falls relative to this position, water 
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pressure exerted on the sensor increases or decreases and is recorded by the logger.  The 

loggers also record water temperature.  The water pressure readings need to be corrected 

by barometric pressure data within 30 km of the water loggers.  This was done using data 

collected over the same time frame and at the same time intervals by a barometric 

pressure logger installed at a home in Solferino (about 7 km from the Corchal logger and 

10 km from the Media Luna logger).  Data is downloaded to a computer and viewed in 

the Solinst Levelogger program (software version 3.4.0).  Within this program, the 

barometric pressure compensation can be achieved.  Also, while the readings are 

internally consistent, the logger does automatically assign an arbitrary water level as its 

starting point.  By changing the arbitrary level to actual water-depth-to-sensor on a given 

day and time, the entire data set is adjusted for the correct water level relative to the 

fixed-depth position of the logger.  All three loggers were set to begin collecting readings 

on July 1, 2010 at 1 am, and to take readings every hour on the hour.   

 The goal with water loggers is to monitor exactly how much the water level rises 

and falls in wetlands over the course of the year.  Vertical flood depth as recorded by the 

loggers can be extrapolated to horizontal extent of flooding when combined with the 

elevation transect data.  The water loggers will therefore provide a quantitative 

understanding of the modern flood regime of the wetlands in which they were installed.  

This information then can be correlated to surface soils and vegetation zones in the 

wetland.  Detailed statistics on seasonal water level fluctuations will also allow more 

accurate modeling of ancient use of wetlands. 
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Soil Sampling Methods 

 A program of soil sampling was initiated to: 1) reconstruct the sequence of 

environmental change in wetlands, 2) assess the agricultural potential of wetland soils, 

and 3) search for direct evidence of cultivation in wetlands.  Where possible, a soil pit 

was excavated, and stratigraphy was described and sampled in situ.  However, in most 

cases during the spring of 2010, the soil was too wet for excavation, so 7.6 cm-diameter 

PVC pipe was used to extract cores.  A total of 30 locations (23 cores and seven pits) 

were sampled across 12 wetlands, both with and without alignments.  Multiple locations 

were sampled in each of these 12 wetlands, and when rock alignments were present, 

samples were collected nearby.   

 Soil cores were dried at the house in Kantunilkin in June 2010, then sent to the 

labs of Drs. Elizabeth Solliero-Rebolledo and Sergey Sedov at the Institute of Geology at 

UNAM in Mexico City.  In October and November 2010, I worked at the UNAM lab to 

photograph the cores and participate in the description of soil horizons as well as 

subsampling for various analyses.  I assisted lab technician Jaime Diaz with identifying 

stratigraphic units in the soil cores and describing the basic characteristics (color, 

structure, texture, presence of carbonates, soil type) of these units.  Soil descriptions 

followed the World Reference Soil Base (IUSS Working Group WRB 2007), and soil 

color was determined using the Munsell Soil Color Chart.  Subsamples were then 

extracted from these cores for the following analyses: phytoliths, stable isotopes of 

carbon, total organic and inorganic carbon, iron extraction, physical properties, 

micromorhpology, and radiocarbon dating.   
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 This is collaborative research project and the results of the soil analysis were still 

pending at the time of writing the dissertation.  The only completed analysis is that of the 

radiocarbon dating.  Ten radiocarbon dates were run on bulk organic sediment from three 

different soil cores.  The radiocarbon samples were processed at the University of 

Arizona Accelorator Mass Spectrometry Laboratory and the University of California 

Irvine W. M. Keck Carbon Cycle Accelerator Mass Spectrometry Laboratory.  

Radiocarbon date calibration was computed using the IntCal09 dataset and CABLIB 6.0 

software package (Stuiver, Reimer, and Reimer 2013).  The results of this dating will be 

presented in Chapter 4.   

 

Geographic Information Systems (GIS) Applications 

 A GIS was created for this project and used to store, manage, and analyze all data 

produced during this dissertation.  The ESRI ArcGIS geodatabase is a Microsoft Access 

database with a map interface.  This tool allows for fast retrieval, viewing, and editing of 

multiple layers of geographic data.  The geodatabase includes Landsat TM imagery, 

georeferenced topographic maps and aerial photos purchased from INEGI, Shuttle Radar 

Topography Mission (SRTM) elevation data (provided by the Global Land Cover 

Facility), plus vector data including the El Edén rock alignments (provided in digital form 

by Scott Fedick), and all archaeological sites currently known in the Yalahau region 

(provided in digital format by Jeffery Glover).  All data collected during the course of 

this dissertation (mapped rock alignments, vegetation transect locations, plant community 

boundaries, soil boundaries, soil sample locations, etc.) is stored in the geodatabase.  As 
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discussed in Chapter 5, these multiple datasets were analyzed to identify patterns in the 

relationship between rock alignments and soil resources, plant communities, and 

topographic locations, and distances between known archaeological sites and 

manipulated wetlands.  Finally, the geodatabase will facilitate sharing of data with other 

researchers.   

 

Procedures for Creating Wetland Maps in ArcGIS 

 GPS field data were downloaded to the computer as point and line shapefiles.  

These shapefiles were imported into ArcMap and symbolized according to the type of 

feature they represented.  Points were symbolized as cenotes, transect datums, soil pits, 

generic points with notes on vegetation, etc.  Lines were symbolized as rock alignments, 

roads, 2-tracks, trails, vegetation boundaries, reconnaissance paths, elevation transects, 

etc.  These symbolized features were overlayed on Black and White aerial photographs 

(INEGI 2001) to create maps.  In ArcMap, a polygon was drawn around the area of 

reconnaissance in the wetland to show the survey area.  The area of this polygon was 

divided by the total area of the wetland to calculate the survey coverage (percent of the 

wetland that was surveyed).  Vegetation maps were generated by consulting several data 

sources: vegetation points, vegetation boundaries, and field photographs as well as visual 

inspection and tracing of INEGI (2001) aerial photographs and satellite imagery (Landsat 

imagery and Google Earth imagery).  Polygons were then drawn around wetland 

vegetation communities and color coded.   
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Conclusions 

 Fieldwork focused on reconnaissance survey of 25 wetlands to map vegetation 

communities and record archaeological features.  Since only one wetland had previously 

been investigated, the goal of this project was to establish an understanding of the 

variation in the natural environments and archaeology of the wetlands in the Yalahau 

region.  Particularly, the research aimed to assess the extent of manipulation of wetlands 

and understand the types of wetland environments being manipulated.  Topographic 

transects have allowed me to correlate vegetation communities with topography (see 

Chapter 3).  Subsequently, vegetation maps produced for the 25 wetlands serve as proxy 

topographic maps of the wetlands (see Chapter 4).  Vegetation maps, archaeological 

features, and other data have been combined in the GIS for spatial analysis.  As discussed 

in Chapter 5, the occurrence of rock alignments in different types of wetlands (e.g., why 

alignments were built in a particular wetland) is considered in the context of wetland soil 

and topographic characteristics, as well as the size and proximity of nearby ancient Maya 

sites.  The distribution of alignments within particular wetlands is considered in terms of 

wetland topography (estimated from the vegetation maps) to search for patterns and test 

hypotheses (laid out in Chapter 1) regarding the intra-wetland placement of rock 

alignments.   



120 

CHAPTER 3 : RESULTS PART 1 – VEGETATION, TOPOGRAPHY, AND 

WATER LEVELS 

 

Introduction 

 This chapter presents the results of the vegetation survey and plant collection, the 

elevation transects, and water level loggers. Fifteen wetland plant communities or ground 

cover classes have been identified.  Four sub-communities are also listed.  They appear 

on the Chapter 4 wetland maps, but for purposes of analysis (discussed in Chapter 5), are 

grouped with the main community to which they belong.  Other communities/ground 

cover classes that appear on the Chapter 4 maps, but are not described here and do not 

factor into the Chapter 5 analysis, include Water, Bedrock, Bare Ground, and White 

Mangrove (Laguncularia sp.).  The vegetation communities described here are based on 

prior studies on plant communities of the El Edén wetland (Fedick et al. 2000; Schultz 

2001) as well as on vegetation and topographic research conducted in 2009.  Products of 

the 2009 research include 44 voucher specimens collected across 10 wetlands, 

identifications for which were provided by botanist Juan Castillo.  Plant identifications 

given by my guides in the field (names usually in Maya) were referenced to scientific 

names using the ethnobotany by Anderson et al. (2003) and Rodríguez et al. (2003).  The 

USDA PLANTS database (plants.usda.gov) and the Missouri Botanical Garden database 

(tropicos.org) were also frequently referenced for species info.  It should be noted that for 

the remainder of the dissertation, vegetation communities (described below) will be 
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written with their first letters capitalized, while individual plant species will be referred to 

by their common name (in lowercase) or scientific name.     

 

Vegetation Communities 

Forested Communities 

• Upland Forest – a medium-statured, semideciduous forest with 10-15 m canopy, 

found outside of the flood zone of wetlands (Figure 3.1).  Important species are 

chicozapote (Manilkara zapota [L.] P. Royen), black chechem (Metopium 

brownei [Jacq.] Urb.), gumbo-limbo (Bursera simaruba [L] Sarg.), Florida thatch 

palm (Thrinax radiata Lodd ex. Schult & Schult. f.), and occasionally breadnut 

(Brosimum alicastrum Sw.), Ficus pertusa L.f., and longspike acacia (Acacia 

dolichostachya S. F. Blake).   

• Transitional Forest – highest areas of the wetland and those least likely to flood 

(Figure 3.2).  The transition between upland and wetland is characterized by a 

mixture of species from both zones.  Dominant and distinctive species include: 

Metopium brownei (Jacq.) Urb.; Lysiloma sp. possibly L. latisiliquum (L.) Benth.; 

Byrsonima sp. possibly B. bucidaefolia Standl.; Coccoloba diversifolia Jacq.; 

Manilkara zapota; Jacquinia sp. possibly J. macrocarpa Cav. (L.) P. Royen; and 

Vitex gaumeri Greenm.  

• Tintal – This community of swamp forest is characterized by the common 

occurrence of the palo tinto tree (Haematoxylon campechianum L., also known as 

dyewood or logwood; Figure 3.3).  Dominant and distinctive species also include: 
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Crescentia cujete L.; Erythroxylum confusum Britton; and Jacquinia sp. possibly 

J. macrocarpa Cav. 

• Tasistal – This community of swamp forest is characterized by the common 

occurrence of the tasiste palm (Acoelorraphe wrightii [Griseb. & H. Wendl.] H. 

Wendl. ex Becc.), and also includes a patchy distribution of sawgrass (Cladium 

jamaicense Crantz) and individual specimens of calabash (Crescentia cujete L.; 

Figure 3.4). 

• Jicaral – A newly defined community that is characterized by nearly pure stands 

of the jicara or calabash tree (Crescentia cujete L.; Figure 3.5).  This community 

was found only in wetland areas with soils exceeding 1.5 m in depth. 

• Annona Swamp – These distinctive swamps appear as “islands” within wetlands, 

generally ringed by cattail (Figure 3.6).  The dominant tree is Annona glabra L., 

with an understory of the fern Achrostichum danaefolium Langsd. & Fisch. and a 

community of herbaceous hydrophytes (see Schultz 2001:69-70). 

• Buttonwood Mangrove Swamp – Observations of these swamp forest patches in 

2009 represent the first report of mangroves within the inland area of the Yalahau 

wetland system.  They are dominated by Conocarpus erectus L., a mangrove that 

is salt tolerant but is also adapted to inland freshwater marshes (Figure 3.7).   
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Graminoid Communities 

• Sawgrass Marsh – These marshes are dominated by sawgrass (Cladium 

jamaicense Crantz), and often contain patchy distributions of cattail and beach 

spiderlily (Hymenocallis littoralis [Jacq.] Salisb; Figure 3.8). 

o Reeds – a community characterized by the common reed (Phragmites 

australis [Cav.] Trin. ex. Steud.) 

• Cattail Marsh – Marshes dominated by thick stands of cattail (Typha 

domingensis Pers.), generally with few other species present (Figure 3.9). 

• Sedge Marsh – These marshes are found in some of the lowest areas of the 

wetlands that are flooded for the longest amount of time.  In general, dominant 

plants are members of the Cyperaceae family.  Huge areas of many wetlands are 

covered exclusively by either Scirpus cubensis Poepp. & Kunth or Eleocharis sp. 

possibly Eleocharis cellulosa Torr. or Eleocharis interstincta (Vahl) Roem. & 

Schult.  However, other more diverse sedge communities incorporate Scirpus sp., 

Cyperus sp., Rhynchospora nervosa (Vahl) Boeckeler, Nymphoides sp. possibly 

N. indica (L.) Kuntze, Eragrostis sp. or Andropogon sp., and duck potato 

(Sagittaria lancifolia L.).  Also, Solanum spp. is occasionally found at the higher-

elevation edges of the sedge community.   

o Sedge–Eleocharis – a community characterized by Eleocharis sp. (Figure 

3.10). 

o Sedge–Scirpus – a community characterized by Scirpus cubensis Poepp. 

& Kunth (Figure 3.11). 
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• Peat Bog – Previously unreported in the Yalahau region, several wetlands visited 

in 2009 contained deep deposits of peat, in some instances with depths of several 

meters (Figure 3.12).  Plant communities associated with these peat deposits are 

not yet verified, as the exceedingly dry conditions of 2009 had suppressed plant 

growth, although members of the Cyperaceae family will probably prove to be 

dominant.  One distinctive plant noted in restricted association with the peat bogs 

is the giant amaranth Amaranthus australis (A. Gray) J.D. Sauer, referred to by 

the Maya as tes.  Additional survey work in 2010 and 2011 found that peat 

deposits are actually quite common in wetlands.  Generally, the lowest areas of 

wetlands aside from permanent lagoons are likely to have peat deposits.  Annona 

Swamp communities are exclusively associated with thick peat deposits; 

herbaceous vegetation (including tes) frequently grows atop peat surrounding ojos 

de agua; and peat often underlies Eleocharis sp. zones.   

o Blanquizal - An unvegetated peat bog, the surface of which looks like a 

bright white mud-flat or sand-flat in the middle of many wetlands.     

 

Other Communities 

• Muk – higher, drier areas of the wetland just below the Tintal community in 

terms of topography (Figure 3.13).  This community is characterized by lots of 

exposed bedrock with a thin cover of soil (less than .10 m).  It is dominated by 

Dalbergia glabra (Mill.) Standl., which grows 1-3 m tall and forms thickets.  

Other species include chilib/gato blanco (Lippia sp.), yarrow (Achillea 
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millefolium L.), Jacquinia sp. possibly J. macrocarpa Cav., Echinocloa sp., and 

the parasitic vine Cassytha filiformis L. 

• Drygrass – This community is found topographically between the Muk and 

Sedge Marsh communities, and is fairly diverse in terms of species composition 

(Figure 3.14).  The ground is firm in this zone, soil is shallow, and plant density is 

low.  It typically appears as an area of low, dry grasses, creeping herbs, and brush.  

Dominant species are Achillea millefolium L., Isocarpha oppositifolia (L.) Cass., 

Echinochloa sp., Eragrostis sp. or Andropogon sp., and Lippia sp.  Cassytha 

filiformis L. may be present, and there are usually scattered individuals of Scirpus 

cubensis Poepp. & Kunth and Dalbergia glabra (Mill.) Standl.  This zone also 

frequently includes patches of unvegetated soil covered only with a dry crust of 

periphyton.   

• Herbaceous – thick herbaceous vegetation typically surrounding shallowly 

flooded or seasonal water holes (ojos de agua) and lagoons (Figure 3.15).  

Vegetation includes gulf cockspur grass (Echinocloa cruz-pavonis (Kunth) 

Schult.), moco de pavo (Eriochrysis cayennensis P. Beauv.), quill beaksedge 

(Rhynchospora tenuis Willd. ex Link), Scleria sp. possibly S. mitis or S. 

lithosperma, Lasiciasis sp., Cyperus sp., Eleocharis sp., Amaranthus australis (A. 

Gray) J. D. Sauer, and thick and relatively tall Achillea millefolium.  The 

Herbaceous community frequently intersects the Annona Swamp community.   

• Vine – This community is dominated by yarrow (Achillea millefolium, sometimes 

blanketing large areas; Figure 3.16).  It is typically found topographically between 
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the Drygrass community and the Sedge community, and often incorporates 

Eleocharis sp.   
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Figure 3.1.  Upland Forest community.  
 

 
 
Figure 3.2.  Transitional Forest community.   
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Figure 3.3.  Tintal community. 
 

 
 
Figure 3.4.  Tasistal community. 
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Figure 3.5.  Jicaral community. 
 

 
 
Figure 3.6.  Annona Swamp community. 
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Figure 3.7.  Buttonwood Mangrove Swamp community: (a) isolated mangrove tree; (b) 
close-up of tree roots.   

a 

b 
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Figure 3.8.  Sawgrass Marsh community. 
 

 
 
Figure 3.9.  Cattail Marsh community. 
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Figure 3.10.  Sedge Marsh community: (a) close-up of Eleocharis sp.; (b) overview 
showing green Scirpus cubensis at bottom left, light brown Eleocharis sp. in center, and 
green sawgrass at right.    
 

a 

b 
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Figure 3.11.  Sedge Marsh (Scirpus cubensis) community.   
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Figure 3.12.  Peat Bog community: (a) overview of unvegetated peat bog; (b) tes plant 
(Amaranthus australis) growing in peat. 

a 

b 



135 

 
 

 
 
Figure 3.13.  Muk community: (a) overview; (b) close-up of muk plant. 

b 

a 
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Figure 3.14.  Drygrass community. 
 

 
 
Figure 3.15.  Herbaceous community in an ojo de agua.  
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Figure 3.16.  Vine community.   
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Elevation Transects 

Esperanza Wetland Transect 

 An elevation transect was established in the northern part of the Esperanza 

wetland, and extended 315 m west to east (Figure 3.17, Figure 3.18, Figure 3.19, and 

Figure 3.20).  The UTM coordinates of the datum, established near the west end of the 

transect, are 456731 E, 2320456 N (NAD27 Zone 16N).  The elevation of the datum is 

3.53 m asl.  From 0 to 20 m east along the transect, elevation ranges from 4.89 to 6.97 m 

asl, and is covered with an Upland Forest community.  This is fairly low, scrubby, 

secondary growth forest with species including chicozapote, chaya (Cnidoscolus 

aconitifolius), gumbo-limbo, and a possible acacia.  Soil depth ranges from 0 to .21 m.  

From 20 to 40 m east, elevation ranges from 4.03 to 5.53 m asl, and is covered with a 

Transitional Forest community.  Soil depth ranges from .09 to .22 m.   

 A Tintal vegetation community, characterized by low, scrubby palo tinto trees, 

follows from 40 to 65 m.  Elevation ranges from 3.67 to 4.03 m asl, and soil depth ranges 

from .02 to .16 m.   

 A Tasistal community extends from 65 to 110 m east.  Clusters of tasiste palms 

are separated by scattered sawgrass, dead sawgrass stumps, and patches of bare ground 

with a periphyton crust and the shells of apple snails (pomacea flagellata).  Surface 

elevation in the Tasistal community ranges from 2.67 to 3.67 m asl, and soil depth ranges 

from 0 to .74 m.   

 A Sedge community, dominated by Scirpus cubensis, is found from 110 to 160 m 

east along the transect.  In the eastern part of the Sedge community, duck potato increases 
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to about 40 percent of the vegetation.  The surface elevation range in this zone is 

minimal, ranging from 2.67 to 3.07 m asl, but soil depth increases significantly moving 

east, ranging from .43 to 1.75 m.   

 A Sawgrass community was found from 160 to 240 m along the transect.  

Elevation ranges from 2.74 to 3.27 m asl, and soil depth ranges from .09 to 1.98 m.  

Vegetation here is dominated by sawgrass up to 3 m tall, but sawgrass stumps and 

occasional individuals of duck potato are also present.  Sedge and Sawgrass communities 

together can be considered the savanna proper or the open wetland, since vegetation is 

low, providing good visibility and an “open” landscape, and these areas are also the most 

regularly flooded.   

 Adjacent to the east of the Sawgrass community, the terrain begins to rise again at 

the eastern bank on the wetland.  A small Tasistal community is found from 240 to 250 m 

east along the transect, at a very narrow elevation range of 3.27 to 3.32 m asl, and a soil 

depth range of .07 to .09 m.  A Tintal community occurs from 250 to 275 m along the 

transect as elevation climbs from 3.32 to 4.70 m asl.  Soil depth ranges from .05 to .07 m.   

 Finally, from 275 m to the end of the transect at 315 m, Upland Forest is found 

above 4.70 m asl.  Notable upland species including black chechem, gumbo-limbo, 

Florida thatch palm, and pinuela (Bromelia sp., possible B. penguin or B. plumieri) are 

found growing on patches of soil up to .19 m deep amidst broken, protruding chunks of 

bedrock.  An exposed ridge of bedrock at 295 m east along the transect likely represents 

the eastern rim of the wetland.   
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 During a visit on June 10, 2010, a small pit was excavated within the Sedge 

community along the transect at 150 m east, and water was encountered at .20 m below 

surface.  Tying this into the other elevation readings along the transect and to the absolute 

elevation of our datum yields a water table elevation of 2.5 m asl in the wetland for that 

date.  On the same day, a separate elevation reading was taken directly on the water 

surface in a well in the town of Esperanza, 2 km east of the Esperanza wetland transect.  

Water table elevation in the well was 1.64 m asl.  Charvet (2009:Appendix 2) took a 

water table reading on April 23, 2009 in a different well in the town of Esperanza and 

obtained an elevation of 1.1 m asl.  The difference in elevation between the two well 

readings can perhaps can be explained by the fact that 2009 was a particularly dry year.  

As for the difference between our 2010 well reading and the wetland reading, the higher 

water elevation in the wetland may be explained by capillary rise in the wetland soil.   

 

Tintal Wetland Transect 

 The Tintal wetland is a narrow, steep-sided wetland running north-south through 

the middle of the town of El Tintal.  The wetland is crossed by both the supercaraterra 

(Highway 180 toll road) and the old Highway 180.  The transect in the Tintal wetland 

was established about 500 m south of the old Highway180 and extended 210 m from 

west to east across the wetland.  The UTM coordinates of the datum, established at the 

west terminus of the transect, are 451402 E, 2309675 N (NAD27 Zone 16N).  The 

elevation of the datum is 6.043 m asl (Figure 3.21, Figure 3.22, Figure 3.23, and Figure 

3.24).   
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 From 0 to 10 m east along the transect, vegetation is a Transitional Forest 

community.  This area is likely highly disturbed due to its proximity to a residential area.  

Species include acacias, small palo tinto trees, muk, and Solanum sp.  Elevation ranges 

from 4.99 to 6.04 m asl, and soil depth ranges from 0 to .18 m.  From 10 to 33 m east, 

vegetation is a Muk community.  Elevation ranges from 4.52 to 4.99 m asl, and soil depth 

ranges from 0 to .13 m.   

 A Drygrass vegetation community occurs from 33 to 88 m east along the transect.  

Vegetation is primarily desiccated yarrow and Isocarpha oppositifolia, but also includes 

scattered individuals of muk.  Elevation in the Drygrass community ranges from 4.11 to 

4.42 m asl, and soil depth ranges from .05 to .26 m.  A foot path crosses the transect at 66 

m east.  East of the Drygrass community, there is a narrow band of Tintal from 88 to 100 

m east, with scattered low grasses (most likely Andropogon sp. and Echinochloa sp.).  

Elevation in the Tintal community ranges from 3.77 to 4.11 m asl, and soil depth ranges 

from 0 to .18 m.   

 A Sedge Marsh community extends from 100 to 164 m east.  The west part of this 

community is characterized by lots of Nymphoides indica with scattered sawgrass and 

yarrow.  This gives way in the eastern part of the community to Rhynchospora nervosa 

mixed with sawgrass, duck potato, Scirpus cubensis, and dead sawgrass stumps.  

Additionally, about 10 m south of the transect is a stand of 4-m tall reeds (Phragmites 

australis).  Surface elevation in the Sedge Marsh community ranges from 2.97 to 3.77 m 

asl (although from 110 to 164 m east, the elevation range is much narrower, from 3.07 to 



142 

3.35 m asl), and soil depth ranges from .52 to greater than 5 m (the soil probe did not 

reach bedrock in several places due to difficulty in penetrating the thick clay soil).  

 The Sedge Marsh community gives way to a Sawgrass Marsh community that 

extends east from 164 to 207 m.  Sawgrass becomes increasingly dense moving east.  

Elevation ranges from 2.39 to 3.07 m asl.  At 207 m east, a 1-m tall bedrock bank marks 

the eastern edge of the wetland.  A palo tinto tree is found growing on this bank, and just 

beyond is a house and property.   

 Water table elevation at the wetland is unknown.  In the profile schematic (see 

Figure 3.23) the water table was placed at 1.3 m asl based on Charvet’s (2009:Appendix 

2) measurement in a well located 700 m north of the transect in the town of Tintal.    

 

Media Luna Wetland Transect 

 An elevation transect was established at the Media Luna wetland on April 28, 

2009 in the northern part of the wetland close to the modern observation tower and kayak 

dock (Figure 3.25, Figure 3.26, Figure 3.27, and Figure 3.28).  This location was chosen 

due to the presence of numerous rock alignments, which had been identified during a 

brief reconnaissance the morning of the April 28.  The transect ran for 595 m west to 

east, then from there turned south-southeast for another 200 m, for a total length of 795 

m.  A datum was set in a small bedrock outcrop at 182 m east along the transect.  The 

UTM coordinates of the datum are 456587 N, 2349567 N (NAD27 Zone 16N).  The 

datum was initially assigned an arbitrary elevation of 10 m, but was later corrected to be 

1.28 m asl (see explanation below).  The transect began at the western side of the wetland 
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in Upland Forest, which extends from 0 to 7 m east and has an elevation ranging from 

3.17 to 3.84 m asl, and a soil depth ranging from 0 to .27 m.  Notable species include tall 

Florida thatch palms, gumbo-limbo, black chechem, chi-ike (possibly nance; Byrsonima 

crassifolia (L.) Kunth), tasta’ab (Guettarda combsii), tsiliil (Diospyros cuneata), palo 

volador (possibly Terminalia oblonga [Ruiz & Pav.] Eichler per Benitez [2002], or 

almendra/T. catappa per Anderson et al. [2003]), xu’ul (Lonchocarpus rugosus), ja’abin 

(Piscidia piscipula), ts’uts’uk (Diphysa carthaginensis), and chakte’ (Caesalpinia spp. or 

C. violacea; Anderson et al. 2003).   

 At 7 m east, a .5-m tall bedrock ledge marked the edge of the wetland.  Tintal 

Forest with gnarled muk plants begins immediately after this and continues to 26 m east.  

The ground slopes steeply downward in the Tintal community, with elevations ranging 

from 1.13 to 3.17 m asl.  Soil remains shallow, ranging from .13 to .19 m.  A small 

depression with a Sedge Marsh community dominated by Eleocharis sp., was found from 

26 to 44 m east.  Elevation ranges from .82 to 1.13 m asl, and soil depth ranges from .19 

to .72.  From 44 to 73 m east, surface elevation rises onto a magote (small bedrock 

island) covered with a Tintal community interspersed with muk.  Sawgrass was found 

around the edges of the magote.  Elevation ranges from .83 to 1.98 m asl, and soil depth 

ranges from .04 to .20 m.   

 Another Sedge Marsh community dominated by Eleocharis sp. followed from 73 

to 172 m east.  Elevation ranges from .11 to 1.13 m asl, and soil depth ranges from 0 to 

.89 m.  At 112 m east, the transect crosses a rock alignment (RA-33), which is situated on 

a shallow soil area of slightly higher elevation than the rest of this vegetation zone.   The 
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edge of the boat dock is near 135 m east along the transect, which is the area of lowest 

surface elevation in this zone.  In 2009, this Sedge Marsh was essentially a Peat Bog 

filled with thick-growing Eleocharis sp.  In 2011, however, the Eleocharis sp. had 

retreated from the deeper parts of this Sedge depression (near the dock) leaving the bog 

only sparsely vegetated.  This appears to be due to a higher water table in 2011, and is an 

example of how vegetation communities can rapidly change in response to inter-annual 

changes in water levels.   

 Continuing east, a soil-less bedrock outcrop with a Muk community occurs from 

172 to 182 m east at an elevation range of .70 to 1.30 m asl.  From 182 to 279 m east, a 

Sedge Marsh occurs, with elevation ranging from .32 to 1.28 m asl, and soil depth 

ranging from 0 to .26 m.  While mostly covered by Eleocharis sp., this Sedge Marsh 

crosses several patches of bare ground and exposed bedrock associated with the edges of 

magotes adjacent to the transect.  The transect crosses three rock alignments (RA-19, 

RA-20, and RA-21) in this Sedge Marsh.   

 A low magote with a Sawgrass community occurs from 279 to 288 m east.  

Elevation ranges from .62 to .95 m asl and soil depth ranges from 0 to .13 m.  Another 

segment of Sedge Marsh, dominated by Eleocharis sp., follows this from 288 to 326 m 

east.  Elevation ranges from .29 to .62 m asl, and soil depth ranges from .07 to .64 m.  

Another low magote with bare soil and a few clumps of sawgrass is found from 326 to 

353 m east.  Surface elevation ranges from .48 to 1.09 m asl, and soil depth ranges from 

.05 to .17 m.  A Sedge Marsh dominated by Eleocharis sp. continues from 353 to 435 m 

east, with surface elevation ranging from .46 to 1.03 m asl, and soil depth ranging from 
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.11 to .90 m.  East of 412 m, areas of bare ground with dried periphyton increase and 

Eleocharis sp. becomes sparse, low, and desiccated.  From 435 to 447 m east, the transect 

crossed a low magote with a Sawgrass community, which includes several individuals of 

muk.  Elevation ranges from 1.03 to 1.34 m asl, and soil depth ranges from .10 to .80 m.  

From 447 to 476 m east, the transect crossed a Vine community with bare ground and 

sparse, low, desiccated yarrow and Eleocharis sp.  Elevation ranges from .70 to 1.17 m 

asl, and soil depth ranges from .15 to .40 m.   

 From 476 to 520 m, the transect crosses a long, narrow island with a mix of 

Tasistal, Tintal, and Transitional Forest vegetation.  While the transect crosses a low 

point on this island, and the immediate vegetation is bare ground, sawgrass, and muk, the 

community is still designated as Tasistal Forest.  Surface elevation ranges from .73 to 

1.21 m asl, and soil depth is minimal at .03 to .06 m.  A small rock alignment (RA-25) is 

encountered at 481 m east.  A Sedge Marsh picks up again from 520 to 647 m east.  

Vegetation is primarily Eleocharis sp., but there are scattered clumps of Scirpus cubensis, 

and increasing patches of bare ground as the transect approaches the eastern edge of the 

wetland.  Surface elevation ranges from .52 to 1.01 m asl, and soil depth ranges from 0 to 

.61 m but reaches 1.15 m deep inside a micro-cenote situated at 606 m east.  A rock 

alignment (RA-12) surrounded by bare ground and yarrow is crossed at 637 m east.   

 Just beyond the rock alignment, at 647 m east, vegetation shifts to a Muk 

community, which continues to 685 m east.  Tangled muk is mixed with Jacquinia sp., 

yarrow, grasses (e.g., Echinochloa sp.), and sawgrass.  In the Muk zone, elevation ranges 

from 1.01 to 1.55 m asl, and soil depth ranges from 0 to .06 m.  A Tintal Forest 
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community follows from 685 m to 795 m east (the end of the transect) and beyond.  

Surface elevation in the Tintal Forest ranges from 1.46 to 2.14 m asl, and soil depth 

ranges from 0 to .12 m.  The extensive Tintal Forest at the eastern end of the transect 

contrasts with the western side of the wetland where the Tintal zone is narrow and there 

is a relatively abrupt transition from open wetland to Upland Forest.   

 The position of the water table as depicted in the profile schematic (see Figure 

3.27) is based on a soil pit excavated about 25 m south of the 242 m east mark along the 

transect.  An initial exploratory pit was excavated on June 28, 2009 and water was 

encountered at .50 m below surface.  A return visit was made on April 28, 2010 to take 

sediment cores from this same location, and water was encountered at .15 m below 

surface.  During a final visit on April 28, 2011, water in the soil pit was .25 m below 

surface.  In the schematic, the water level along the transect was set at .25 m below 

surface, since both the soil pit location and the transect at 242 m east were occupied by 

Eleocharis sp.  The soil surface elevation at 242 m east was .43 m asl, giving a water 

table elevation of .18 m asl on April 28, 2011.      

 In their geohydrological study of Media Luna, Villasuso Pino and Pech Arguelles 

(2010) measured water table elevation (hydraulic potential) in several exploratory wells 

in the wetland as well as in the town of San Angel 2 km to the southwest.  On December 

8, 2009, elevation of the water table, as measured in four different locations, ranged from 

.847 to .932 m asl.  Villasuso Pino and Pech Arguelles (2010) also conducted a small 

bathymetric survey, recording ground surface elevation and thickness of the water lens on 

top of the ground.  Their survey line happened to cross our transect near the boat dock, at 
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about the 130 m east mark.  Their point PSA11, 5 m north of our transect (at 130 m east), 

had a soil surface elevation at .10 m asl, and a water lens .75 m thick on top of this.  Point 

PSA10, 5 m south of our transect (at 130 m east), had a soil surface elevation of .33 m asl 

and water thickness of .5 m.  Both measurements put the water table at about .85 m asl.  

It also means that our arbitrary soil surface elevation at E 130 m (~8.9 m), has a true 

elevation of ~.20 m asl (halfway between .10 and .33).  Using this common point 

between the bathymetric survey with true elevations (Villasuso Pino and Pech Arguelles 

2010) and our transect with arbitrary elevations, the arbitrary elevations in the transect 

were converted to true elevations in m asl.   

  

Dos Leones Wetland Transect 

 A 255 m long, northwest-southeast elevation transect was established on May 13, 

2009 near the center of the Dos Leones wetland (Figure 3.29, Figure 3.30, Figure 3.31, 

Figure 3.32, Figure 3.33, and Figure 3.34).  The transect began on the western side of the 

wetland at the boundary between a Tintal vegetation community on the west and a Muk 

community on the east.  The UTM coordinates of the datum, which marks the western 

end of the transect (0 m east), are 471011 E, 2352402 N (NAD27 Zone 16N).  The datum 

was assigned an arbitrary elevation of 10 m.  The Tintal community at the western end of 

the transect only extends about 10 m west of the datum before Upland Forest begins.   

 A Muk community, beginning at the datum, continues east from 0 to 15 m, with 

surface elevation ranging from 9.59 to 10 m, and soil depth ranging from 0 to .13 m.  In 

addition to muk, there are scattered grasses (e.g., Echinochloa sp.) and a patch of 
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sawgrass mixed in with the Muk community.  A small band of Sedge Marsh (Scirpus 

cubensis) extends from 15 to 31 m east.  Surface elevation within this Sedge Marsh 

ranges from 9.43 to 9.59 m, and soil depth ranges from .08 to .27 m.   

 A Peat Bog community occurs from 31 to 75 m east.  Surface elevation ranges 

from 9.36 to 9.51 m, and soil depth ranges from .14 to 1.64 m.  In May 2009 this bog was 

unvegetated except for a few scattered tes and duck potato plants, and the soil was soft 

but dry.  Interestingly, during a return visit for soil sampling in April 2010, the Peat Bog 

community was flooded with .30 m of water, had largely been filled in with Scirpus 

cubensis plants, and the tes plants had died and fallen over. 

 The Sedge Marsh resumes again and continues for the remainder of the open 

wetland from 75 to 181 m east.  Surface elevation in this zone ranges from 9.44 to 9.56 

m, and soil depth ranges from .23 to .93 m.  Vegetation cover in this zone is about 50 

percent, primarily low Scirpus cubensis plants with scattered tes and sawgrass stumps.  

The other 50 percent is patches of bare soil covered with a crust of grey periphyton.  

Shells of apple snails (Pomacea flagellata) are frequent in this zone. 

 Another small Peat Bog community is encountered from 181 to 195 m east.  

Surface elevation in the bog ranges from 9.28 to 9.50 m.  Soil depth ranges from .40 to 

.75 m.  The bog is free of vegetation, but surrounded on all sides by Scirpus cubensis.  

While a periphyton crust covers the entire bog surface, this crust appears much whiter 

and thicker around the edges of the bog than at the center.  Algae may grow less densely 

in the center of the bog where water is a bit deeper, allowing the dark color of the 

underlying peat to show through at the surface more.   
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 Continuing east out of the Peat Bog from 198 to 275 m east, elevation jumps up a 

bit and vegetation becomes similar to what was found on the western margin of the 

wetland.  Surface elevation ranges from 9.5 to 10.21 m, and soil depth ranges from 0 to 

.23 m.  A small area of Scirpus cubensis at 198 m east shifts to an area of Muk 

community vegetation with scattered small muk plants, low clumps of Andropogon sp. 

and Echinochloa sp., clusters of sawgrass, and patches of bare ground.  Muk plants 

increase in density and height towards the end of the transect at 275 m east.  Tintal Forest 

begins at 275 m and continues east beyond the end of the transect for about 25 m, beyond 

which Upland Forest begins.   

 Regarding water level in the wetland, a pit was not dug when the transect was 

established in 2009.  However, the depth at which saturated soil began was noted each 

time the soil probe was extracted.  The depth-to-saturation numbers that were recorded 

along the transect put the elevation of the saturation level anywhere from 8.95 to 9.41 m, 

so there is low confidence that this procedure accurately estimated water table level.  In 

the profile diagram, the water table is indicated at 9.1 m to provide an approximation (see 

Figure 3.32).  On a return visit to collect soil cores on April 29, 2010, the wetland was 

flooded due to several recent rainstorms.  The first soil core was taken from within the 

Peat Bog vegetation community close to 50 m east along the transect.  The water level at 

that time was .30 m above ground surface, placing the water table position at 9.74 m in 

relation to the arbitrary elevation of the datum that had been designated as 10 m (see 

Figure 3.33).  Conditions during the April, 2010 visit created shallow (ca. .20 m) flooding 

in the Sedge Marsh community, but left the Muk communities dry.  It is likely that in the 
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true rainy season, water levels would climb higher than this, but the exact height is 

unknown.   

 

Zanja Wetland Transect 

 A transect was established in the Zanja wetland on May 1, 2009, about 1.5 km 

north of the unpaved road that crosses the southern end of the wetland (Figure 3.35, 

Figure 3.36, Figure 3.37, and Figure 3.38).  A 2-track road running along the western side 

of the wetland provided access.  The transect ran west to east across the wetland for 395 

m.  The UTM coordinates of the datum, established at the western end of the transect (at 

40 m east), are 466222 E, 2349751 N (NAD27 Zone 16N).  The datum was assigned an 

arbitrary elevation of 10 m.   

 From 0 to 30 m east along the transect, vegetation is an Upland Forest 

community, with species including chechem, gumbo-limbo, Sabal sp., muk, catsin (likely 

Acacia gaumeri or Mimosa bahamensis), and pinuela.  Surface elevation in the Upland 

Forest ranges from 10.30 to 10.91 m, and soil depth ranges from 0 to .19 m.  From 30 to 

43 m east, vegetation is a Transitional Forest community with palo tinto, muk, and 

Upland Forest species.  Elevation ranges from 9.8 to 10.3 m, and soil depth ranges from 0 

to .19 m.    

 A Tintal community is found from 43 to 57 m east.  Several meters at the east of 

the Tintal zone had been cleared for the 2-track road.  Surface elevation in the Tintal 

community ranges from 9.31 to 9.80 m, and soil depth ranges from 0 to .08 m.  From 57 

to 100 m east, vegetation is dominated by short (2-3 m tall) tasiste palms but also 
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includes a few calabash trees.  Elevation ranges from 8.72 to 9.31, and soil depth ranges 

from .05 to 1.21 m.  A patch of tall, thick Sawgrass Marsh is found from 100 to 117 m 

east.  Surface elevation in the Sawgrass Marsh ranges from 8.30 to 8.72 m, and soil depth 

ranges from .92 to 1.21 m.   

 From 117 to 130 m east, a Buttonwood Mangrove Swamp community occurs and 

includes several large (3-4 m tall) buttonwood mangrove trees.  This is one of the only 

occurrences of mangroves in the 25 wetlands surveyed, and the first report of mangroves 

within the inland area of the Yalahau wetland system.  While the buttonwood mangrove 

is salt tolerant and typically found on the coast, it is also adapted to inland freshwater 

marshes.  The mangroves identified along the Zanja wetland transect are about 22 km 

from the north coast, however the Zanja wetland connects to the north coast, and local 

ejido guides suggested floodwater travelling “upstream” (to the south) in the wetland 

carried seeds from the coast 22 km south to the location of the transect.  This is supported 

by other reports of surface water flow in Sabana Zanja (e.g., Tulaczyk 1993) as well as 

by the presence of a historic logging canal extending from some distance south of the 

transect to the north coast (see below).  Surface elevation in the Buttonwood Mangrove 

community ranges from 8.34 to 8.47 m, and soil depth ranges from 1.05 to 1.75 m.   

 Vegetation from 130 to 214 m east is classified as a Sedge Marsh.  It includes 

scattered small (1-2 m tall) mangrove trees, tasiste palms, and sawgrass, interspersed 

with more open areas of Scirpus cubensis, Nymphoides indica, and spiderlily.  Surface 

elevation in this zone ranges from 8.44 to 8.90 m, and soil depth ranges from 1.65 to 2.25 

m.       
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 At 168 m east, the transect crosses the historic logging canal for which the 

wetland is named.  The canal is about 2 m wide and .5 m deep, with small berms about 

.15 m tall on either side representing the excavated sediment.  This location on the 

transect is close to the southern terminus of the canal, which reconnaissance found to be 

obscured by thick vegetation.  The canal, easily visible on INEGI (2001) aerial 

photographs and Google Earth imagery, runs the length of Sabana Zanja from 200 m 

south of the transect to the north coast.  The canal is much larger in the northern part of 

Sabana Zanja, and in several locations (usually near lagoons) the canal has splits and 

side-canals.  The canal may date to the early 20th century during the height of the palo 

tinto (also known as dyewood) extraction industry.  Many Yalahau wetlands were opened 

up for palo tinto logging, with the trees shipped to Europe for dye production (Andrews 

1985:140-141).  Since the Zanja wetland was the closest thing to a river in the Yalahau 

region, a canal was dug so logs could be floated from where they were cut, all the way to 

the north coast.    

 A Tasistal community occurs from 214 to 334 m east.  From 214 to 266 m east, 

the community consists of about 50 percent tasiste and 50 percent sawgrass with 

occasional patches of bare soil with a periphyton crust.  However from 266 to 334 m east, 

the vegetation is nearly a pure stand of tasiste palms.  Still, the palms remain small (2-3 

m tall) compared to those seen at other wetlands.  Elevation in the Tasistal community 

ranges from 8.76 to 9.16 m while soil depth ranges from .08 to 1.8 m.  A Tintal Forest 

community follows from 334 to 355 m east, with elevations ranging from 9.11 to 9.42 m, 
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and soil depth ranging from 0 to .19 m.  Palo tinto, muk, Jacquinia sp., and the 

occasional tasiste palm are separated by patches of Scirpus cubensis and grasses.   

 A Transitional Forest community extends to 374 m east, with elevations ranging 

from 9.39 to 9.71 m, and soil depth ranging from 0 to .27 m.  After a small depression at 

370 m east, Upland Forest begins and continues to the end of the transect at 395 m east.  

Surface elevation for the Upland zone here is 9.70 m and above (although the final 

elevation point is 10.04 m) and soil depth ranges from .07 to .18 m.  In the Upland Forest 

zone, tree canopy becomes higher and there is less undergrowth and thicket.  Individuals 

of chechem, chicozapote, and acacia increase, and Sabal sp. and alamo (likely Ficus 

cotinifolia) appear.  Curiously, Upland Forest on the eastern side of the wetland begins at 

an elevation about one meter lower than it does on the western side of the wetland.     

 A return visit to the Zanja wetland was made on June 26, 2009, and a pit was 

excavated down to the water table.  The pit was situated at 90 m east along the transect 

(surface elevation 8.44 m) and water was encountered at 1.45 m below surface, placing 

the water table at 6.99 m.  This water table position is shown on the transect profile 

schematic (see Figure 3.37).       

 

A Note on Shifting Vegetation Communities 

 As is clear from visiting wetlands in multiple years, some vegetation types can 

shift positions with inter-annual variations in rainfall and water table elevation.  For 

example, in the very dry dry season of April 2009, Eleocharis sp. filled the Peat Bog at 

the end of the boat dock at Media Luna.  But in Spring 2011, which seemed to be a more 
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normal year in terms of precipitation, a slightly higher water table (perhaps .20 m higher 

based on the 2009 vs. 2011 soil pits) caused the Eleocharis sp. zone to shift uphill, 

leaving the Peat Bog nearly free of vegetation.  This, in turn, allowed Eleocharis sp. to 

spread to areas which previously had been occupied by yarrow and bare ground.  A 

similar situation can be seen at Dos Leones with the change in the Peat Bog from 

unvegetated in 2009, to about 50 percent vegetated with Scirpus cubensis in 2010.  The 

year 2010 seemed to be an unusually wet year.  Scirpus cubensis, which had surrounded 

the bog before, now shifted slightly downhill to colonize the bog that was formerly free 

of vegetation.  Interestingly, this means that with increasing water table elevation, an 

unvegetated bog expanded at Media Luna but contracted at Dos Leones.  A final example 

comes from Chantomate (see Chapter 4), where between 2009 and 2011, the upper 50 m 

(horizontal distance) of the Eleocharis sp. zone was largely replaced by yarrow.  This 

information suggests that within the open wetland, graminoid vegetation communities 

may shift around from year to year with variations in rainfall and water table elevation.  

 Considering that vegetation communities correspond to the elevation gradient in 

accordance with distance from groundwater, I hoped to be able to demonstrate that, for 

example, the sedge zone always has a minimum elevation of .20 m above dry season 

water (or in other words, any ground that is .20 to .50 m above dry season water will have 

sedge vegetation).  This seems to be more or less true at Esperanza (the dry season water 

table is 2.5 m asl, and average elevation in the Sedge community is about 2.8 m asl), 

Media Luna (the dry season water table is at .18 m asl, and average elevation in the 

Sedge community is .62 m asl), and Dos Leones (the dry season water table is at 9.10 m, 
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average elevation in the Sedge community is 9.53 m).  But it is not the case at Tintal and 

Zanja.  Unfortunately, pits were not excavated to establish the water table along transects 

in all the wetlands.  Zanja and Esperanza were the two wetlands where pits were dug 

along transects.  At Esperanza, the water table on June 10, 2010 was .25 m below the 

lowest surface reading in the Sawgrass Marsh community, while at Zanja, the water table 

on June 26, 2009 was 1.35 m below the lowest surface reading in the Sawgrass Marsh 

community.  Although both water tables were checked in June, the year was different and 

the depth difference may reflect inter-annual differences in rainfall and groundwater 

levels.  However it is possible that not only water table position, but also soil type, soil 

water-holding capacity, and capillary rise play a role in determining the distribution of 

vegetation communities.  Future data on water table elevations tied directly to 

topographic transects will allow a more quantitative assessment of the relationship 

between wetland water levels and vegetation communities. 
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Figure 3.17.  Overview of the Esperanza elevation transect, looking east.   
 

 
 
Figure 3.18.  Google Earth image of the Esperanza wetland showing the location of the 
elevation transect (Map Data: Google, GeoEye, INEGI).   
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Figure 3.19.  Schematic profile of the Esperanza elevation transect. 
 

 
 
Figure 3.20.  Elevation ranges (sorted high to low by average elevation) for the different 
vegetation communities mapped along the Esperanza transect.  Horizontal red bars 
indicate the average elevation for each community.   
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Figure 3.21.  Overview of the Tintal elevation transect, facing east.   
 

 
 
Figure 3.22.  Google Earth image of the Tintal wetland showing the location of the 
elevation transect (Map Data: Google, GeoEye, INEGI).   
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Figure 3.23.  Schematic profile of the Tintal elevation transect 
 

 
 
Figure 3.24.  Elevation ranges (sorted high to low by average elevation) for the different 
vegetation communities mapped along the Tintal transect.  Horizontal red bars indicate 
the average elevation for each community.   
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Figure 3.25.  Overview of the Media Luna elevation transect, facing east from the 
observation tower above the dock.   
 

 
 
Figure 3.26.  Google Earth image of the Media Luna wetland showing the location of the 
elevation transect (Map Data: Google, GeoEye, INEGI). 
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Figure 3.27.  Schematic profile of the Media Luna elevation transect. 
 

 
 
Figure 3.28.  Elevation ranges (sorted high to low by average elevation) for the different 
vegetation communities mapped along the Media Luna transect.  Horizontal red bars 
indicate the average elevation for each community.   
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Figure 3.29.  Overview of the Dos Leones elevation transect on May 13, 2009, facing 
east. 
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Figure 3.30.  Overview of the Dos Leones elevation transect on April 29, 2010, facing 
east.   
 

 
 
Figure 3.31.  Google Earth image of the Dos Leones wetland showing the location of the 
elevation transect (Map Data: Google, GeoEye, INEGI).  
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Figure 3.32.  Schematic profile of the Dos Leones elevation transect. 
 

 
 
Figure 3.33.  Schematic profile of the Dos Leones elevation transect showing the 2010 
water level. 
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Figure 3.34.  Elevation ranges (sorted high to low by average elevation) for the different 
vegetation communities mapped along the Dos Leones transect.  Horizontal red bars 
indicate the average elevation for each community.   
 

 
 
Figure 3.35.  Overview of the Zanja elevation transect, facing west.   
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Figure 3.36.  Google Earth image of the Zanja wetland showing the location of the 
elevation transect.  The historic canal is visible crossing the transect from northeast to 
southwest (Map Data: Google, GeoEye, INEGI). 
 

 
 
Figure 3.37.  Schematic profile of the Zanja elevation transect. 
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Figure 3.38.  Elevation ranges (sorted high to low by average elevation) for the different 
vegetation communities mapped along the Zanja transect.  Horizontal red bars indicate 
the average elevation for each community.   
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Water Level Loggers 

Corchal 

 A water level logger was installed in the Corchal wetland on Friday June 25, 

2010.  It was placed in a shallow pool beneath the boardwalk that leads into the Annona 

Swamp Forest (Figure 3.39).  The pipe was strapped to a boardwalk piling and the logger 

casing sat on bedrock at the bottom of the pool.  The logger began recording on July 1, 

2010 (after the onset of the 2010 rainy season) and was removed from the wetland on 

August 12, 2012, yielding 25 months of data.  The starting water level on July 1, 2010 

was .88 m above the logger sensor (Figure 3.40).  For the remainder of the 2010 rainy 

season, water level rose to a maximum height of 1.88 m on September 4, and remained at 

this level for three to four weeks.  From the beginning of October 2010, water level 

decreased steadily over the next eight months to a 2011 dry-season low of .29 m on June 

14, 2011.  Water level remained near the 2011 dry-season low for most of the month of 

June 2011.  With the onset of the rainy season, water level shot up .87 m over the course 

of five days between June 25 and June 30, 2011.  Water continued to rise in a more 

irregular fashion, peaking at 2.11 m on November 11, 2011.  However, water levels 

stayed high for about two months (October 25 through December 25, 2011).  From mid-

December 2011 through mid-April 2012, the water level decreased from 2.05 m to 1.35 

m.  Water level remained near 1.35 m for about five weeks (until May 22, 2012), when 

the 2012 rainy season commenced and levels began to rise again.  The final recorded 

water level was 1.80 m on August 12, 2012, at which point the logger was removed from 

the wetland.       
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Media Luna 

 A water level logger was installed in the Media Luna wetland on Tuesday June 

29, 2010.  The logger was placed at the edge of a very shallow lagoon.  The pipe was 

inserted vertically into the lagoon sediment, with the logger casing facing up (Figure 

3.41).  Since the logger casing was close to the sediment-water interface, some of the top 

sediment was removed to avoid interference.  The logger began recording on July 1, 2010 

(after the onset of the 2010 rainy season).  An attempt was made to retrieve the logger in 

August 2012, but due to high water levels in the Media Luna wetland, this was not 

possible.  Data is therefore limited to the previous download date of May 31, 2011, which 

yields only 10 months of data.   

 The starting water level on June 29, 2010 was .35 m above the logger sensor 

(Figure 3.42).  Increases in water level from July to September 2010 occurred in 

irregular, step-like fashion.  Increases of .20 m between July 6 and July 9, and .10 m 

between September 2 and September 5, likely reflect local rain storms.  Water level 

reached a 2010 rainy-season peak of 1.15 m, and remained close to this level from 

September 27, 2010 through October 6, 2010.  Subsequently, with the onset of the dry 

season, water level began decreasing.  From October 6, 2010 to January 10, 2011 water 

level decreased steadily.  From January 10 to March 30, 2011, there was a net decrease in 

water level but it occurred irregularly, due to apparent rain storms causing water to rise 

on January 11 (.10 m rise), February 4 (.05 m rise), February 11 (.07 m rise), and March 

6 (.10 m rise).  The top of the logger initially became exposed to air around May 6, 2011, 

when the temperature reading started to oscillate much more rapidly than in the previous 
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ten months (air has a much lower specific heat capacity than water does).  Water level 

continued to drop through May 2011, with a final recorded water level of .02 m on May 

31, 2011.   

 

Synopsis of the Water Logger Data 

 The water level loggers provide an hour-by-hour record of how the wetland goes 

from being dry enough to traverse in an average dry season, to being filled with ca. 1 m 

of water in an average rainy season.   There are several interesting points to note with 

respect to the logger data.  The first is the variation in the same wetland from 2010 to 

2012 - in how deeply it floods, and how long it stays at peak flood levels and peak dry 

levels.  At the Corchal wetland, the 2010-2011 dry season amplitude (difference between 

2010 maximum level and 2011 minimum level) was 1.58 m.  The 2011 rainy season 

amplitude (difference between 2011 minimum level and 2011 maximum level) was 1.82 

m, which is .25 m greater.  In 2010, peak water levels are only maintained for about three 

weeks, while in winter 2011, they are maintained for six to seven weeks.  The 2010-2011 

dry season is almost nine months long, while in 2011-2012 it is only 5.5 months long.  

Furthermore, water level only drops down .76 m from a high of 2.11 m to a “low” of 1.35 

m, which is less then half of the decrease (1.58 m) seen in the previous dry season.  The 

2011-2012 dry season is virtually non-existent.  The wetland doe not really dry out before 

it starts raining again at the end of May 2012.   

 A second interesting point is the variation in flooding between different wetlands 

in the same year.  Although there are only 10 months of data from Media Luna, these 



171 

data can be compared to the first 10 months of data from Corchal.  At Corchal, the 2010 

rainy season amplitude (difference between starting water level and 2010 maximum 

level) was 1 m, and at Media Luna it was .80 m.  Subsequently, the 2010-2011 dry season 

amplitude (difference between 2010 maximum level and 2011 minimum level) at Corchal 

was 1.58 m while at Media Luna it was only 1.13 m.  The two wetlands are less than 8 

km away from one another, and it seems strange that one would be receiving significantly 

more rain than the other.  Another explanation for the amplitude discrepancy is that, even 

with similar rainfall, slight differences in geohydrology cause Corchal to tend to flood 

more deeply than Media Luna.   

 The final point on the logger data is that it can be used set the correct maximum 

and minimum water levels on the Media Luna elevation transect, at least as they were 

between the 2010 rainy season high (1.06 m asl) and the 2011 dry season low (-.07 m asl; 

Figure 3.43).  The difference in these two values gives an amplitude of 1.13 m.  Although 

this amplitude may vary by .10 or .20 m from year to year, knowing the approximate 

amplitude is important to paleoenvironmental reconstruction, which will be discussed in 

Chapter 5.  If the average water table position 2000 years ago can be established, then 

applying this amplitude to it will reveal if and how much the wetland would have flooded 

at that time.   
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Figure 3.39.  Water level logger at Corchal. 
 

 

 
 
Figure 3.40.  Graph of changes in water level (blue line) and water temperature (red line) 
at Corchal from July 1, 2010 to August 12, 2012.  The rapidly oscillating temperature line 
at the right of the graph indicates the logger became exposed to air.   
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Figure 3.41.  Water level logger in mud at Media Luna.   
 

 

 
 
Figure 3.42.  Graph of changes in water level (blue line) and water temperature (red line) 
at Media Luna from July 1, 2010 to May 31, 2011. The rapidly oscillating temperature 
line at the right of the graph indicates the logger became exposed to air.   
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Figure 3.43.  Schematic profile of the Media Luna elevation transect showing the modern 
dry season and rainy season water levels based on the water logger data. 
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Conclusions 

 Fifteen vegetation communities were defined and their distributions mapped 

within the survey area of each wetland included in this dissertation (discussed in Chapter 

4).  Many of these communities were previously known from El Edén, and the new 

communities I defined were based on plant voucher specimens identified by botanist Juan 

Castillo in Cancun.  The most common wetland vegetation communities are Tintal, 

Tasistal, Sedge, and Sawgrass – they were encountered in almost every wetland 

surveyed.  Other communities such as Jicaral Forest were rare and only observed in one 

or two places.   

 In order to assess the elevation ranges occupied by each of these 15 vegetation 

communities, elevation transects were established in five wetlands.  The elevation 

transect profile diagrams provide an idea of the cross-sections of different wetlands I 

visited (see Figure 3.19, Figure 3.23, Figure 3.27, Figure 3.32, and Figure 3.37).  For 

example, the Esperanza wetland is narrow and fairly symmetrical, with steep sides and 

deep soil in the center.  The Media Luna wetland is much wider, with more irregular 

topography including many magotes and shallow depressions, and it is also much steeper 

on one side than it is on the other. As can be seen in the profile schematics, the 

Transitional Forest and Tintal Communities tend to be found in slightly higher, drier 

areas of the wetland (further from the water table) and are typically associated with 

shallow soils).  Meanwhile, communities such as Sedge, Sawgrass, and Vine occur in 

lower, wetter areas of the wetland where the water table is close to the surface.  They also 

tend to be associated with deeper soils, but this is not always the case.   
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 Across each transect, elevations for a given vegetation type were combined to 

produce the ranges seen in Figure 3.20, Figure 3.24, Figure 3.28, Figure 3.34, and Figure 

3.38).  There is almost always some overlap in the ranges of adjacent vegetation 

communities.  However, looking at the averages (red lines), the topographic distribution 

becomes clearer.  Nevertheless, some communities, such as Sedge, Vine, and Sawgrass, 

occupy essentially the same elevation range.  As was noted in some wetlands visited in 

multiple years, slight changes in water table position from year to year allow these 

communities to shift or switch their topographic position relative to one another.  This 

issue will be addressed further in Chapter 5.     

 The water logger data indicate it takes less than three months for wetlands to fill 

up with water, maximum water levels are maintained for approximately one month, then 

it takes about six months for wetlands to dry out.  Water level increases are a function of 

rain storms falling directly on the wetland, as well as local and regional water table rise 

due to regional storms.  The logger data from Media Luna, Corchal, and El Edén (see 

Chmilar 2013) are in good agreement, revealing similar trends in the timing and degree 

of wetland water level change from 2010 to 2012.  They show variations in rainfall and 

water table rise between different wetlands in the same year, and between different years 

(2010 to 2012) in the same wetland.  This information will be incorporated into the 

paleoenvironmental reconstruction and assist in interpreting the distribution of rock 

alignments. 
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CHAPTER 4 : RESULTS PART 2 - WETLAND DESCRIPTIONS 

 

Introduction 

 This chapter presents the results of reconnaissance survey at the 25 wetlands that 

are part of this dissertation (Figure 4.1).  I describe access to the wetland, survey 

coverage, vegetation, and rock alignments if present.  In the description of vegetation, 

vegetation communities (described in Chapter 3) have their first letters capitalized (e.g. 

Muk, Peat Bog, Sedge-Eleocharis).  Individual species are referred to by either their 

common name (in lowercase) or their scientific name.  At wetlands where soil samples 

were collected, a description of the soil sample location is provided, as well as a brief 

account of the stratigraphy.  Finally, distance to nearest archaeological sites is given.   

 Several maps are provided for each wetland.  These include at a minimum a 

vicinity map, a location map, and a vegetation map.  The vicinity map shows the location 

of the wetland with reference to the nearest modern town or road, and nearest 

archaeological sites.  The location map (larger scale) shows only the wetland, with the 

survey area, path of reconnaissance, rock alignments when present, soil pits when 

present, and any other relevant features such as trails or archaeological ruins (e.g., 

pyramids and house mounds).  The vegetation map shows color-coded vegetation in the 

survey area.  Mapped vegetation communities correspond to those described in Chapter 

3.  Additional maps include detail maps (inset maps) of rock alignments in wetlands.  At 

wetlands where new archaeological sites were encountered, a map is provided of the 

mounds and structures (ruins).  Sites were not investigated in detail, and the shape and 
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orientation of ruins shown on the maps are only an eyeball approximation.  The basemaps 

used here are the INEGI (2001) black and white aerial photographs or the Landsat TM 5 

satellite image (USGS 2009).  It should also be noted that all Yalahau site locations, 

modern towns, roads, Yalahau region outline, and Yucatán Peninsula outline appearing 

on the following maps were generously provided in digital form by Jeffrey Glover.    
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Figure 4.1.  Map of the Yalahau region showing the location and names of the 25 
wetlands surveyed for the dissertation.   
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Wetland Descriptions 

 

San Pastor 

 San Pastor wetland is located 20 km northeast of the modern village of San Angel 

(Figure 4.2).  It is 2.18 km2, measuring approximately 6.7 km north-south by 500 m east-

west (Figure 4.3).  Our survey area covered .41 km2, representing 19 percent of the 

wetland.  The unpaved road heading east from San Angel ends after about 20 km, and 

from there it is necessary to take an extremely rocky 2-track (ungraded dirt road) for 3.5 

km north to reach the southern part of the wetland.  The 2-track continues north through 

the wetland for about 2 km, then enters the forest again on the western side of the wetland 

and runs for another 1 km north to end at a small milpa.  The drive from Kantunilkin 

takes about 3 hours, thus there was limited time for survey.  The southern part of the 

wetland that the 2-track runs through is narrow, only about 150 m wide, and appears 

more as a prairie than a wetland.  The fact that trucks are able to cross the wetland here 

indicates firm ground and shallow soils and perhaps infrequent flooding.  My guide 

informed me that this part of the wetland had not flooded in years; however, dried 

periphyton was noted surrounding alignments RA-1 and RA-3, suggesting some 

inundation.   

 

Vegetation 

 The vegetation in the southern part of San Pastor is dominated by a Drygrass 

community (mostly Echinochloa sp.), with scattered individuals of calabash, small tasiste 
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palms, chilib, and sawgrass patches found near the edges of the open wetland (Figure 

4.4).  Within the Drygrass zone are narrow, shallow, winding Sedge Marsh channels 

filled with duck potato, Nymphoides sp., Andropogon sp., and what appear to be saplings 

of sawgrass or Scirpus cubensis.  These Sedge Marsh areas appear to have been burned in 

recent years. 

 The central portion of the wetland is covered by an extensive Sawgrass Marsh 

community, interspersed with and bordered by Peat Bog communities.  In 2009, these 

Peat Bogs were full of tes plants.  However, similar to what was found at Dos Leones, 

upon returning to San Pastor in 2011, the tes plants had all died and fallen over.  Water 

lilies (Nymphaea ampla) and scattered individuals of Eleocharis sp. have sprung up in 

their place.  Apparently tes prefers drier soil conditions.  Outside of the Peat Bog 

communities are Sedge Marsh communities dominated by Eleocharis sp., duck potato, 

and periphyton mats.  The eastern part of the wetland, on slightly higher ground, is 

covered mainly by Scirpus cubensis but includes stands of low sawgrass.  Along the 

western edge of the wetland there is a strip of vegetation including cattails, reeds, Scirpus 

cubensis, sawgrass, calabash, and tasiste palms.  Just west of this strip is a Tintal Forest 

community, which transitions quickly into Upland Forest.   

 

Rock Alignments 

 Six rock alignments were identified at San Pastor (see Figure 4.3).  In Survey 

Area 1 in the southern part of the wetland, two alignments (RA-5 and RA-6) were 

recorded (Figure 4.5).  RA-5 is 15 m long and forms an arc extending west from the edge 
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of Tintal Forest.  RA-6 is found just to the east within the Tintal Forest where it connects 

two low hummocks (Figure 4.6).  RA-5 and RA-6 are bridged by a hummock with Tintal 

Forest vegetation, suggesting these two alignments may have functioned together.   

 The two most impressive alignments are RA-1 and RA-3, found in Survey Area 2 

(Figure 4.7).  They are well known by members of the ejido since the 2-track passes right 

through them.  RA-1 is 193 m long, straight, and several stones high and wide (Figure 

4.8).  It begins at the edge of Tintal Forest at its northwestern terminus and ends 40 m 

from Tintal Forest in the southeast, where the Drygrass community begins to blend with 

chilib, sawgrass, tasiste palms, and calabash.  The alignment runs primarily through 

Drygrass community vegetation (dominated here by Echinochloa sp.), but crosses a 

narrow (less than 2 m wide) channel filled with a Sedge community near its midpoint, 

and apparently makes a jog to avoid a tiny ephemeral depression 30 m southeast of here.   

 Rock alignment RA-3 is located just south of RA-1.  The southeastern terminus of 

RA-1, in fact, comes within 15 m of RA-3.  RA-3 is 225 m long and meanders in a large 

arc from one edge of the wetland to the other (Figure 4.9).  It runs primarily through the 

Drygrass community, but crosses a shallow Sedge community just west of its midpoint.  

RA-4 is an ephemeral, 3-m long alignment found 50 m east of RA-3 in a Tintal Forest 

community where it connects two low bedrock hummocks.   

 Finally, alignment RA-2 is found in the Sedge-Eleocharis community in the 

central part of San Pastor wetland (Figure 4.10).  It runs east to west for approximately 20 

m and appears to be about half buried by soil (Figure 4.11).  Although the vegetation is 



183 

the same on either side of this alignment, RA-2 may block water draining south into the 

Peat Bog and Sawgrass Marsh.   

 

Closest Archaeological Settlement 

 Three low earthen mounds were identified in a milpa adjacent to the western edge 

of the wetland.  The Tio Feliz site (identified in 2010) is 1 km east, and San Angel B is 2 

km south (see Figure 4.2).  At the Tio Feliz site, 21 mounds were identified, most being 

less than 1 m tall (Figure 4.12).  Several mounds, particularly Str-5 and Str-6, were 

littered with broken artifacts including conch shells and incensario fragments (Figure 

4.13 and Figure 4.14).  A small stone altar, typical of the Postclassic period, was found 

adjacent to Str-6 (Lorenzen 1995).  Additionally, four chultunes (rare in the Yalahau 

region; see Glover 2006:679), two still with their stone caps in tact, were found at the site 

(Figure 4.15).   
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Figure 4.2.  San Pastor vicinity map. 
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Figure 4.3.  San Pastor location map. 
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Figure 4.4.  San Pastor vegetation map. 
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Figure 4.5.  San Pastor Survey Area 1 map. 
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Figure 4.6.  San Pastor RA-6 facing east. 
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Figure 4.7.  San Pastor Survey Area 2 map. 
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Figure 4.8.  San Pastor RA-1 facing northwest. 
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Figure 4.9.  San Pastor RA-3 facing east.   
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Figure 4.10.  San Pastor Survey Area 3 map. 
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Figure 4.11.  San Pastor RA-2: (a) panorama facing south; (b) facing east.   
 

a 
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Figure 4.12.  Tio Feliz site map.   
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Figure 4.13.  Str-6 at the Tio Feliz site, facing northwest from Str-5.   
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Figure 4.14.  Artifacts at the Tio Feliz site: (a) and (b) incensario fragments; (c) incised 
sherd; (d) ceramic disc; (e) broken conch shell.   
 
 

 
 
Figure 4.15.  Features at the Tio Feliz site: (a) altar; (b) chultun with stone cap.   
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Chantomate 

 This wetland is located 3.6 km northeast of the modern village of San Angel 

(Figure 4.16).  Access to the wetland is provided by a 2-track running north from km 4 on 

the San Angel unpaved road.  After about a kilometer, the 2-track reaches a large cattle 

ranch.  We parked on the ranch owner’s property and walked through his pasture and 

milpa for another 300 m to reach the edge of the wetland.  The size of the wetland is .88 

km2, measuring 2 km north-south by 600 m east-west.  Our survey covered .35 km2, 

representing 40 percent of the wetland (Figure 4.17).   

 

Vegetation 

 This wetland is dominated by the Sedge-Eleocharis and Vine communities, 

although the Vine community seems to have increased its coverage from 2009 to 2011 

(Figure 4.18).  Amidst these communities are several magotes (bedrock hummocks 

apprearing as islands) typically covered with a Muk community, Tintal Forest, or Upland 

Forest vegetation.  There are also more subtle topographic rises and depressions.  As will 

become apparent, these landscape features figure prominently into the placement of rock 

alignments.  In the south-central part of the wetland there is a depression filled with a 

Herbaceous community and a dry water hole at its center.  There are also extensive areas 

of Tasistal and Muk communities in the southern and northwestern extremities of the 

wetland; however they were left largely unsurveyed due to issues of accessibility.   
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Rock Alignments 

 Thirteen1 rock alignments were recorded at Chantomate (see Figure 4.17).  The 

majority of them are small and ephemeral.  All alignments are less than 30 m long, less 

than .30 m tall, and have widths ranging from .20 to .70 m.  In the northwestern part of 

the wetland, alignments RA-1 through RA-4 all originate on a low magote covered with 

vegetation of the Muk community (Figure 4.19).  RA-1 crosses a dry Sedge-Eleocharis 

community to connect to a topographic rise to the east.  The terrain slopes slightly down 

to the south here into a small depression filled with a Vine community.  RA-2 runs across 

a small saddle on top of the magote, perhaps to connect two slightly higher spots on the 

magote, or to block the western edge of the magote.  RA-3 comes off the northwestern 

part of the magote into a Drygrass community but stops before reaching the next bit of 

higher ground.  RA-4 extends only a few meters from the magote edge before terminating 

(Figure 4.20).   

 Alignments RA-6, RA-7, and RA-9 are found about 200 m south of the first four 

alignments (Figure 4.21).  RA-6 connects two slight topographic rises, crossing a 

desiccated Vine community.  It is not clear if the terrain just to the north is lower or level 

with the terrain at the alignment (even though Eleocharis sp. tends to sit topographically 

lower than dessicated yarrow).  However, there is a large depression with a Peat Bog 

community starting 30 m south and the alignment may block water running from north to 

south into this depression.  Deep soils (.30-1.25 m) were noted in the Sedge-Eleocharis 

area to the north, but soils were only about .30 m deep in the Peat Bog depression to the 

                                                 
1 In the field, RA numbers 1-14 were assigned; subsequently, one was eliminated; the end result was 13 
alignments, but original RA numbers were maintained. 
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south.  RA-7 connects a low magote with a Sawgrass community to an almost 

imperceptible bare-soil topographic rise, and like RA-6, may block the north-to-south 

passage of water through a very shallow area in between them.  However, there is a 

similar shallow passage on the western side of the topographic rise that is not blocked.  

Alignment RA-9 is only 5 m long, but interesting in the fact that it leads from a small 

topographic rise at the north, to a micro-cenote (now filled with a Vine community) at the 

south (Figure 4.22).  This is one of the few alignments that appears to lead to a particular 

feature, namely a water hole in the wetland.      

 In the northeastern corner of the wetland, alignments RA-10 through RA-14 are 

found in similar contexts as those already mentioned (Figure 4.23).  RA-10, RA-11, and 

RA-12 are found crossing Muk communities to connect higher areas on either side.  RA-

13 connects two topographic rises with Drygrass communities, crossing terrain that 

slopes gently down to the south into slight depressions with thicker, greener Vine 

communities (Figure 4.24).  RA-14 links the edge of the wetland to a small magote with 

Tintal and Muk communities (Figure 4.25).  Finally, alignment RA-5, located in the east-

central part of the wetland, connects the large magote with Upland Forest (including a 

ceiba tree) to a topographic rise with a Drygrass community (Figure 4.26).  The terrain at 

this alignment slopes slightly down to the west from a desiccated Vine community to a 

Sedge-Eleocharis community.  Relatively deep (.40 to .70 m) and extremely clayey soils 

were probed just east and west of this alignment.  RA-5 is about .5 m wide (2-3 courses) 

and made of fairly small, rounded cobbles that would have been fairly easy to walk 

across.   
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Closest Archaeological Settlement 

 The site of T/G-1 (discussed under the Media Luna wetland) is located 3 km 

southwest.  Beyon this, Sabana China is found 5.5 km to the northeast, and the site of San 

Ramon is located 5.7 km to the north.   
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Figure 4.16.  Chantomate vicinity map. 
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Figure 4.17.  Chantomate location map. 
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Figure 4.18.  Chantomate vegetation map. 
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Figure 4.19.  Chantomate Inset 1 map. 
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Figure 4.20.  Chantomate RA-4 facing north. 
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Figure 4.21.  Chantomate Inset 2 map. 
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Figure 4.22.  Chantomate RA-9 facing north.  Alignment runs from topographic rise in 
background to micro-cenote in foreground filled with greener Achillea millefolium.  
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Figure 4.23.  Chantomate Inset 3 map. 
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Figure 4.24.  Chantomate RA-13 facing east.   
 

 
 
Figure 4.25.  Chantomate RA-14 facing south.   
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Figure 4.26.  Chantomate Inset 4 map. 
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Esperanza Chico 

 This wetland is located 25 km east of the modern town of San Angel (Figure 

4.27).  The unpaved road runs for about 21 km, after which a rough 2-track continues 

another 2 km, ending at an old milpa.  From here, a trail led the remaining 3 km to the 

wetland.  Esperanza Chico wetland is 1.4 km2 in size, measuring approximately 1.9 km 

north-south by 800 m east-west.  The surey area covered .09 km2, representing 4.7 

percent of the wetland.  Our reconnaissance was limited to the perimeter of the wetland 

due to some flooding in the center of the wetland (Figure 4.28).   

 

Vegetation 

 The vegetation of this wetland is dominated by the Sawgrass Marsh and Sedge 

Marsh communities (Figure 4.29).  The center of the wetland contains an extensive 

Sawgrass Marsh community.  Surounding this is a Sedge-Scirpus community.  

Continuing out from the center, one encounters a second, shorter Sawgrass community, 

followed by a Tasistal community, then a Tintal community.  In some places the Tasistal 

community was wider; in others it was non-existent, in which case the short Sawgrass 

community directly abutted the Tintal community.  Along the western side of the 

wetland, the pedestrian trail followed a narrow (less than 10 m wide) band of a drier 

Sedge community separating the Tasistal and/or Sawgrass community from the Tintal 

community.  The presence of this Sedge community band, as well as the pedestrian trail 

(which continues north into the adjacent wetland) made passage fairly east on the western 
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side of the wetland, while on the eastern and southern sides, dense stands of tall Sawgrass 

Marsh and Tasistal communities made passage difficult.   

 

Rock Alignments 

 Thirteen rock alignments were recorded at Esperanza Chico (see Figure 4.28).  

All alignments were small (less than 22 m long) and somewhat ephemeral, with the 

exception of RA-4 (82 m long).  RA-1 and RA-6 may function together (Figure 4.30).  

RA-1 appears to block the low margin of a small sawgrass-filled depression found at the 

edge of Tintal Forest.  Alignments RA-2 and RA-3 are similar in that they both run 

parallel to slope (or perhaps better described as running parallel to direction of the open 

savanna).  They run from the Tintal Forest at the bank of the wetland, cross a narrow 

Sedge community corridor, and end on magote with Tintal in the case of RA-2, and in a 

Tasistal community in the case of RA-3 (Figure 4.31).  Alignments RA-9 and RA-11 also 

are short features coming off of higher ground with a Tintal community and running 

parallel to slope into the wetland.  RA-7 and RA-8 are found in the short Sawgrass Marsh 

community, and seem to work together to block off a shallow 15-m diameter 

depression/pool adjacent west of RA-7 (Figure 4.32).  In the northwestern corner of the 

wetland, alignments RA-10 and RA-12 run perpendicular to slope within about 10 m of 

the edge of the savanna (where the Tintal Forest begins) and may block the downhill side 

of slight depressions at the edge of the wetland (Figure 4.33).  For example, a small 

depression filled with a Cattail Marsh community is sandwiched between RA-12 and the 

edge of the Tintal Forest.  Alignment RA-4, at 82 m in length, is much longer than the 
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other alignments at Esperanza Chico.  It runs perpendicular to slope, close to the 

boundary of a Tasistal community and a Tintal community in the northwestern corner of 

the wetland.  The Tasistal community extends for about 80 m south of RA-4 before 

meeting the short Sawgrass community.  What this means is that the area around RA-4 

represents a more gradual slope into the wetland compared to that around the other 

alignments.  Alignment RA-5 may link to RA-4 functionally.  It is positioned only 5 m 

from the western terminus of RA-4, where it blocks a tiny inlet into the Tintal community 

on the bedrock bank.  Finally, one alignment, RA-13 was found isolated in the 

northeastern corner of the wetland (Figure 4.34).   

 

Closest Archaeological Settlement 

 The Postclassic site of San Angel B is located about 5 km to the west.  

Additionally, a small site (Esperanza Chico) was identified in 2010 located 1 km west of 

the wetland (see Figure 4.27).  Several low house mounds and dry stone property walls 

were encountered along the trail leading to the wetland (Figure 4.35).  We explored off 

the trail a bit and found several more mounds including a 3-m tall pyramid (Str-5) with an 

altar, and two platforms with superstructures (Figure 4.36).   
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Figure 4.27.  Esperanza Chico vicinity map. 
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Figure 4.28.  Esperanza Chico location map. 
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Figure 4.29.  Esperanza Chico vegetation map. 
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Figure 4.30.  Esperanza Chico Inset 1 map. 
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Figure 4.31.  Esperanza Chico RA-2 facing north. 
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Figure 4.32.  Esperanza Chico RA-8 facing northeast.  Note depression with water at left. 
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Figure 4.33.  Esperanza Chico Inset 2 map. 
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Figure 4.34.  Esperanza Chico Inset 3 map. 
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Figure 4.35.  Esperanza Chico Site map. 
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Figure 4.36.  Altar atop the Str-5 pyramid at the Esperanza Chico site.  
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Media Luna 

 This wetland is located 1 km east of the modern village of San Angel, and is 

crossed by the unpaved road heading east from the village (Figure 4.37).  Several small 

farm plots and ranches abut the narrow band of Tintal Forest at the edge of the wetland.  

Due to the close proximity of the wetland to San Angel, and to the high concentration of 

rock alignments, more time was spent here than at other wetlands.  Media Luna covers an 

area of 1.57 km2, measuring approximately 3.7 km north-south by 300 m east-west, 

except for the northern end where it widens to 1.2 km east-west.  Our survey area covered 

.86 km2, representing 54 percent of the wetland (Figure 4.38).  There are numerous 

access points for this wetland.  The initial survey focused on the part of the wetland south 

of the unpaved road, which was reached by a small trail through the roadside brush.  In 

subsequent visits we entered in the northern end of the wetland, following a 2-track 

heading north from the village for 2.7 km, then a maintained trail for 250 m.  This trail 

ends at a 15 m tall observation tower, built and maintained by the Kay Kutz ecotourism 

outfit in San Angel.  Kay Kutz has a smaller observation tower on an island in the 

wetland, as well as two docks from which to launch kayaks, and a zip line.  

Reconnaissance included most of the wetland south of the unpaved road, plus two areas 

north of the road.  The majority of time was spent in the northernmost survey area where 

we identified a large number of rock alignments, established an elevation transect, and 

took soil cores.  
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Vegetation 

 The vegetation at Media Luna is dominated by the Sedge-Eleocharis and Sedge-

Scirpus communities, several shallow lagoons, and two large Peat Bog communities 

which on the surface appear as mud flats (Figure 4.39).  The wetland south of the 

unpaved road contains extensive areas of Drygrass and Tasistal communities.  At the 

northern edge of the wetland, many magotes were scattered about, typically covered with 

a Tintal or Muk community, surrounded by Sedge Marsh community vegetation.  In the 

north, relatively narrow bands of Vine, Muk, and Tintal border the Sedge communities.  

Especially on the western side of the wetland, the terrain rises quickly, changing from a 

Sedge community to Upland Forest over a distance of 20-30 m.  On the eastern side, the 

area covered by the Tintal community is significantly broader (up to 150 m wide), 

indicating more gently sloping terrain.  In accordance with this topography, modern 

farms and ancient Maya house mounds are built close to the edge of the wetland on the 

western side.      

  

Rock Alignments 

 Sixty-two2 rock alignments were identified and recorded at Media Luna (see 

Figure 4.38).  The vast majority (54 of 62) of these alignments were found at the northern 

edge of the wetland associated with bedrock hummocks (Figure 4.40 and Figure 4.41).  

In the north (Survey Area 1), the alignments tend to be less than 20 m long, and connect 

one bedrock hummock to another (Figure 4.42, Figure 4.43, Figure 4.44, Figure 4.45, and 

                                                 
2 In the field, RA numbers 1-69 were assigned; subsequently, seven were eliminated; the end result was 62 
alignments, but original RA numbers were maintained. 
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Figure 4.46).  These alignments traverse Sedge or Vine communities, and terminate at the 

edges of hummocks with Muk or Tintal communities growing on them.  They can be 

considered magote-to-magote Type alignments (discussed in Chapter 5).  Looking at 

these magote-to-magote alignments together, they can be seen to create a series of 

enclosed spaces.  Several alignments, however, were found in slightly higher elevation 

vegetation zones, or occur in a different configuration than the magote-to-magote 

alignments.  RA-5 and RA-2, for example, are found at the edges of a Tintal Forest 

magote.  RA-47 crosses a narrow low spot between a Tintal and a Muk community, but 

then continues to run across the Muk community magote.  Likewise, RA-65 connects 

magotes with Tintal and Muk communities, but the area in between is a Muk community 

rather than a Sedge community, and thus is slightly higher in elevation.  Alignments RA-

6 through RA-9 and RA-12 seem to run perpendicular to slope, blocking off small areas 

of a Drygrass or Sedge community at the eastern edge of the wetland.  RA-48 is the 

longest alignment in the north, measuring 70 m in length (Figure 4.47).  It runs from a 

Tintal Forest peninsula at the north edge of wetland to the Tasistal community island in 

the center of the wetland.   

 Moving south, six rock alignments were recorded in Survey Area 2 (Figure 4.48).  

RA-29 is the longest alignments found at Media Luna, running 140 m from one edge of 

the wetland to the other (Figure 4.49 and Figure 4.50).  At the west, RA-29 begins 15 m 

east of the Muk community at the edge of a dry Vine community area.  About 30 m from 

the western terminus, the alignment makes a small jog.  At the eastern end, the alignment 

continues through the narrow Vine community, through a Sawgrass community, to end at 
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the edge of the Muk community.  Why the alignment does not terminate at the edge of 

the Vine community here, as it does on the western side, is unclear.  The other alignments 

nearby are found at the western edge of the wetland, perpendicular to slope.  RA-32 is 

ephemeral, but appears to connect to a small micro-cenote in the Muk community.  RA-

31 comes off the western edge of the wetland running parallel to slope, then makes a 90 

degree turn to run perpendicular to slope, blocking off a partial rectangle of a Sedge-

Scirpus community from the Sedge-Eleocharis community in the middle of the wetland.  

Similarly, RA-30 has a small segment running parallel to the edge of the wetland at the 

boundary of the Tintal Forest, then the alignment curves out into the wetland to block an 

uphill Vine area from a downhill Sedge-Eleocharis community (Figure 4.51).  RA-28 

runs parallel to the edge of the wetland at the boundary between the Muk and Sedge-

Scirpus communities, while the two segments of RA-27 form an L-shaped alignment just 

downhill in the Sedge-Eleocharis community (Figure 4.52).   

 Only two rock alignments were found in Survey Area 3 (Figure 4.53).  RA-17 and 

RA-18 both cross Drygrass communities to connect low bedrock outcrops with Muk 

communities on either side (Figure 4.54).  The eastern terminus of RA-18, however, 

leads to the edge of the wetland.  Both alignments are low (.5-.10 m tall) constructed of 

small stones (.5-.20 m in diameter), and several courses wide.  Soil depth was less than 

.05 m beneath and around RA-17.  RA-18 was built on similarly shallow soil; however 

soil depth 10 m north and south of RA-18 was .70 m and .40 m respectively.   
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Soils 

 Two profiles were studied at the Media Luna wetland (see Figure 4.40).  SP-1 was 

located in the open wetland dominated by Sedge-Eleocharis communities.  Soil depth to 

bedrock was 1.21 m and water was encountered at .15 m below surface.  The PVC tube 

was inserted to a depth of 1 m and the compacted core length was .67 m.  The SP-1 

profile included a 1-2-cm thick periphyton crust on the surface, beneath which were 

horizons O1, O2, A, A2, Bg, and Bt.  Carbonates and shell fragments were present only 

in the O1 horizon.  The O1 horizon is a peat mixed with carbonates, salts, shells, and 

periphyton, with a maximum of carbonates at 10-12 cm deep.  The O2 horizon is pure 

black peat.  The A horizons are black to very dark grey in color, have a clay texture, and 

have a small quantity of fine roots.  The Bg and Bt horizons are very high in clay content, 

have an angular blocky structure, and range in color from very dark grayish brown to 

olive brown.  A few medium roots are present here, and the Bt horizon has tiny inclusions 

of limestone and iron concretions.   

 Profile SP-2 was a pit excavated 100 m north of SP-1, in a similar vegetation 

community (Sedge-Scirpus), but closer to the edge of the wetland and surrounded by 

small magotes supporting palo tinto trees.  Soil depth to bedrock was .49 m below 

surface and the water table was not encountered.  A periphyton crust was on the surface 

here as well, beneath which were horizons A, A2, B, and B2.  The A horizons contain 

carbonates and fine roots, and are similar to the A horizons in SP-1 except are greyer in 

color.  The B horizons are identical to those in the SP-1 profile: extremely clayey with 

iron concretions and lacking carbonates.   
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Closest Archaeological Settlement 

 The presence of ancient house mounds in the modern village of San Angel was 

noted by Gallareta Negrón and Taube (2005) and given a temporary site name of T/G-1 

by Glover (2006), but no GPS points were taken.  Gallareta Negrón and Taube (2005:89) 

collected ceramics from seven mounds along the roadside 1 km east of the village.  The 

ceramics were identified as belonging to the groups Huachinango, Carolina, Tancah, 

Sierra, and Saban, all of which correspond to the Late Preclassic and Early Classic 

periods.  During our visits to Media Luna, 47 structures were identified scattered between 

the modern village and the edge of the wetland (see Figure 4.38).  Some of these are 

likely the same ones found by Gallareta Negrón and Taube (2005), and should be 

considered part of the T/G-1 site.  Several structures were noted alongside the 2-track 

leading from the village to the observation tower.  However, many others, such as the 

cluster south of the unpaved road and those close to the western edge of the wetland, 

were pointed out to us by local residents.  The majority of theses structures are earth and 

rubble platforms less than 10 m on a side and less than 1 m tall.  GPS points were taken 

on them, but dimensions are eyeball estimates.  However there were three more 

interesting structures on the western bank of the wetland near the south edge of Survey 

Area 1 (Figure 4.55): 

 

Structure 1:  this is a rectangular platform with intact vertical walls (Figure 4.56).  It 

measures 15 m north-south by 12 m east-west, and is less than 1 m tall.  The walls are 

constructed of cut limestone blocks with a maximum size of .40 by .30 by .20 m.  A 
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staircase with five steps ascends the western side of the platform.   On the top, two 

successive single course walls formed the edges of low landings.  

 

Structure 2:  this is a rectangular platform with no intact walls (Figure 4.57).  It measures 

approximately 60 m north-south by 40 m east-west, and is 1 m tall on the western side 

and 2 m tall on the eastern side.  A small rectangular superstructure was noted on the 

eastern side of the platform, but was highly damaged due to the 2-track passing through 

it.  A metate fragment was also noted near the northwestern corner of the platform.  A 

GPS track was taken around the perimeter of the structure, but height is only an eyeball 

estimate.    

 

Structure 3:  this is a pyramidal structure measuring approximately 15 m diameter and 3 

m tall (Figure 4.58).  No GPS track, only a waypoint, was taken on this structure, thus the 

shape and dimensions are approximate.   

 

Not far from these structures, two microcentoes were found near the edge of the open 

wetland.  Both are used currently to water horses.  The southern micro-cenote is a 

collared well that may be prehispanic (Figure 4.59).  The northern micro-cenote is 

unaltered.  Also in the vicinity, a chultun was discovered, dug into a natural bedrock 

terrace (Figure 4.60).   
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Figure 4.37.  Media Luna vicinity map. 
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Figure 4.38.  Media Luna location map. 
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Figure 4.39.  Media Luna vegetation map. 
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Figure 4.40.  Media Luna Inset 1 map. 
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Figure 4.41.  Media Luna Inset 1 map showing vegetation. 
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Figure 4.42.  Media Luna RA-13 facing southwest. 
 

 
 
Figure 4.43.  Media Luna RA-20 facing west.  
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Figure 4.44.  Media Luna RA-36 facing west. 
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Figure 4.45.  Panorama showing Media Luna RA-36 at left, RA-37 at top center, and RA-
44 at right.  



239 

 

 
 
Figure 4.46.  Media Luna RA-43 facing southeast.   
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Figure 4.47.  Media Luna RA-48 facing south.   
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Figure 4.48.  Media Luna Inset 2 map. 
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Figure 4.49.  Media Luna RA-29 panorama facing south.   
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Figure 4.50.  Media Luna RA-29 facing east.   
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Figure 4.51.  Media Luna RA-30 facing southwest. 
 

 
 
Figure 4.52.  Media Luna RA-27 facing north.   
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Figure 4.53.  Media Luna Inset 3 map. 
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Figure 4.54.  Media Luna RA-17 facing west.   
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Figure 4.55.  Media Luna Inset 4 map showing Structures 1, 2, and 3 at the T/G-1 site. 
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Figure 4.56.  T/G-1 Structure 1 facing east.   
 

 
 
Figure 4.57.  T/G-1 Structure 2 facing west.   
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Figure 4.58.  T/G-1 Structure 3 facing east.   
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Figure 4.59.  Well with possible ancient collar. 
 

 
 
Figure 4.60.  Chultun at the T/G-1 site.  
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Jona 

 Jona wetland is located 6 km southeast of the modern town of Solferino (Figure 

4.61).  The name Jona or Ho-na in Maya apparently means “come to my house”.  From 

the Kantunilkin-Chiquilá highway, a 2-track heads southeast for 3.9 km, at which point it 

reaches a fork.  The south fork, now overgrown, supposedly continues to an old ranch 

called Santa Rosa.  The east fork continues for 700 m, from which point a 1.2 km trail 

leads to the wetland.  The wetland covers an area of .68 km2, measuring approximately 2 

km north-south by 600 m east-west at its widest point.  Our survey area covered .43 km2, 

representing 63 percent of the wetland (Figure 4.62).   

 

Vegetation 

 The dominant vegetation community at Jona is Sedge-Scirpus, which covers the 

central corridor of the wetland (Figure 4.63).  Particularly in the middle third of the 

wetland, S. cubensis is underlain by peat deposits spreading out from the main lagoon.  In 

2009, the peat was covered only with a periphyton crust, the S. cubensis being largely 

restricted to the northern and southern parts of the wetland.  However in 2011, S. 

cubensis had come to blanket the central wetland.  The main lagoon is fairly shallow and 

muddy, and surrounded by a thick Herbaceous community.  There is a smaller lagoon and 

several microcenotes in the south of the wetland, and a small cenote located in the eastern 

part of the wetland.  Drygrass and Muk communities typically border the Sedge-Scirpus 

community, followed by a Tintal community moving towards the edges of the wetland.  

The large Drygrass community in the eastern part of the wetland includes scattered 
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patches of Jicaral, Sawgrass, and Muk communities.  In the northern and southern thirds 

of the wetland, S. cubensis is drier.   

 

Rock Alignments 

 Twenty-nine3 rock alignments were identified and recorded at Jona (see Figure 

4.62).  Alignments were found in all areas of the wetland.  In the north, RA-14, RA-16, 

RA-19, and RA-27 cross Sedge-Scirpus or Drygrass communities to connect magotes 

with Muk or Tintal communities (Figure 4.64).  RA-15 is similar, but considerably longer 

than the others, crossing a 48-m wide Sedge-Scirpus passage to link the eastern edge of 

the wetland to a narrow island with a Muk community in the center of the wetland.  RA-

17 seems to block a small inlet with a Vine community from the main Sedge-Scirpus 

community.  Soil depth beneath these alignments was 0 to .05 m, with the exception of 

RA-30 which sat in .30 m of soil.   

 In the eastern part of the wetland (Figure 4.65), RA-8 and RA-9 are two 

particularly unique alignments.  RA-8 is composed of limestone slabs laid completely 

flat, forming what appears to be a walkway (Figure 4.66).  RA-8 begins in a Drygrass 

community, near the Tintal Forest border, and extends about 10 m into a slight depression 

with a Sedge–Scirpus community, but ends 12 m from the small cenote at the center 

(Figure 4.67).  RA-9 is similar in form, but is only about 3 m long.  It begins a few meters 

downhill from RA-8, and runs directly to the bedrock edge of the cenote, with its final 

stone forming a step down towards the water.  Both alignments seem to provide access to 

                                                 
3 In the field, RA numbers 1-32 were assigned; subsequently, three were eliminated; the end result was 29 
alignments, but original RA numbers were maintained. 
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water in the depression, with RA-8 perhaps dating to a period of lower water levels when 

water was restricted to the cenote, and RA-9 dating to a period when water filled the 

entire depression.  The paved-walkway form of these two alignments is unique, as is the 

fact that they clearly lead to a water source (see Chantomate RA-9).  Nearby RA-10 and 

RA-28 connect a Drygrass community to a magote with Muk to block the S. cubensis 

depression from the main body of the wetland.   

 Moving southeast from here, several more alignments are found in a large 

Drygrass community.  RA-7 connects a small patch of Tintal Forest at the west, to Tintal 

Forest at the edge of the wetland at the east.  Interestingly, however, RA-7 continues into 

the Tintal Forest and makes a 90 degree turn to skirt the edge of a 5-m diameter Sedge 

depression.  Rock alignments RA-1 through RA-5 cross narrow Vine community 

channels to connect slightly higher areas with Muk or Drygrass communities on either 

side.  Just east of RA-5 is a 20 m diameter Vine community depression.  RA-1 and RA-2 

are built on shallow-soil saddles crossing the Vine channel, isolating shallow depressions 

on their southern sides (Figure 4.68).  RA-12 and RA-29 are short alignments extending 

from the wetland bank into the Sedge-Scirpus community, while RA-13 (Figure 4.69) 

appears to block a small S. cubensis area, bordered by a Vine community, from the main 

body of the wetland.   

 RA-30 is a rectangular-shaped alignment jutting out from the bedrock 

embankment at the eastern edge of the wetland (Figure 4.70).  Although the soil is 

shallow and vegetation a bit drier behind the alignment, such “terrace” type alignments 

tend to block slightly higher ground on one side (e.g., Media Luna RA-27 and RA-30).  
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But that is not the case here.   Jona RA-30 is associated with a small depression filled 

with thick S. cubensis.  There is also a micro-cenote at the northeastern terminus, and a 

curious gap in the alignment.   

 Finally, in the southern part of the wetland, eight alignments were found 

connecting magotes and blocking small areas of Drygrass communities jutting into areas 

with Muk (Figure 4.71).  RA-20, RA-21, RA-22, and RA-32 nearly enclose a slightly 

greener community of Sedge-Sciprus.  RA-26, RA-24, and RA-31 connect slightly higher 

Muk communities near the boundary of the Sedge-Scirpus and Drygrass communities.  

There is a small lagoon and several microcenotes with water access in the area, but none 

of the alignments are directly associated.    

    

Soils 

 Soil was sampled from three locations at Jona (see Figure 4.69).  SP-1 was 

located 120 m south of the central lagoon and 30 m north of the Tintal community at the 

edge of the wetland in the Sedge-Scirpus community.  The water table was encountered 

at .4 m below surface, and depth to bedrock was .55 m.  We extracted a PVC core that 

penetrated to bedrock, and the compacted core length was .50 m.  The profile showed 11 

thin horizons of alternating O and ABk types.  Shells, small roots, and poorly 

decomposed organic matter were present throughout the core, with soil becoming more 

clayey towards the bottom.  Most horizons also reacted to hydrochloric acid (HCL), 

indicating presence of carbonates.  SP-2 was a pit excavated 45 m south of the central 

lagoon in soft peat with a Sedge-Scirpus community.  The profile was essentially the 
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same as SP-1, except with thicker horizons due to greater soil depth.  Groundwater was 

first encountered in the pit at .9 m below surface, and gradually rose to .45 m below 

surface during excavation.  The pit was excavated down to bedrock, which was 

encountered at a depth of 1.35 m below surface.  SP-3 was a pit excavated in a Vine 

community depression amidst the large Drygrass community on the eastern side of the 

wetland.  This Vine community depression was blocked at the south and north by RA-1 

and RA-2.  The pit was excavated to a depth of .6 m, and bedrock was probed at 1.03 m 

below surface.  The profile of SP-3 demonstrated only two horizons: A from 0-.30 m, and 

B from .30-.60 m (and assumed to continue down to bedrock).  The B horizon was 

interesting in that it was a yellowish, extremely clayey soil that had not been seen before 

by UNAM colleagues working in the Yalahau wetlands.   

 

Closest Archaeological Settlement 

 The sites of San Roman and Monte Bravo are both located about 2.2 km to the 

east and northeast, respectively (see Figure 4.61).  Additionally, three ruins were noted in 

2010 along the 2-track leading to Jona, approximately 3.5 km northwest of the wetland.  

These were house mounds or platforms measuring 10 m by 20 m by 1 m tall, 15 m by 40 

m by 2 m tall, and 15 m by 15 m by 1 m tall.  They are likely associated with the 

archaeological site of Solferino, located 4.6 km northwest of Jona in the outskirts of the 

modern town of Solferino.   
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Figure 4.61.  Jona vicinity map. 
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Figure 4.62.  Jona location map. 
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Figure 4.63.  Jona vegetation map. 
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Figure 4.64.  Jona Inset 1 map. 
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Figure 4.65.  Jona Inset 2 map. 
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Figure 4.66.  Jona RA-8 facing west.   
 

 
 
Figure 4.67.  Cenote with RA-9 and RA-8 in background. 
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Figure 4.68.  Jona RA-1 facing north with RA-2 in the background.  
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Figure 4.69.  Jona Inset 3 map. 
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Figure 4.70.  Jona RA-30 facing south.   
 



265 

 
 
Figure 4.71.  Jona Inset 4 map. 
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Zanja 

 This wetland is found in the north central part of the Yalahau region, beginning at 

the north coast and stretching inland for 27 km south (Figure 4.72).  In the southern 19 

km of Zanja, the wetland is less than 300 m wide in the east-west direction.  In the 

northern 8 km, it begins to widen as a sort of delta, reaching a maximum width of 4.3 km.  

This wetland is interesting for its great length and possible function as a seasonal river 

and thus conduit for canoe travel in prehispanic times.  The movement of water and 

sediment from south to north in Zanja is supported by the delta-like feature at the 

northern end of the wetland, as well as by reports from local people of occasional 

freshwater discharges from the delta into Laguna Conil (Tulaczyk et al. 1993:185).  The 

name Zanja (translated as “ditch” in Spanish) comes from the 25 km-long canal running 

through the wetland.  This canal is thought to be associated with the British-run Tintal 

(dyewood) logging industry of the late 19th to early 20th century (see Glover 2006:242).  

Tintal swamp forests, found in many wetlands, were being harvested in the interior of the 

Yalahau region.  Cut Tintal trunks were then brought to the canal and floated by people 

to the north coast, where they would be loaded onto ships and transported to Europe 

(Andrews 1985:140-141).    

 Zanja wetland covers an area of 31 km2, making it the largest wetland in the 

Yalahau system.  Our survey area covered 2 km2, representing only six percent of the 

wetland.  The survey targeted three areas of the wetland.  Survey Area 1 was located in 

the southern portion of the wetland where it crosses (22 km from the north coast) the 

unpaved road coming from the modern town of San Angel.  A 2-track heads north from 
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the road and runs along the western edge of the wetland for 3.8 km.  The main focus of 

this survey area was establishing an elevation transect, and ground-verifying the southern 

terminus of the historic canal visible in aerial photographs (INEGI 2001).  Survey Area 2 

focused on a large lagoon in the center of the wetland about 4 km southeast from the 

north coast.  This area was selected primarily for soil sampling, anticipating deeper soil 

deposits near the lagoon.  From the small village of San Eusebio, located on the 

Kantunilkin-Chiquilá highway, an unpaved road runs east for 4 km, ending at a ranch.  

The Maya site of Zanja Pech is located on this ranch.  From there we walked north about 

500 m through the ranch to reach the edge of the wetland.  Survey Area 3 extended from 

the Laguna Conil coast to about 2 km inland down the center of the wetland.  This area 

was reached via motor boat from Chiquilá.  We were dropped off at a point where the 

strip of coastal mangrove was narrowest, and also close to where we expected to find the 

historic canal entering the Laguna Conil.   

 

Vegetation 

 The vegetation of the southern part of Zanja near Survey Area 1 is dominated by a 

Tasistal community (Figure 4.73).  In addition to a Tasistal community that incorporates 

sawgrass, nearly pure stands of tasiste palms were noted close to the road and in the 

eastern half of the elevation transect.  Sawgrass communities tend to border the Tasistal 

communities, and within the Sawgrass communities, narrow north-south swales of Sedge 

communities are found.  One community of Sedge just north of RA-1 is represented 

almost exclusively by spider lily plants.  Several small stands of Buttonwood Mangrove 
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communities were identified along the elevation transect and alongside the 2-track.  In 

Survey Area 2, the Tasistal community again was dominant, however the tasiste palms 

were considerably smaller (1-2 m tall) than those in the south (Figure 4.74).  Towards the 

edge of the wetland, the Tasistal community began to incorporate more individuals of 

calabash, Jacquinia sp., and some Transitional Forest species.  Open areas amidst the 

Tasistal community here are dominated by the Sedge community.  The large lagoon 

(Figure 4.75) is ringed by thick stands of Buttonwood Mangrove communities, and a 

Sawgrass Marsh community extends out from this.  Patches of Cattail Marsh 

communities and occasional small individuals of Conocarpus erectus are found growing 

in the canal.  In Survey Area 3, the Sawgrass community dominates, but it is low (less 

than 1 m tall) and not particularly dense, and thus easy to traverse (Figure 4.76).  

Conocarpus erectus and tasiste saplings are occasional amidst the Sawgrass Marsh 

community.  A Tasistal community is not encountered until approaching the western 

margin of the wetland.  A small stream bordered by very swampy ground begins near the 

center of this survey area and moves northwest towards the coast.  Interestingly, despite 

this immense Sawgrass community having about .10 m of standing water during our 

April 21, 2010 visit, the ground was very firm and easy to walk on.   

 

Rock Alignments 

 Only one rock alignment was identified in our three survey areas in Zanja.  RA-1 

is located in Survey Area 1 (Figure 4.77).  A small segment of the western end of this 

alignment was noted in 2009.  However upon returning to record the alignment in 2011, 
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it was found to be much larger and to extend all the way across the wetland.  RA-1 is 130 

m long.  It begins at the west about 20 m into the Tintal Forest where it runs across a 

bedrock outcrop.  The alignment crosses a small Sawgrass community, but continues 

mainly through the Tasistal community, before reaching a broad peninsula with Tintal 

Forest jutting out from the eastern edge of the wetland.  RA-1 is only about .50 m wide 

and .30 m tall in the west.  Between waypoints 337 and 336, stones nearly disappear, and 

the feature is indicated only by a low earthen berm .20 m high and 1-2 m wide.  The 

presence of this berm led me to believe the alignment was recent and possibly created by 

a bulldozer.  While earthen berms may have covered rock alignments in ancient times, 

there has been no discovery of intact berms on any of the hundreds of alignments 

investigated for this dissertation.  Thus the berm aspect of RA-1 is puzzling.  My guide, 

who is familiar with wetland alignments, assured me this rock alignment was old, or at 

least not something recent associated with an ejido road through the wetland.  In any 

case, the stones of RA-1 resume again, and 20 m east the alignment reaches its greatest 

size at about 2 m (six courses) wide, and .50 m tall, making it one of the largest 

alignments recorded during this project.  The alignment makes a strange box-shaped jog 

at waypoint 330, then there is a 3 m break in the alignment just before its eastern 

terminus.  RA-1 crosses Zanja at its narrowest point for about 600 m going south and 4 

km going north.   

 In Survey Area 3, we wanted to investigate a linear feature, visible in the aerial 

photographs, crossing the wetland from west to east about 1.5 km from the coast.  We 
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thought this might be an alignment of some sort, but it turned out to be an apparent path 

made by fisherman or other locals who cross the wetland.   

 

Soils 

 Four main profiles and one test pit were studied in the Zanja wetland.  The test pit 

was excavated by Lucia Gudiel and myself in 2009, primarily to establish depth to water 

table along the elevation transect (Figure 4.78).  The test pit was located adjacent east to 

the Buttonwood Mangrove community, and 45 m west of the canal.  Water was 

encountered at 1.45 m below surface, and depth to bedrock was 1.75 m.  The top .14 m of 

the profile was a dark brown organic horizon.  A light grey calcareous horizon extended 

from .14 to .90 m below surface, and a pale brown calcareous horizon continued down to 

the water table.  This profile was thus dominated by calcareous muds noted by Tulaczyk 

et al. (1993) in their study of Zanja hydrogeology. 

 The four main profiles were all located in Survey Area 2, and represent somewhat 

of a north-south soil toposequence from the center of the wetland to the edge (see Figure 

4.74).  Profile SP-1 was located in the Sawgrass community in the middle of the wetland, 

100 m from a large lagoon and adjacent west to the historic canal.  Water was 

encountered at .10 m below surface, and soil depth to bedrock was greater than 6 m 

(measured using a soil probe).  The PVC core was inserted to a depth of 1.6 m below 

surface, and the compacted core length was .98 m.  Periphyton was not observed on the 

surface here.  The profile consisted of seven Bk horizons separated by typically thin A 

horizons.  The Bk horizons are generally white to grey in color, have a massive structure, 
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react to HCL, and contain a few small shells.  The A horizons are dark grey to black in 

color, with fine roots and small shells in four of six horizons.  Horizons 2A and 3A react 

to HCL, are lighter in color, and appear to be disturbed or mixed with material from 

bordering Bk horizons.  The remaining A horizons are distinct, and 5A is interesting for 

its abundance of tiny shells and Pomacea flagellata fragments.   

 Profile SP-2 was located in a Tasistal community.  Water was encountered at .10 

m below surface, soil depth to bedrock was .48 m.  The core was inserted to bedrock, and 

the compacted core length was .40 m.  The profile contained a single Bk horizon capped 

by periphyton.  Soil color was white, structure was subangular blocky and lightly 

granular, and shells were absent.  The top half of the core had slightly more structure and 

a slightly darker hue due to surface processes.   

 Profile SP-3 was located in a somewhat drier part of the wetland in a Sedge 

community, with scattered individuals of calabash, tasiste palm, and muk.  Water was 

encountered at .18 m below surface, soil depth to bedrock was .38 m, and the core was 

inserted to bedrock with no soil compaction.  SP-3 contained four horizons: BA, Bk, 2A, 

and 2AC.  Horizon BA was light grey in color, with many fine roots and no shells, and a 

granular and subangular blocky structure.  The BA designation indicates it is slowly 

being converted to an A horizon.  Horizon Bk was essentially identical to BA except the 

soil was more compact, less porous, and appeared as a single mass.  Horizon 2A 

represented a fairly abrupt change to dark soil.  The structure is massive but angular 

blocky, with high clay content, some medium roots, and a mild reaction to HCL.  This 

may originally have been a Bk atop which a now destroyed organic layer developed (with 
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plants and lower water table) and from which the dark color and clay minerals came.  The 

subsequent 2AC horizon is similar but with 50 percent of its matrix comprised of broken 

chunks of bedrock with a red hue due to silica clay.   

 Profile SP-4 was located in a dry Sedge community about 40 m from Upland 

Forest at the edge of the wetland.  The water table was not encountered in this core.  Soil 

depth to bedrock was .40 m, and the core was inserted to bedrock with no soil 

compaction.  Similar to SP-2, this core appeared as a single light grey Bk horizon which 

was subdivided into three horizons based on slight differences.  Horizon BA had a 

granular, subangular blocky structure, no shells, and many fine and some medium roots.  

Horizon Bk was the same, with a few shells fragments, some specks of iron oxide at .09 

m below surface, and a slightly more angular structure towards the bottom of this layer.  

Horizon 2BkA includes broken chunks of bedrock and small iron concretions.  It contains 

many fine and some medium roots, a few Pomacea flagellata fragments, and a weaker 

reaction to HCL compared to the above two horizons, indicating slightly increased levels 

of clay and organic material.   

 Tuzaczyk et al. (1993) mentions that although the wetland is covered in 

hydrophilic vegetation, there is practically no A horizon.  This suggests to him that all the 

organic material is being carried “downstream” (north) and dumped in the delta or 

Laguna Conil, or it is being oxidized.  Tuzaczyk et al. (1993) also note that the calcareous 

muds in Zanja are 20-40 cm thick, but our transect showed that the central 150 m of the 

wetland had soils deeper than 1 m and up to 2.4 m deep.  A water table depth of 1.45 m in 

the soil test pit is probably too deep.  These Bk muds hold water well and it is possible 
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the water level in the pit would have risen after an hour or so.  Still, even with a 1 m-

below-surface water table, seasonal water table rise seems insufficient to fill the wetland 

with enough water to use the canal.  This suggests that during canal use, either the 

position of the water table was higher than it is today, or, perhaps more likely, the soil of 

Zanja is such that it holds water – rainwater accumulates without draining quickly 

downward, making water table position irrelevant.  Soil analysis currently underway at 

UNAM may help clarify this issue.  

 

Historic Logging Canal 

 As mentioned above, the canal measure 24.8 km long.  The canal is visible on 

aerial photographs and in Google Earth imagery.  The southern terminus is about 1.5 km 

north of the unpaved road from San Angel, close to the elevation transect.  It ends with a 

90 degree turn to the west followed by a 20 m long segment.  Due to thick Tasistal and 

Sawgrass vegetation, it was difficult to access the exact canal terminus to see if any other 

historic evidence was present.   At the 90 degree bend, however, the canal was about 3 m 

wide and .5 m deep.  At the elevation transect, the canal was 2 m wide, including the 

berms, which are approximately .4 m wide by .2 m tall (Figure 4.79).  The canal is 

concave in shape, with a depth of about .5 m below surrounding ground surface.  In 

Survey Area 2, the canal was ground-verified 120 m northwest of the lagoon.  From the 

north, the canal approaches the lagoon in a strait northwest-southeast line.  At this point, 

there is a fork in the canal.  A south fork continues in the same southeast direction to 

intersect the lagoon, although we were unable to locate this junction.  An east fork heads 
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166 m east to bypass the lagoon, then continues in a southeast direction.  Close to the 

fork, the canal measure 1.5 m wide and .5 m deep.  No berms were visible, and the canal 

was filled with water.  In Survey Area 3, we were interested in finding the point at which 

the canal entered Laguna Conil, and also checking the size of the canal, as it appeared 

larger in the imagery here than in the south.  The canal was first encountered 150 m from 

the shore of Laguna Conil.  At that point, it was 2.5 m wide measured from the inner 

edges of the berms.  Canal depth was only .1 to .2 m below surrounding ground surface.  

Berms, however, were much larger, measuring 1.2 m wide by .2 m tall, composed of 

piled grey clay excavated to make the canal, and now hardened into a sort of plaster by 

the sun (Figure 4.80).  The canal appeared to have been largely filled in with sediment 

near its northern terminus.  It was followed north toward the shore, but disappeared about 

70 m from the shore, close to where it entered the strip of coastal mangrove.  Near 

waypoint 922 (330 m from the end of the canal), several low posts were found along the 

inside edge of the canal, perhaps remnants of a dock (Figure 4.81).  At waypoint 923, a 3-

m long gap in the eastern berm was identified, with an adjacent small depression with no 

particular form.  At waypoint 924, small gaps were noted in the berms on both sides of 

the canal.  The final canal point checked was 1.6 km along its length at waypoint 928.  

Here the canal was deeper and narrower than at its northern terminus.  The canal bottom 

was .30-.40 m below ground surface with berms being .30-.40 m above the surrounding 

ground.  The canal measured 2 m wide inside the berms, with .15 m of standing water.    
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Closest Archaeological Settlement 

 Several sites are located near Zanja (see Figure 4.72).  Pedregal is located just 400 

m west of the transect location in Survey Area 1.  The well known Postclassic sites of 

San Angel A and San Angel B are located 2 km and 3.5 km (respectively) east of the 22 

km point along the wetland.  The presence of East-Coast style mural painting at San 

Angel A and B, and net weights, fish bone, and partially worked shell at San Angel B, 

indicates a strong connection to coastal trade and maritime activities (Gallareta Negrón 

and Taube 2005:111).  Vista Alegre Striated ceramics, as well as serpent head balustrades 

documented at both San Angel A and Vista Alegre, demonstrate a more specific 

connection with Vista Alegre and suggest Zanja may have functioned as a corridor for 

canoe transportation and trade.  The site of Zanja Pech is 600 m west of the wetland near 

our Survey Area 2.  At the very northern end of Zanja, the site of Conil is found 900 m 

west of the wetland, and Vista Alegre 2.5 km east.   
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Figure 4.72.  Zanja vicinity map. 
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Figure 4.73.  Zanja Inset 1 map (Survey Area 1). 
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Figure 4.74.  Zanja Inset 2 map (Survey Area 2). 
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Figure 4.75.  Lagoon in Zanja Survey Area 2.   
 



280 

 
 
Figure 4.76.  Zanja Inset 3 map (Survey Area 3). 
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Figure 4.77.  Zanja Inset 1 map (Survey Area 1b). 
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Figure 4.78.  Exploratory soil pit along the elevation transect in Survey Area 1a. 
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Figure 4.79.  Historic canal in Survey Area 1 facing north.   
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Figure 4.80.  Historic canal in Survey Area 3 facing southeast. 
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Figure 4.81.  Historic canal in Survey Area 3 facing northwest.  Note wooden post. 
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Dos Leones 

 Dos Leones wetland is located in the north-central part of the Yalahau region, 16 

km northeast from the modern village of San Angel (Figure 4.82).  The unpaved graded 

road is followed east from San Angel for 18 km.  From here, a trail is followed east for 

1.4 km through a milpa to reach the wetland.  Dos Leones covers .53 km2, measuring 2 

km in the northeast-southwest direction and 300 m in the northwest-southeast direction.  

Our survey area covered .30 km2, representing 56 percent of the wetland (Figure 4.83).  

Reconnaissance survey covered the entire savanna zone, only avoiding the large Annona 

Swamp and Sawgrass Marsh, and the Tintal Forest areas along the wetland perimeter.   

 

Vegetation 

 The vegetation of Dos Leones is dominated by the Sedge-Scirpus, Peat Bog, and 

Sawgrass communities (Figure 4.84).  However, the vegetation distribution is complex.  

In the northern half of the wetland, the large lagoon is surrounded by an extensive 

Sawgrass Marsh community, which in turn connects to a large Annona Swamp 

community.   The associated soil for these areas is peat.  Unvegetated Peat Bog 

communities dominate the central strip of the wetland, however from 2009 to 2011, S. 

cubensis expanded towards center of the wetland to cover many parts of peat bogs.  The 

large lagoon and many nearby smaller lagoons are surrounded by Sawgrass and 

Herbaceous communities with tes.  In 2009, the many small lagoons had all but dried up, 

leaving behind a sort of quicksand.  The Sedge community along the eastern edge of 

wetland was a drier Sedge sitting on the bedrock bank of the wetland.  It included some 
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Drygrass community species, and occasional Tasistal and Jicaral communities.  Also in 

the north, there are a few small depressions filled with Sedge-Eleocharis communities.  In 

the southern half of the wetland, the vegetation distribution is more straightforward: from 

the center of the wetland to the edge, vegetation is a Peat Bog, Sedge-Scirpus, Sawgrass, 

Muk, and Tintal community.   

 

Rock Alignments 

 Eleven rock alignments were found at Dos Leones (see Figure 4.83).  One of 

these, RA-1, was discovered in a milpa 180 m west of the wetland.  This is a bulky 

alignment measuring 1 m wide by .5 m tall.  It was followed for 70 m north of the trail, 

but it continued into the forest south of the trail.  This appears to be an ancient property 

wall, given the presence of a house mound 20 m to the southeast.  Within the wetland 

proper, there are 10 alignments concentrated in the northern and southern ends.  In the 

northern part of the wetland (Figure 4.85), RA-2 and RA-11 are associated with small 

depressions found at the eastern bank of the wetland.  RA-2 runs across a small bedrock 

ridge bisecting an approximately 10-m diameter depression with a Sedge-Eleocharis 

community (Figure 4.86).  The eastern depression is slightly deeper than that to the west.  

RA-11 sits on top of the bedrock rim of an adjacent depression filled with a Sedge-

Scirpus community.  RA-3 is found at the northern tip of the wetland, where Muk and dry 

Sedge communities meet the Tintal Forest community (Figure 4.87).  The area north of 

the alignment is mostly exposed bedrock with a Muk community and sparse Sedge 

communities, while about 30 m southwest of the alignment, the Sedge-Scirpus 
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community picks up and leads into an Sedge-Eleocharis depression with a small lagoon.  

RA-3 is S-shaped at points, but does not appear to have to avoid any small depressions.  

Also the alignment continues approximately 30 m into Tintal Forest at either end.  RA-4 

is composed of two segments connected in the middle by a small magote with Muk.  The 

eastern segment is short and ephemeral.  The western segment is more visible, and runs 

from the Muk magote west across a shallow Sedge-Scirpus channel to end in a slightly 

higher area with Sedge-Scirpus near the western edge of the wetland.  RA-3 and RA-4 

together create a partially enclosed area, and both run perpendicular to a gentle slope 

leading into the small lagoon and depression with Sedge-Eleocharis.  RA-5 is small and 

ephemeral, but similarly oriented with respect to the lagoon, just uphill from its eastern 

margin.  RA-6 is a long (60 m) but ephemeral alignment with several gaps.  However, its 

endpoints are in drier Sedge-Scirpus vegetation as it approaches Tintal Forest, and the 

alignment crosses a broad Peat Bog channel bordered by a greener Sedge-Scirpus 

community.  The terrain here slopes slightly downhill to the southwest into another small 

lagoon.   

 In the southern part of the wetland (Figure 4.88), RA-7 is found atop the low 

bedrock bank at the western edge of the wetland where the Tintal and Muk communities 

meet the Sedge-Scirpus community.  Alignments RA-8, RA-9, and RA-10 are three very 

similar, large features crossing the wetland from west to east.  Each begins at the Tintal-

Muk community boundary at the west, crosses through Muk, Sawgrass, then the main 

Sedge-Scirpus community, and ends in a Sawgrass before reaching a Muk community at 

the east.  Based on the vegetation, the western termini of these three alignments are at a 
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higher elevation than the eastern termini.  I estimate RA-8 to be the alignment of greatest 

volume per meter of length of all alignments recorded during this dissertation.  It is .50 to 

1.5 m wide, .50 to .70 m tall, and 165 m long (Figure 4.89).  The largest stone used in the 

construction of this alignment measured 1 m by 1.1 m by .4 m.  The alignment gently 

snakes across the wetland, crossing a slightly lower spot of a bare Peat Bog community 

near its eastern end.  Near the western end, a small segment branches off to the southeast 

and runs for less than 10 m.  This branch segment is small and ephemeral and its purpose 

is unclear.  RA-9 runs diagonal across the wetland.  It is only one by one course where it 

crosses the open wetland, but includes some massive boulders and slab stones in its 

western 40 m.  Similar to RA-9, RA-10 is largest at its western end.  There is a small 

Sedge-Eleocharis depression at the south side of the alignment in the Sedge-Scirpus 

community, and another small depression south of the east terminus.  The alignment ends 

at the east in a mix of Sawgrass and Muk communities, not far from the southeastern 

terminus of RA-9.   

  

Soils 

 Three profiles were studied in the Dos Leones wetland (see Figure 4.83).  SP-1 

was located along the elevation transect, in a small unvegetated Peat Bog community 

surrounded by Sedge-Scirpus.  In 2010 however, the Peat Bog community had about 40 

percent coverage by S. cubensis.  Water level in the wetland in 2010 was .30 m above 

surface.  Soil depth to bedrock at SP-1 was 1.3 m.  The PVC core was inserted to a depth 

of .9 m, and the compacted core length was .82 m.  The profile included a 1-2-cm thick 
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periphyton crust on the surface, beneath which were horizons O, A, 2A, 2ABk, 3A, 3AB, 

4A, 4AB.  The top four horizons contained carbonates, tiny broken shells, small roots, 

and bits of undecomposed plant matter (except for 2ABk).  Horizon 3A represents an 

abrupt change from the above 2ABk.  Its color is black, and from here down the soil is 

extremely clayey and carbonates, shells, and roots are absent.   Horizon 3AB, when split 

open, revealed many recrystalized crystals.  Horizons 4A and 4AB both contained iron 

concretions similar to those seen in the basal horizons at Media Luna.    

 Profile SP-2 was located in a Peat Bog community adjacent to a dense stand of 

sawgrass.  Water level was .30 m above surface, depth to bedrock was 1 m, and the PVC 

core was inserted to a depth of .80 m.  The compacted core length was .60 m.  The profile 

was fairly uniform, with only slight differences between horizons A1, A2, and A3.  Color 

varied from very dark grey to black, shells and carbonates were absent, roots were 

present (many fine ones in A1, a few medium to large in A2 and A3), and structure was 

angular to subangular blocky.  Horizon A3 contained iron concretions and a slight 

yellowish hue.   

 Profile SP-3 was located at the eastern edge of the wetland in a small depression 

filled with a Sedge-Eleocharis community.  Water level was .30 m above surface, depth 

to bedrock was 1.10 m, and the PVC core reached bedrock.  The compacted core length 

was .56 m.  There was a thin cap of periphyton, beneath which were horizons O1, O2, 

O3, 2O, and 2A.  Horizon O1 contained bits of leaves, many fine roots and some medium 

roots, tiny shells, and periphyton detritus.  The matrix reacted to HCL, probably due to 

the extensive mixing in of shells.  Horizon O2 contained many fine and some medium 
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roots, but only a few tiny shells.  The matrix had no reaction to HCL.  Horizon O2 was a 

mix of partially decomposed organic material and carbonates.  It had a rapid reaction to 

HCL, and an irregular band of white carbonates at about .22 m.  Horizon 2O is dominated 

by organic material with many fine roots, and appears to be a transition zone, with 

material migrating down from above via root casts.  Horizon 2A has almost no roots, 

apart from a large root at .46 m.  There is a significant increase in tiny shells from .44 m 

to the base of the core.  This part of 3A reacts to HCL while the upper portion of 3A does 

not.   

 

Closest Archaeological Settlement 

 The site of San Angel A is located 1 km west of Dos Leones, and San Angel B is 

1.5 km north (see Figure 4.82).  Both sites contain Postclassic period ceramics, 

architecture, and painted murals similar to those known for Late Postclassic sites on the 

east coast of Quintana Roo.  Additionally, “the presence of net sinkers, fish bone, and 

partially worked shell at group B suggests a strongly maritime orientation” (Gallareta 

Negrón and Taube 2005:111).  At San Angel A, the Postclassic architecture was built 

atop a large platform dating to the Late Preclassic/Early Classic.     
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Figure 4.82.  Dos Leones vicinity map. 
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Figure 4.83.  Dos Leones location map. 
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Figure 4.84.  Dos Leones vegetation map. 
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Figure 4.85.  Dos Leones Inset 1 map. 
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Figure 4.86.  Figure X.  Dos Leones RA-2 facing west.   
 

 
 
Figure 4.87.  Dos Leones RA-3 facing south. 
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Figure 4.88.  Dos Leones Inset 2 map. 
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Figure 4.89.  Dos Leones RA-8 facing west.   
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T’isil 

 This wetland is located in the eastern part of the Yalahau wetland network, 3 km 

north of the modern town of Leona Vicario (Figure 4.90).  To reach T’isil wetland, a 

paved road is taken north from highway 180 for 7 km.  From here, an unpaved graded 

road is followed west for 9 km to reach Rancho Santa Maria, on which the archaeological 

site of T’isil is located (see Sorensen 2010).  From the western end of the ranch, a very 

rough 2-track heads west for 2.3 km to arrive at the wetland.  T’isil wetland is 3.8 km2 in 

size, measuring nearly 5 km north-south by .5 to 1.7 km east-west.  The survey area 

covered .66 km2, representing 17 percent of the wetland (Figure 4.91).  Reconnaissance 

focused on three large savannas in the southern half of the wetland.  A fisherman’s trail 

connects the southern two savannas, and an abandoned 2-track road was found crossing 

the wetland between the south-central and north-central savannas.  A fourth savanna at 

the north end of the wetland, as well as extensive Tintal and Transitional Forest zones in 

the west-central and northeastern part of the wetland, were not surveyed.     

 

Vegetation 

 T’isil, together with other wetlands along the eastern side of the Yalahau region, 

tends to be wider and flatter with more gently undulating topography than those wetlands 

to the west and south.  This creates a situation of much more complicated vegetation 

distribution; there seems to be a greater variety in communities present, vegetation 

community composition is more diverse, and communities are less discreet than in the 

narrower, steep-sided wetlands to the west.  One of the main differences with wetlands 
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such as T’isil and El Edén is the presence of extensive Tintal, Tasistal, and Transitional 

Forest zones within the wetland.  Some zones that were classified as Tintal in the 

vegetation map are more complex than the typical Tintal community, blending 

Transitional Forest, Tintal, Tasistal, and Sawgrass vegetation.  T’isil includes a series of 

savannas approximately 400 m in diameter separated by equally large areas covered with 

Tintal, Tasistal, and Transitional forest (Figure 4.92).  The savannas are dominated by the 

Sedge-Eleocharis community, but also include scattered areas of Sedge-Scirpus, 

Sawgrass, Muk, and Annona Swamp communities.  The savannas typically are bordered 

by Muk or Tasistal, then Tintal, then Transitional Forest, which here is dominated by the 

stunted variety of the chicozapote tree.  Large lagoons are found in the south and north-

central savannas, and the north-central savanna is characterized by a maze of Sedge-

Eleocharis channels winding through the Sawgrass community.   

 

Rock Alignments 

 Thirty-two rock alignments were recorded at T’isil wetland (see Figure 4.91).  

They were distributed fairly evenly throughout the survey area, being found near the 

edges of the Sedge-Eleocharis community, crossing channels with Sedge-Eleocharis, and 

running perpendicular to slope in Muk and Tintal communities leading into the savanna.  

In the southern third of the survey area there are 13 alignments (Figure 4.93).  RA-4, RA-

5, and RA-32 cross narrow channels of Sedge-Eleocharis to connect Muk zones at either 

end.  RA-1, RA-3, and RA-8 are similar except they block a more discreet part of the 

savanna at one side.  RA-7 is a short alignment extending from the edge of a Muk area 
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several meters into the Sedge-Eleocharis community.  RA-6 is slightly meandering with 

several upended stones (Figure 4.94).  It connects Muk at the edge of the wetland to a 

raised area with Tasistal, and separates Sedge-Scirpus and Vine vegetation at the south 

from Sedge-Eleocharis vegetation to the north.  RA-2 is found in the middle of the 

savanna, connecting slightly raised areas and running perpendicular to the slope leading 

into the lagoon.  RA-26 is more clearly a cross-channel alignment, blocking the southern 

end of a 200-m long Sedge-Eleocharis channel bordered by Tintal.  During our survey, 

several modern vertical nets attached to stakes in a V-shape (likely fish traps) were set up 

in this channel.  RA-27, RA-28, and RA-11 appear to run perpendicular to slope in an 

area of Muk and Tintal that drains into the Sedge-Eleocharis channel.   

 In the central third of the survey area, seven alignments were recorded (Figure 

4.95).  RA-10, RA-30, and RA-29 are found crossing a Sedge-Eleocharis community to 

connect raised areas at the edge of the savanna.  RA-12 appears to block the high margin 

of a Sedge-Eleocharis depression, but there may be a slow spot connecting this 

depression to a small Vine area just south.  RA-9 sits on bedrock and runs perpendicular 

to slope in a tangle of Muk, Sawgrass, and Tasistal.  On the north side of this savanna, 

RA-13 and RA-14 similarly appear to run perpendicular to slope in a higher elevation 

Muk zone. 

 Twelve alignments were recorded in the northern third of the survey area (Figure 

4.96).  Most of these cross the numerous Sedge-Eleocharis channels that wind their way 

through the large Sawgrass community.  RA-18 is a larger alignment made of stacked 

boulders and upended slabs, and is located at the transition from slightly drier Sedge 
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vegetation at the east to Sedge-Scirpus and Sedge-Eleocharis communities at the west 

(Figure 4.97).  RA-17 is also found in this drier Sedge zone near the start of a Sedge-

Eleocharis channel.  RA-24 is the longest alignment at T’isil, measuring 93 m.  It runs 

through a low Sawgrass zone perpendicular to the slope leading into a Sedge-Eleocharis 

channel.   

 

Closest Archaeological Settlement 

 The small sites of San Mateo and Site 11 are located 1.3 km and 2.7 km east and 

southeast, respectively.  The slightly larger site of T’isil is found 3 km to the east (see 

Figure 4.90).   
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Figure 4.90.  T’isil vicinity map. 
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Figure 4.91.  T’isil location map. 
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Figure 4.92.  T’isil vegetation map. 
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Figure 4.93.  T’isil Inset 1 map. 
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Figure 4.94.  T’isil RA-6 facing east.   
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Figure 4.95.  T’isil Inset 2 map. 
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Figure 4.96.  T’isil Inset 3 map. 
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Figure 4.97.  T’isil RA-18 facing north.  
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Mil Novecientos 

 This wetland is located 8 km north of the modern town of Leona Vicario (Figure 

4.98).  The survey targeted two areas: the northeastern corner of the wetland (Survey 

Area 1, Inset 1), and the southern end of the wetland (Survey Area 2, Insets 2 and 3; 

Figure 4.99).  Survey Area 1 was reached via the T’isil wetland.  A new road clearing, 

cut in 2008 or 2009 by the new owners of Rancho Santa Maria, headed south from T’isil 

wetland for 2.3 km, where it terminated in the Mil Novecientos wetland at the southern 

property boundary of Rancho Santa Maria.  Due to access issues, this first survey area 

was only visited in 2009, and rock alignments were only minimally recorded.  Survey 

Area 2, visited in 2010, was accessed via the road which heads north from Leona Vicario.  

We followed the west fork in the road near San Aurelio wetland and continued northwest 

for 2 km.  From here, a fisherman’s trail leads northeast for 300 m to reach the edge of 

the wetland.  We continued to follow this trail north along the western edge of the 

wetland for another 1.5 km to reach the savanna surrounding the large southern lagoon.  

This area was chosen for survey hoping to find deep soil deposits to sample near the 

lagoon.  Mil Novecientos is one of the larger wetlands in the Yalahau system, with a size 

of 4.45 km2.  It measures 5.6 km in the northeast-southwest direction, and has a 

maximum width of 1.1 km.  The two survey areas together covered .47 km2, representing 

10 percent of the wetland.    
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Vegetation 

 Mil Novecientos is extremely wide and flat – it has similar topography and 

vegetation to other wetlands of the eastern Yalahau region such as T’isil, El Edén, and 

Miraflor (Figure 4.100).  The vegetation of Survey Area 1 includes large areas of 

Transitional Forest at the eastern edge of the wetland.  Adjacent downhill from this are 

either Tintal or Tasistal communities.  The Tasistal community incorporates lots of 

Sawgrass and Muk as well as occasional individuals of Tintal and Transitional Upland 

species.  Sawgrass Marshes extend downhill from the Tasistal zone, followed by a Sedge-

Scirpus community then a Sedge-Eleocharis community.  Individual sawgrass plants 

occurr in the Sedge-Eleocharis zone at a spacing of about 10 m.  Also within the Sedge-

Eleocharis zone are even lower areas of a Blanquizal community.  Blanquizal areas often 

contain small (2-3-m diameter) pools of water.  Two large lagoons were encountered, as 

well as three small, interconnected cenotes at the southeastern edge of the Survey Area.  

The lagoons are surrounded by large Sawgrass Marshes that included scattered Annona 

Swamp communities.     

 The vegetation of Survey Area 2 is similar to that of Survey Area 1.  Our 

reconnaissance was somewhat limited, however, due to the savanna being flooded with 

.20 to .40 m of water on our May 1, 2010 visit.  The savanna is dominated by a light 

covering Sedge-Scirpus, but also includes areas of Sedge-Eleocharis, Sawgrass, Annona 

Swamp, and Blanquizal communities.  It is possible the Blanquizal zone is more 

extensive, but obscured by standing water.  The lagoon in this survey area is the largest at 

the wetland, measuring 150 m in diameter.  It is surrounded by an approximately 50 m 
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band of a Sawgrass community growing in peat.  The southern edge of the savanna is 

bordered by a 30-50-m wide Sedge community characterized by various scattered sedges 

growing in shallow depressions surrounded by exposed bedrock with Muk communities 

and scattered individuals of calabash.  To the south, this Sedge zone grades into a 

corridor of Tasistal which extends 400 m south before opening up into another savanna.  

The Tasistal community here incorporates lots of sawgrass and muk as well as small open 

areas with sedge vegetation.  The Tasistal corridor is bordered by Tintal communities on 

the east and west.   

 

Rock Alignments 

 Twenty-eight rock alignments were recorded at Mil Novecientos (see Figure 

4.99).  Ten of these were found in Survey Area 1 (Figure 4.101).  RA-22, RA-23, RA-24, 

RA-25, and RA-28 all cross the same narrow Sedge-Eleocharis channel that curves 

around an area of Muk and Sawgrass on one side, and the edge of the wetland on the 

other.  Sedge-Eleocharis is bordered on either side by a few meters of Sedge-Scirpus, 

followed by Muk and Tasistal growing in holes in bedrock.  Soil in this channel was 

noted to be .20-m deep peat.  RA-28 interestingly crosses the channel then continues 

northeast for another 180 m at the boundary between the Sawgrass and Sedge-Scirpus 

communities (Figure 4.102).  RA-19 (Figure 4.103) and RA-20 similarly are longer walls 

running perpendicular to slope in the savanna near the boundary between Sawgrass and 

Sedge-Scirpus.  RA-19 and RA-20 are both built on jagged exposed bedrock, which does 

not occur downhill from here.  Alignments RA-21 and RA-26 both are found sitting on 
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the bedrock bank of the wetland in Muk community vegetation.  RA-21 blocks the low 

margin of a 3-m diameter Sedge-Scirpus depression in bedrock, while RA-26 is just 

uphill from a Sedge-Eleocharis depression.  RA-27 is a small, ephemeral alignment 

blocking the north edge of a small Sedge-Eleocharis depression.    

 Eighteen rock alignments were identified in Survey Area 2 (Figure 4.104).  The 

majority of these alignments were located in the Sedge community, running parallel to 

the slight slope leading into the expansive Sedge-Scirpus zone, and sometimes blocking 

the low margin of depressions in bedrock.  RA-12 (Figure 4.105) is a good example of 

this type of alignment.  RA-17 was interesting for the presence of many upended stones, 

and the alignment appeared to block off a small area of Sedge-Scirpus from the main 

savanna (Figure 4.106).  RA-2, RA-3, and RA-6 are located just uphill, at the boundary 

between Tintal and Sedge communities.  They also run perpendicular to slope leading 

into the savanna.  RA-7, RA-8, and RA-9 are located in the Tasistal zone, typically 

connecting bedrock outcrops with Muk or Tintal communities, and RA-10 and RA-11 are 

in Tintal crossing low spots with some sedge vegetation.   

 

Soils 

 Three profiles were studied at Mil Novecientos, all located within Survey Area 2 

(Figure 4.107).  SP-1 was located adjacent to an annona tree and small cenote in the 

Sawgrass Marsh at the west of the survey area.  Water level was .40 m above surface and 

soil depth to bedrock was .85 m.  The PVC core was inserted to a depth of .85 m, and the 

compacted core length was .55 m.  SP-1 was dominated by light grey inorganic 
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sediments, but did have a peat horizon at the top, and a tiny dark A horizon at the base of 

the core.  Horizon 2A, while containing organic matter, did react to HCL, indicating the 

presence of carbonates.  The underlying horizon, 2Bk, was white in color and appeared to 

mark an abrupt change in depositional environment.  All horizons in SP-2 contained 

shells and reacted to HCL.   

 SP-2 was placed in the Sawgrass Marsh community 20 m east of the lagoon, and 

SP-3 was 20 m east of SP-2 in a Blanquizal community.  Water level at SP-2 was .40 m 

above surface and soil depth to bedrock was 1.4 m.  The PVC core was inserted to a 

depth of 1 m, and the compacted core length was .55 m.  The uppermost horizon in the 

core was a dark brown O with lots of decomposed plant material and few shells.  This 

was followed by a pale brown AB horizon mixing carbonates, poorly decomposed 

organics, and an abundance of tiny shells.  The underlying Bk horizon also contained 

many tiny spiral shells, and was interesting for its pale pink color.  Bk2 was similar to Bk 

in all regards except color, being white due to constant inundation creating an anaerobic 

environment.  Water level at SP-3 was also .40 m above surface, and soil depth to 

bedrock was .5 m.  The PVC core was inserted to a depth of .5 m, and the compacted 

core length was .41 m.  SP-3, interestingly, while further from the vegetation at the edge 

of the lagoon, was almost entirely composed of organic material.  Six O horizons 

(differentiated only by slight changes in shell concentrations and carbonate presence) 

were found in the top half of the core.  The bottom half of the core was a light grey Bk 

horizon with many small shells and a mix of carbonates and organic matter.  This reflects 
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a hydrologic change (lowering of the water table) favoring more plants growing above 

this Bk layer and starting to convert it into an A horizon.   

 

Closest Archaeological Settlement 

 The small sites of Site 9 and Site 11 are located 1.3 km and 1.8 km east, 

respectively.  The slightly larger site of T’isil is found 3 km to the east-northeast (see 

Figure 4.98).   
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Figure 4.98.  Mil Novecientos vicinity map. 
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Figure 4.99.  Mil Novecientos location map. 
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Figure 4.100.  Mil Novecientos vegetation map.   
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Figure 4.101.  Mil Novecientos Inset 1 map (Survey Area 1). 
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Figure 4.102.  RA-28 facing west where it crosses a Sedge-Eleocharis channel. 
 

 
 
Figure 4.103.  RA-19 facing east.   
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Figure 4.104.  Mil Novecientos Inset 2 map (Survey Area 2). 
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Figure 4.105.  Mil Novecientos RA-12.   
 

 
 
Figure 4.106.  Mil Novecientos RA-17 facing southeast.   
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Figure 4.107.  Mil Novecientos Inset 3 map (Survey Area 2). 
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San Aurelio 

 This wetland is located in the east-central part of the Yalahau region, 5 km north-

northwest of the modern town of Leona Vicario (Figure 4.108).  An unpaved graded road 

heads north from Leona Vicario and continues for 4 km.  The road becomes a 2-track, 

and continues north for another 1.2 km to reach a fork.  The west fork heads to a logging 

camp near the southeastern end of Mil Novecientos wetland, while the east fork heads 

north along the eastern side of a series of wetlands.  Just past the fork is a trail heading 

southwest towards San Aurelio wetland.  The trail continued for 700 m, then disappeared 

amidst fallen trees and scrubby regrowth from a recent fire.  An expedient trail was cut 

with machetes for the remaining 600 m to the open wetland.  San Aurelio wetland covers 

.84 km2, measuring approximately 2.5 km north-south by about 600 m east-west at its 

widest point.  Our survey area covered .32 km2, representing 38 percent of the wetland 

(Figure 4.109).  Reconnaissance survey focused on the main savanna in the center of the 

wetland, as well as the southern edge of the north savanna.  Extensive Tintal communities 

at the southern and eastern parts of the wetland were not surveyed.   

 

Vegetation 

 The vegetation and topography of this wetland is quite varied (Figure 4.110).  The 

central savanna is dominated by the Sedge-Scirpus, Sawgrass, and Peat Bog 

communities.  Several individuals of Annona glabra are scattered about here, 

occasionally associated with a small water hole.  The western edge of the wetland is 

fairly steep, with an exposed bedrock bank and 30 m band of Tintal separating the open 
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savanna from Upland Forest.  In contrast, on the eastern side of the wetland, the Tintal 

community extends for several hundred meters due to a more gradual slope.  Individuals 

of duck potato were found in the Sedge-Scirpus zones, as well as less common species 

including Mikania micrantha, Rhynchospora tenuis, and Sida acuta.  The Sedge-Scirpus 

community extends south along two channels separated by a sort of island with Tintal, 

Drygrass, and Tasistal.  The western channel is more constricted with lots of exposed 

bedrock and patchy vegetation.  The eastern channel is much wider and shallower.  The 

southern end of the wetland was a mix of small Tintal and Tasistal islands, soil-filled 

depressions with Sedge and Sawgrass, and exposed bedrock.  My guides informed me 

that several parts of the wetland had burned in May 2009.  This was most evident near the 

large Sawgrass depression at the southern tip of our survey area, where fire had burned 

soil and removed vegetation cover to expose extensive areas of jagged bedrock.  Heading 

north from the main savanna, the wetland constricts into an even narrower bedrock 

channel filled with patchy Sedge and Sedge-Scirpus communities and bordered by Tintal.  

This channel runs for about 250 m, then begins to open up into the north savanna.   

 

Rock Alignments 

 Thirty4 rock alignments were recorded at San Aurelio (see Figure 4.109).  

Alignments were found primarily at the edges of the open savanna and crossing channels.  

Eleven alignments were recorded in the northern part of San Aurelio wetland (Figure 

4.111).  RA-19, RA-20, RA-21, RA-22, RA-26, and RA-27 (Figure 4.112) cross a rocky 

                                                 
4 In the field, RA numbers 1-32 were assigned; subsequently, two were eliminated; the end result was 30 
alignments, but original RA numbers were maintained. 
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channel with Sedge.  RA-21 appears to cross at the narrowest point in the channel, and 

may represent a drainage divide with terrain sloping down to the north and south from 

this point.  Alignments RA-23, RA-24, and RA-25 are also found in this channel, but are 

focused on a specific, small Sedge-Eleocharis depression in bedrock.  RA-23 is on top of 

the bedrock rim of the depression.  RA-24 looks almost like a 1-m diameter stone circle 

at the western edge of the depression, while RA-25 blocks the eastern edge of the 

depression from a smaller Sedge depression adjacent east.  Near the southern end of the 

channel, RA-18 blocks a Drygrass community from the main savanna to the southwest 

(Figure 4.113).  North of the channel, RA-28 blocks a similar Drygrass area from the 

north Sedge-Scirpus savanna, and RA-29 is an ephemeral alignment crossing a low spot 

in Sedge-Scirpus.  

 Nineteen alignments were recorded in the southern part of San Aurelio (Figure 

4.114).  Alignments RA-1 and RA-2 are found at the western edge of the wetland 

blocking the low margin of small (less than 5-m diameter) depressions surrounded by 

bedrock with Jicaral and Drygrass communities.  RA-1 is interesting in that it is found 

within and subdividing a 7 by 2 m depression which has no outlet because it is 

surrounded by bedrock.  However, soil depth on the northeastern side of the alignment 

was 1 m, perhaps indicating the presence of a buried water hole.  Nearby RA-3 blocks a 

narrow Sedge-Scirpus inlet into the Drygrass zone.  Alignments RA-32, RA-4, RA-5, and 

RA-6 all cross the rocky western channel to connect the edge of the wetland at the west, 

to the Tintal and Drygrass island at the east.  The channel is most rocky near RA-4.  RA-

31 is found on the Tintal and Drygrass island 30 m east of RA-5.  It sits on bedrock, 



328 

connecting raised outcrops at either end, and may block water runoff from the island into 

the channel at the west.  Alignments RA-7 and RA-8 are ephemeral features blocking the 

uphill side of shallow depressions supporting Sawgrass communities.  RA-10 (Figure 

4.115) and RA-30 are found on bedrock saddles separating a series of three depressions 

with Sedge-Eleocharis vegetation.  East of here, RA-11 and RA-12 cross Sedge-Scirpus 

communities to connect raised Tintal areas on either side.  RA-11, in conjunction with the 

Tintal edge of the wetland, encloses a Sedge-Scirpus area to the east.  RA-12 is 

associated with a deeper Sedge-Eleocharis depression just to the south (Figure 4.116).  

RA-13 is an ephemeral alignment apparently blocking the low western margin of a very 

small Sedge-Eleocharis depression.  RA-14 is an S-shaped alignment with several tall 

upended stones (Figure 4.117).  It connects the eastern edge of the wetland to a slight 

topographic rise supporting Sawgrass and Tasistal communities.  RA-15 starts near the 

Tintal island at the west and meanders towards RA-14.  The two alignments may connect, 

but it is difficult to tell since RA-15 is very spotty in its eastern 20 m.  North of here, RA-

16 was initially recorded as a single alignment crossing the Sedge-Scirpus area.  However 

in 2011, the central 12 m of the alignment just north of the Sedge-Eleocharis depression 

could not be identified.  This part of the alignment may simply be buried by sediment 

(given a adjacent soil depth of .4 m), or RA-16 may in fact be two separate features 

coming from lateral Tintal areas towards the middle of the channel, but not connecting.   

   

Closest Archaeological Settlement 

 The small Site 10 is located 2.2 km to the east (see Figure 4.108).   
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Figure 4.108.  San Aurelio vicinity map. 
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Figure 4.109.  San Aurelio location map. 
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Figure 4.110.  San Aurelio vegetation map. 
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Figure 4.111.  San Aurelio Inset 1 map. 
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Figure 4.112.  San Aurelio RA-27 facing south.   
 

 
 
Figure 4.113.  San Aurelio RA-18 facing north. 
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Figure 4.114.  San Aurelio Inset 2 map. 
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Figure 4.115.  San Aurelio RA-10 facing northeast.   
 

 
 
Figure 4.116.  San Aurelio RA-12 facing west.   
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Figure 4.117.  San Aurelio RA-14 facing west.  Note the S-shape.   
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Punta Mosquito 

 This wetland is located in the west-central part of the Yalahau region, 

approximately 9 km north of the modern village of Esperanza (Figure 4.118).  Four 

kilometers east of Esperanza along the highway, there is a 2-track that heads north.  The 

2-track heads north for 9.7 km; it continues further, but was impassible due to downed 

trees.  We continued north on foot for 350 m along the overgrown 2-track, then headed 

west for 2.2 km along an overgrown trail (plagued by fallen trees and scrubby regrowth) 

to reach the edge of the wetland.  This area burned in 2009, and the last 450 m of the trail 

followed a bulldozer fire line.  Punta Mosquito is 1.09 km2 in size, measuring 

approximately 4.7 km northeast-southwest by 200-400 m northwest-southeast.  Our 

survey area covered .07 km2, representing 6 percent of the wetland (Figure 4.119).  

Reconnaissance at Punta Mosquito was limited, and rock alignments were only 

minimally recorded, due to thunderstorms that began a few hours after our arrival and 

that caused us halt our survey for the day.   

 

Vegetation 

 The northern half of Punta Mosquito is a savanna dominated by Sedge-Scirpus 

and Blanquizal communities (Figure 4.120 and Figure 4.121).  There are two lagoons in 

the survey area, filled with water lilies and surrounded by Sawgrass vegetation.  The 

eastern edge of the wetland shows a fairly quick transition (about 50 m, covered with 

Muk then Tintal communities) from savanna to Upland Forest.  The northwestern part of 

the survey area contains a transitional area with Drygrass, Muk and Tintal magotes, and 
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some Sedge.  This transitional area extends for approximately 100 m to the northwest 

before opening to another savanna.   

 

Rock Alignments 

 Six rock alignments were recorded at Punta Mosquito (Figure 4.122).  RA-1 and 

RA-2 (Figure 4.123) were recorded fully, while RA-3 through RA-6 were not.  RA-1 is a 

short, ephemeral alignment extending from a Muk magote into a soilless bedrock 

depression.  A dry micro-cenote was noted in this depression near the western end of the 

alignment, and RA-1 may have provided access to this micro-cenote for water.  Rock 

alignments RA-2, RA-3, RA-4, and RA-5 cross bedrock with Sedge vegetation to 

connect low Muk magotes, and together appear to enclose a 10-m diameter depression 

with a Sedge-Eleocharis community.  RA-5 blocks the Sedge-Eleocharis area where it 

leads out to the main Sedge-Scirpus savanna.  RA-6 is just south of this cluster of 

alignments, and appears to extend from a Muk magote and cross a bit of higher Sedge 

vegetation to reach the edge of the Sedge-Scirpus savanna.   

 

Closest Archaeological Settlement 

 The newly recorded (as part of this dissertation) site of Xplama is located 8.3 km 

north of the survey area.  The site of El Diez, documented by Sanders (1955), is located 

8.3 km southeast of the survey area (see Figure 4.118).  Glover (2006) attempted to 

relocate the site during his fieldwork, but was unable to do so.  El Diez was placed in our 

GIS map by Glover (2006), and is his approximation of the site location based on maps 
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and description (but no GPS coordinates) in Sanders (1955).  Finally, the small sites Site 

21 and Site 16 are located 10.5 km south-southeast of the survey area, along the paved 

road leading through the modern village of Esperanza.   

 During reconnaissance in the wetland, we encountered a 200-m long segment of a 

historic narrow-guage railroad line referred to locally as a truc.  No track material 

remained, only the raised stone bed of the railway.  The segment of the rail bed observed 

was found only about 20 m west of the rock alignments, running southwest to northeast 

through the Drygrass and Tintal part of the wetland.  I extended the rail bed on my map 

another 1.2 km southeast by tracing it from aerial photographs (INEGI 2001) and Google 

Earth imagery.  The network of truc lines in the Yalahau region was built to move lumber 

and chicle from forests to towns via mule-drawn rail cars (see Andrews et al. 2012; 

Fedick 2003:345).  Truc lines frequently had to cross wetlands, and numerous intact 

segments of the network are visible in aerial photographs and Google Earth imagery.   
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Figure 4.118.  Punta Mosquito vicinity map. 
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Figure 4.119.  Punta Mosquito location map. 
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Figure 4.120.  Punta Mosquito wetland overview, facing west across the main Sedge-
Scirpus savanna. 
 

 
 



343 

 
 
Figure 4.121.  Punta Mosquito vegetation map. 
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Figure 4.122.  Punta Mosquito Inset 1 map. 
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Figure 4.123.  Punta Mosquito RA-2 facing east. 
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Esperanza 

 Esperanza wetland is located along a 2-lane highway 2.5 km west of the modern 

village of Esperanza (Figure 4.124).  The highway actually crosses the southern part of 

the wetland.  The wetland was easily accessed by the highway, and there is also a 2-track 

that runs north along the eastern side of the wetland, then crosses the wetland to provide 

access to the north savanna.  Esperanza is .44 km2 in size, measuring approximately 2.2 

km north-south by 250 m east-west.  Our survey area covered .32 km2, representing 72 

percent of the wetland (Figure 4.125).  Reconnaissance covered all parts of the wetland 

except for the northern and southern tips.  We also conducted an elevation transect in the 

north savanna (described in Chapter 3).  The wetland had some standing water in it when 

first visited in June 2008 (Figure 4.126), but was completely dry upon returning to survey 

in 2009.  The east-west road originally crossed the wetland, but apparently was washed 

out during heavy rains sometime prior to 2002.  Subsequently, the road was re-routed to 

go around the southern tip of the wetland rather than cross it.  When the road was paved 

in the last five years, the causeway was raised and improved and the highway again 

crosses the wetland in a straight line.   

 

Vegetation 

 Esperanza contains a north and south savanna both dominated by Sedge-Scirpus 

communities with a frequent occurrence of duck potato (Figure 4.127).  The section of 

the southern savanna south of the highway contains mostly Sedge Eleocharis in place of 

Sedge-Scirpus.  The sedges are surrounded first by communities of Sawgrass, then 
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Tasistal, then Tintal, then Upland Forest.  The eastern side of the wetland had a steeper 

bank than that of the west.   

 

Rock Alignments 

 Three rock alignments were recorded at Esperanza (Figure 4.128).  RA-1, 

although nearly buried, was the best example at the wetland (Figure 4.129).  It was found 

at the northern end of the south savanna, running perpendicular to slope, in Sawgrass near 

the boundary with Sedge-Scirpus.  It begins at the west on a slight topographic rise with 

Tasistal, runs about halfway across the wetland, then stops.  It is possible the alignment 

continues east but is now buried.  RA-2 is an ambiguous alignment running perpendicular 

to slope on bedrock.  It appears to cross a narrow corridor of Tasistal bordered by Tintal 

communities to the east and west.  RA-3 is even more ambiguous.  It is found in the 

Tintal zone connecting bedrock outcrops at either endpoint.  Some Transitional Forest 

species and Muk vegetation are also present.  This alignment may cross a shallow 

channel in Tintal.   

 

Soils 

 Two soil profiles were studied at Esperanza in 2010 (see Figure 4.128).  SP-1 was 

located 8 m south of RA-1 in an area of scattered sawgrass individuals separated by low 

sedges and sawgrass stumps.  SP-1 began as a hand excavation, but water was 

encountered at .5 m below surface.  Therefore, a PVC core was inserted beginning at .5 m 

below surface, and went to a depth of .85 m below surface.  In other words, 0-.5 m below 
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surface was sampled directly from the profile, while .5-.85 m below surface was retrieved 

in the form of a core and sampled in the lab at UNAM.  Soil depth to bedrock at SP-1 

was 1.2 m below surface.  The top .5 m of SP-1 was characterized by a thin A horizon 

with a periphyton cap, followed by horizons B1 and B2.  All three horizons reacted to 

HCL and had a silt or clayey-silt texture.  From .5 to .85 m below surface there was a 

white Bk horizon followed by a dark grey, clayey AB horizon with iron concretions.  

This in turn was underlain by a dark yellowish brown, extremely clayey Bk horizon with 

carbonates.   

 SP-2 was located 30 m south of SP-1 at the edge of the Sedge-Scirpus 

community.  Water was encountered at .55 m below surface and soil depth to bedrock 

was 2.1 m.  A 10.16-cm diameter PVC core was inserted to a depth of 1.2 m, and the 

compacted core length was 1.1 m.  Profile SP-2 contained several grey A horizons 

separated by Bk or AB horizons.  Carbonates were present in all horizons, as were shell 

fragments.  The bottom horizon in this core, a white Bk horizon, appeared very similar in 

color and texture to the white Bk horizon from .50-.71 m in the SP-1 core.   

 

Closest Archaeological Settlement 

 Site 17 is located 7.1 km west in the modern town of San Pedro (see Figure 

4.124).  Site 21 (not shown on the map) is 7.2 km east along the highway, and the larger 

site of Tres Lagunas is found 9 km southeast of Esperanza wetland.  However, during 

road reconnaissance in 2008, a ceramic sherd was found embedded in a piece of concrete 



349 

at a lime quarry 1.5 km west of the wetland, so it is likely there is undocumented 

settlement closer by.   
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Figure 4.124.  Esperanza vicinity map. 
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Figure 4.125.  Esperanza location map.   
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Figure 4.126.  Esperanza wetland overview, facing north from the highway. 
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Figure 4.127.  Esperanza vegetation map.   
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Figure 4.128.  Esperanza Inset 1 map. 
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Figure 4.129.  Esperanza RA-1 facing north. 
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Chaca Marin 

 This wetland is located in the northwestern part of the Yalahua region, 6 km west 

of the modern town of Solferino (Figure 4.130).  From Solferino, a narrow-gauge railroad 

(truc) bed runs northwest for about 25 km towards the coastal town of El Cuyo (Figure 

4.131).  Today the truc bed serves as a walking trail for Solferino residents.  We followed 

the truc trail for 5.7 km, at which point we headed southwest on a trail for 500 m to reach 

the edge of the wetland.   From here, however, the trail continued another 1 km through 

high-canopied Tintal Forest before arriving at the open savanna at Chaca Marin.  Chaca 

Marin is 2.9 km2 in size, measuring approximately 3.5 km northeast-southwest by a 

maximum of 1 km northwest-southeast.  Our survey area covered .12 km2, representing 4 

percent of the wetland (Figure 4.132).  Reconnaissance focused only on the savanna in 

the northeastern part of the wetland.  Within this savanna, most areas were covered 

except for the large Sawgrass and Cattail Marsh in its center.   

 

Vegetation 

 The center of the northeast savanna at Chaca Marin was dominated by a thick, tall 

Sawgrass and Cattail Marsh community that we did not attempt to enter (Figure 4.133).  

The small lagoon at the center of this marsh was drawn from Google Earth imagery.  A 

70-m wide Sedge zone wrapped around the southern and southwestern part of the central 

Sawgrass and Cattail Marsh.  This Sedge zone had deeper soil (.20-.30 m) and was 

dominated by sawgrass stumps and Nymphoides sp.  The Sedge zone extending north of 

the Sawgrass and Cattail Marsh and extending along the eastern and western edges of the 
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savanna, was different.  It was characterized by lots of exposed bedrock separated by 

patches of soil with scattered individuals of muk and sawgrass, and a thin cover of 

yarrow, Scirups cubensis, Eleocharis sp., and bare ground with periphyton.  Aside from 

these two Sedge zones, the savanna had a large Sedge-Scirpus community with some 

areas of Blanquizal.  The periphery of the open savanna included Sawgrass, Muk, 

Drygrass, and Tasistal communities, all grading uphill to Tintal Forest.   

 

Rock Alignments 

 Thirty-four5 rock alignments were recorded at Chaca Marin (see Figure 4.132).  

Alignments were found in most parts of the survey area and associated with vegetation 

communities ranging from Tintal to Sedge-Scirpus.  RA-1 and RA-2 intersect one 

another to form a T-shape in the Tintal zone on top of a .5-m tall bedrock ledge at the 

edge of the wetland (Figure 4.134).  RA-25 and RA-28 appear to run perpendicular to 

slope in the Sedge commnity, while RA-26 and RA-27 may do something similar except 

are connected to a low magote supporting a Muk community.  RA-3 and RA-4 (Figure 

4.135) connect to one another to form a nice example of an S-shaped alignment running 

through an area of exposed bedrock and small soil-filled depressions.  RA-5 is similar in 

shape and physiographic position except that it appears to run with the slope heading 

downhill into the Sawgrass and Cattail Marsh.  RA-13, RA-14, and RA-29, and RA-31 to 

RA-35, are associated with several Tintal and Muk magotes at the edge of the wetland.  

RA-6 is a low, meandering alignment that runs perpendicular to slope and clearly blocks 

                                                 
5 In the field, RA numbers 1-35 were assigned; subsequently, one was eliminated; the end result was 30 
alignments, but original RA numbers were maintained. 
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at least one small depression in bedrock at the edge of the wetland (Figure 4.136).  RA-16 

similarly runs perpendicular to slope where the Sedge zone meets Drygrass and Muk 

communities, and may be a continuation of RA-6.   

 Figure 4.137 shows a detail of the alignments to the west and south of the central 

Sawgrass Marsh.  RA-15 and RA-17 are small, ephemeral alignments running 

perpendicular to slope in the middle of the Sedge-Scirpus community; RA-7 and RA-8 

are similar but slightly uphill, where Sedge-Scirpus meets Sawgrass or Sedge.  RA-18 

and RA-11 run through Drygrass to connect raised Muk areas at either end.  RA-9 is a 

nice alignment made of upended slabs and bisecting a Blanquizal community, but not 

reaching the magotes at either end (Figure 4.138).  RA-10, RA-19, and RA-20 extend 

from higher ground with Muk into lower areas with Sedge-Scirpus.  RA-21 runs 

perpendicular to slope in Sedge-Scirpus, and RA-22 (just uphill from RA-21) and RA-23 

run perpendicular to slope at the boundary between Muk and Sedge-Scirpus 

communities.  Finally, RA-12 and RA-24 are longer alignments running perpendicular to 

slope in the Tintal zone right where it meets Muk at the edge of the open savanna.   

 

Closest Archaeological Settlement 

 The archaeological site of Solferino, identified by Sanders (1955), is located 7.3 

km east of Chaca Marin (see Figure 4.130).  Three mounds, likely associated with the site 

of Solferino, were noted in 2010.  Two of these mounds (20 m by 30 m by 3 m tall, and 

15 m by 10 m by 1 m tall) were located in the northwestern part of the modern town of 

Solferino near the start of the truc trail, 5.9 km east of Chaca Marin.  The third mound 
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(25 m by 25 m by 3 m tall) was found along a 2-track heading west from the modern 

town of Solferino.  The next closest known site is Monte Bravo at a distance of 12 km to 

the southeast.     
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Figure 4.130.  Chaca Marin vicinity map.   
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Figure 4.131.  Raised truc bed segment near Chaca Marin.   
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Figure 4.132.  Chaca Marin location map.   
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Figure 4.133.  Chaca Marin vegetation map.   
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Figure 4.134.  Chaca Marin Inset 1 map.   
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Figure 4.135.  Chaca Marin RA-4 facing southeast. 
 

 
 
Figure 4.136.  Chaca Marin RA-6 facing southeast.   
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Figure 4.137.  Chaca Marin Inset 2 map.   
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Figure 4.138.  Chaca Marin RA-9 facing west.   
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Pichol 

 Pichol wetland is located approximately 8 km southeast of the modern town of 

San Angel and 10 km northeast of the modern town of Kantunilkin (Figure 4.139).  The 

wetland can be reached from both towns, but we took the route through San Angel on our 

visits.  About 700 m south of San Angel, an unpaved road (which used to be an airstrip) 

heads southeast from the Kantunilkin-Chiquilá highway.  The airstrip road continues for 

3 km, then becomes a 2-track.  The 2-track passes through a commercial papaya farm and 

then runs for about 20 km through the forests of the Kantunilkin ejido.  After 5.5 km on 

the 2-track, we headed south on a slightly narrower 2-track.  The 2-track goes for 500 m, 

then a trail leads the remaining 200 m to the edge of the wetland.  Pichol is .78 km2 in 

size, measuring 1.6 km north-south by 300 to 1000 m east-west.  Our survey area covered 

.46 km2, representing 59 percent of the wetland (Figure 4.140).  Reconnaissance covered 

most areas of the wetland except for the northeastern corner and the southeastern corner.  

Movement through the wetland was facilitated by a fisherman’s trail running from the 

northern to southern tip.  Several old 2-tracks were also visible running alongside the trail 

in the southern half of the wetland. 

 

Vegetation 

 Pichol is a fairly steep sided wetland, with Upland Forest frequently abutting the 

open savanna (Figure 4.141).  There are many magotes (some several meters higher than 

the surrounding terrain) covered with Upland Forest, Tintal, Tasistal, or Muk 

communities.  A large shallow lagoon dominates the north-central part of the wetland.  



369 

This lagoon is surrounded by Sedge-Eleocharis, as well as a small area of Cattail and 

Reed communities and a large Upland Forest magote adjacent northeast.   The Sedge-

Eleocharis zone contains numerous lower-elevation areas of unvegetated Peat Bog.  

Sedge-Eleocharis grades uphill into Sedge-Scirpus, which in turns grades into Vine, 

Sawgrass, or Sedge communities.  Uphill from these communities are Muk zones and 

occasional areas of Drygrass, Reeds, Jicaral, and Tasistal.  The large Vine community in 

the northeastern part of the wetland was dry, flat, and covered in a thin veneer (.10 to .20 

m) of firm soil.  The vegetation was dominated by yarrow but also contained Scirpus 

cubensis, and some Drygrass species.  The Vine zone was bordered by larger areas of 

Muk, Drygrass, and Tintal than those found on the west side of the wetland, reflecting a 

more gradual slope out of the savanna.  Areas of the wetland (the central and southern 

portions) mapped as Sedge represent a combination low sawgrass, Scirpus cubensis, 

yarrow, and Nymphoides indica.  Finally, the southern end of the wetland contained 

extensive areas of Tasistal.    

 

Rock Alignments 

 Fifty-four rock alignments were recorded at Pichol (see Figure 4.140).  Twenty-

eight of these were located in the northeastern corner of the wetland (Figure 4.142).  

Most of them cross Sedge-Eleocharis, Sedge-Scirpus, Vine, or Muk communities to 

connect magotes with tall Muk, Tasistal, or Tintal vegetation.  Even alignments such as 

RA-33 and RA-34, while falling entirely in the Tintal vegetation zone, cross lower, 

saddle-like areas to connect higher areas.  It should be noted that RA-26, RA-39, and RA-
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42 connect to slight topographic rises in the Vine zone (even though these rises are not 

displayed on the map).  Other alignments such as RA-29 and RA-44 extend from a 

magote and terminate in lower terrain.  The distribution of alignments in this part of 

Pichol appears very similar to that seen in the northern part of Media Luna: an abundance 

of Tintal magotes sprinkled amidst low sedge vegetation, all connected by alignments 

creating numerous enclosed spaces (Figure 4.143 and Figure 4.144).  Several alignments 

also connect the same magotes as an adjacent alignment.  For example, RA-19 (Figure 

4.145) and RA-21 are parallel alignments 10 m apart and connecting the same two 

magotes.  RA-22 is close to both of these as well, but is ephemeral and only goes about 

one-third of the way to the next magote – it may be an earlier, more rudimentary 

alignment, or may be natural.  Similar parallel alignments are seen with RA-27 and RA-

28, and RA-30 and RA-31, although RA-31 is ephemeral and could be natural.   

 There are five alignments in the northwestern corner of the wetland (Figure 

4.146).  RA-1 and RA-2 link a large Upland Forest magote to the edge of the wetland to 

create a large enclosed area with Vine and Sawgrass communities.  RA-3 and RA-47 

connect a Muk magote to outcrops at the western edge of the wetland.  They separate a 

narrow, uphill area with Reeds and Vine at the west from the Sedge-Eleocharis zone 10 

m downhill to the east.  RA-4 comes off the southern end of the same outcrop as RA-3, 

but terminates in lower terrain with Sedge-Scirpus vegetation.  The remaining 19 

alignments (Figure 4.147 and Figure 4.148), except for RA-45, connect magotes in the 

same way as those described above.  RA-45 is a short, ephemeral alignment extending 

from the eastern edge of the wetland into a slightly lower area with Sawgrass.  Most 
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alignments at Pichol connect a series of magotes and eventually link to the edge of the 

wetland.  RA-18 (Figure 4.149) connects magotes but crosses a deeper channel running 

between them.  Interestingly, however, some alignments such as RA-5 (Figure 4.150) and 

RA-6, connect magotes on a raised Vine area in the middle of the wetland, but do not link 

to the edge of the wetland.   

 

Soils 

 Two profiles were studied at Pichol (see Figure 4.142).  SP-1 was located in the 

center of a Peat Bog community in the northeastern corner of the wetland.  The water 

table was .02 m above surface on April 30, 2010.  Soil depth to bedrock was 1 m.  The 

core was inserted to bedrock, and the compacted core length was .97 m.  Pichol SP-1 was 

very similar to Media Luna SP-1.  The top .40 m (horizons O and O2) were characterized 

by dark brown to black partially decomposed organic material with few shells and fine to 

medium-sized roots.  An A horizon from .40-.61 m was characterized by black, very 

clayey soil with few roots and no shells.  The bottom two horizons (Abg and Bwg) from 

.61-.97 m were dark grayish brown, extremely hard clay with virtually no roots or shells.  

None of the horizons in SP-1 reacted to HCL, indicating an absence of carbonates.   

 SP-2 was a pit excavated in a Sedge-Scirpus community, also in the northeastern 

corner of the wetland, and 5 m east of RA-32.  This profile was very similar to Media 

Luna SP-2, which was excavated in a similar Sedge-Scirpus area enclosed by rock 

alignments.  The water table was not encountered in Pichol SP-2.  Soil depth to bedrock 

was .52 m, and the pit was excavated down to bedrock.  SP-2 contained four horizons: A, 
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B1, B2, and B3.  The A horizon from 0-.05 m was silty with moderate reaction to HCL.  

The following B horizons were very clayey with minimal structure, abundant fine and 

medium-sized roots, and no reaction to HCL.   

 

Closest Archaeological Settlement 

 Site 55 is located 1.7 km north of Pichol (see Figure 4.139).  The newly 

discovered ruins at Sakakal are 4.5 km west.  Finally, the large sites of Kantunilkin and 

Oxlakmul (possibly the same settlement; see Glover 2006:267) are found 9.5 km 

southwest of Pichol.   
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Figure 4.139.  Pichol vicinity map. 
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Figure 4.140.  Pichol location map. 
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Figure 4.141.  Pichol vegetation map. 
 



376 

 
 
Figure 4.142.  Pichol Inset 1 map. 
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Figure 4.143.  Pichol RA-25 facing north 
 

 
 
Figure 4.144.  Pichol RA-32 facing southwest.  SP-2 is in the foreground.     
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Figure 4.145.  Pichol RA-19 facing south.   
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Figure 4.146.  Pichol Inset 2 map. 
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Figure 4.147.  Pichol Inset 3 map. 
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Figure 4.148.  Pichol Inset 4 map. 
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Figure 4.149.  Pichol RA-18 crossing a channel, facing east.   
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Figure 4.150.  Pichol RA-5 facing south. 
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Bekechakal 

 This wetland is located 10 km northeast of the modern town of Kantunilkin, and 

connects to the southern tip of Pichol wetland (Figure 4.151).  Bekechakal is accessed 

from an unpaved road heading northeast from Kantunilkin.  The unpaved road runs for 

7.7 km, then turns into a 2-track that continues east for 3.5 km.  At this point the 2-track 

forks, with a north fork entering Pichol, and an east fork entering Bekechakal.  The 

Bekechakal 2-track runs along the eastern edge of the wetland for 2.5 km, at which point 

it enters the forest again and runs east to the next wetland called Sal Si Puedes.  This 2-

track which runs through the wetland is overgrown and impassable, and is now used only 

as a walking trail for hunters and fishers.  We also used this trail during our 

reconnaissance.  Bekechakal is 2.09 km2 in size, measuring approximately 4.3 km long 

(roughly in the north-south direction) by a maximum of 790 m east-west.  Our survey 

covered .59 km2, representing 28 percent of the wetland (Figure 4.152).  Reconnaissance 

was limited to the northern end of the wetland and the eastern edge near the old 2-track.   

 

Vegetation 

 Bekechakal is a fairly wide, flat wetland dominated by the Sedge-Eleocharis 

community (Figure 4.153).  In the middle of the Sedge- Eleocharis zone, there are two 

large Tasistal islands, numerous small Muk islands, and areas of Blanquizal that were 

filled with water during the initial survey in 2009.  Two microcenotes were encountered 

in the north, and two small lagoons located in the south were bordered by Herbaceous 

vegetation.  West of the Sedge-Eleocharis savanna, vegetation transitions directly to a 
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narrow band of Muk or Tasistal, then to a narrow band of Tintal, then to Upland Forest.  

East of the Sedge-Eleocharis zone, topography seems to rise more gradually.  The Sedge-

Eleocharis savanna transitions uphill to a 5-m wide band of Sedge-Scirpus, which in turn 

transitions to a 10-20-m wide band of Sawgrass.  The Sawgrass community generally 

transitions into a flat area of Sedge vegetation that is 30-80 m wide.  This is a dry Sedge 

community characterized by yarrow, sawgrass, S. cubensis, scattered muk, bareground, 

and grasses.  The dry Sedge community transitions to the east into a Tintal community.   

 

Rock Alignments 

 Fifteen rock alignments were recorded at Bekechakal (see Figure 4.152).  

Alignments RA-1, RA-2, and RA-3 are located close to one another in the northern end 

of the wetland (Figure 4.154).  RA-1 and RA-2 cross narrow channels filled with Sedge-

Eleocharis and Sedge-Scirpus communities, respectively, to connect slightly higher areas 

with Tasistal and Sawgrass vegetation.  RA-3 crosses a low spot within the Tasistal zone, 

close to its border with a Sedge-Scirpus area to the north.  RA-10 is an isolated alignment 

in the northeastern corner of the wetland.  It crosses a low saddle with Drygrass 

vegetation separating a Vine depression to the east from a slightly lower Sedge area to 

the west.  RA-11 (Figure 4.155 and Figure 4.156) is found in the a Sedge community 

near the eastern edge of the wetland.  It runs perpendicular to slope and crosses a subtle 

Vine channel leading downhill west into a 10-m diameter Sedge-Eleocharis depression.  

South of here, RA-12 and RA-6 similarly run perpendicular to a slight slope in the Sedge 

zone and connect raised areas with Tintal and Tasistal vegetation.  RA-6 is interesting in 



386 

that it makes three tiny S-curves as it runs across slightly higher ground near its western 

end (Figure 4.157 and Figure 4.158).  RA-12 also makes a small jog at its eastern end to 

avoid a shallow hole in bedrock at the edge of the magote.  RA-7 and RA-8 are found 

crossing a wide channel with Sedge-Eleocharis and Sedge-Scirpus communities.  They 

connect high ground with Transitional Forest at the west to the edge of the wetland at the 

east via a Muk magote.  RA-15 extends from a Tintal island onto a narrow peninsula with 

Muk surrounded by lower Sedge-Eleocharis vegetation.  The remaining alignments (RA-

9, RA-13, RA-4, RA-14, and RA-5) can all be considered alignments connecting 

magotes.   

 

Closest Archaeological Settlement 

 Site 55 is located 3.5 km north of Bekechakal (see Figure 4.151).  The newly 

discovered ruins at Xpalma are 5 km east and the newly discovered ruins of Sakakal are 

5.5 km northwest.  Finally, the large sites of Kantunilkin and Oxlakmul (possibly the 

same settlement) are found 9 km southwest of Bekechakal.   
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Figure 4.151.  Bekechakal vicinity map. 
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Figure 4.152.  Bekechakal location map. 
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Figure 4.153.  Bekechakal vegetation map. 
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Figure 4.154.  Bekechakal Inset 1 map. 
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Figure 4.155.  Bekechakal Inset 2 map. 
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Figure 4.156.  Bekechakal RA-11 facing south.   
 

 
 
Figure 4.157.  Bekechakal RA-6 facing northwest. 
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Figure 4.158.  Bekechakal RA-6 facing southeast.   
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Xpalma 

 Xpalma is located 14 km southeast of the modern town of San Angel and is 

reached via the same route used to access Pichol (Figure 4.159).  From the Pichol turnoff, 

the 2-track is followed for another 6.5 km.  From this point, we cut an expedient trail 

south for 1.4 km to reach the wetland.  Xpalma is made up of two separate wetlands (as 

digitized from topographic maps) covering a combined .43 km2.  The eastern wetland 

measures approximately 1.9 km north-south by 270 m east-west, while the smaller 

western wetland measures approximately 600 m north-south by 100 m wide.  Our survey 

area covered .32 km2, representing 74 percent of the wetland (Figure 4.160).  

Reconnaissance covered all savanna areas, but avoided the southern half of the eastern 

wetland that appeared to be mostly Tintal forest.  Fires passed through the surrounding 

forest in 2009, and burned vegetation up to the edge of the wetland in some areas.  

Burned areas are characterized by downed trees, thickety secondary growth, and invasive 

species such as ferns.   

 

Vegetation 

 The savannas at Xpalma are dominated by a Sedge-Scirpus community (Figure 

4.161).  Numerous lagoons ringed by Sawgrass communities are found in the Sedge-

Scirpus zone.  The eastern and western wetlands are connected by a corridor of Tintal 

approximately 150 m long by 40 m wide.  The western wetland, in addition to Sedge-

Scirpus, contains an extensive Herbaceous community.  The Sedge-Scirpus zone is 

bordered by a bedrock embankment covered with Muk and in some cases Tintal.  This 
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embankment rises fairly quickly, and Upland Forest is encountered as close as 15 m from 

the edge of the Sedge-Scirpus savanna.   

 

Rock Alignments 

 Fifteen rock alignments were recorded at Xpalma (see Figure 4.160).  The 

majority were found in the eastern wetland at the border between Sedge-Scirpus and Muk 

communities (Figure 4.162).  RA-1 and RA-2 are parallel alignments found at the 

southern tip of the savanna in the eastern wetland.  Both cross thick Herbaceous 

vegetation to connect to the bedrock banks with Tintal at either end.  RA-2 is 15 m uphill 

from the Sedge-Scirpus zone, and RA-1 is 20 m uphill from RA-2.  RA-3, RA-4, RA-10, 

RA-11, and RA-12 are terrace-type alignments that sit atop the edge of the bedrock 

embankment where it meets the Sedge-Scirpus savanna.  RA-3 is interesting in that it 

uses two right angles to create a partially enclosed box at the edge of the wetland (Figure 

4.163).  RA-4, RA-11 (Figure 4.164), and RA-12 are C-shaped.  Alignments RA-5, RA-

6, RA-7, and RA-8 cross two narrow, parallel Sedge-Scirpus channels (bridged in the 

middle by raised ground with Tintal, Muk, and Reeds) in the constricted central part of 

the eastern wetland.  The two channels become one just north of here, and are crossed by 

RA-9, one of the widest alignments recorded for this dissertation.  It measures 1.5 to 2.5 

m wide (4-8 courses) and is 2-5 courses high.  RA-9 contains a conspicuous 2 m gap, 

near its midpoint, perhaps to allow water to pass through.  RA-13 was recorded as a 

single alignment but contains two segments separated by about 10 m of exposed bedrock 

with Muk (Figure 4.165).  RA-13 connects Tintal areas to the north and south, blocking 



396 

off a 60-m diameter Sedge-Scirpus area to the west.  RA-15 is found at the northern edge 

of the wetland cutting off a small intrusion of Sedge-Scirpus into the Muk zone.  Finally, 

RA-14 is found at the northeastern corner of the western wetland, connecting two 

bedrock outcrops to block a small depression in the Herbaceous community.   

 

Soils 

 One soil profile was studied at Xpalma (see Figure 4.162).  SP-1 was a soil core 

located between RA-1 and RA-2 in an Herbaceous zone.  This profile was very similar to 

Media Luna SP-1 and Pichol SP-1.  The water table was not encountered in Xpalma SP-

1.  Soil depth to bedrock was .48 m, and the core was inserted down to bedrock.  SP-1 

contained four horizons: O, A, AB, and B.  The O horizon from 0-.10 m was a dark 

brown, poorly decomposed material with few fine roots.  The following A horizon from 

.10-.27 m was clayey with subangular blocky structure and a greater quantity of fine and 

medium roots.  The AB horizon from .27-.32 m had the same characteristics as above but 

with a color transitioning to the underlying B horizon.  The B horizon from .32-.48 m 

was an extremely hard clay, dark brown in color, and with massive structure.  All 

horizons in Xpalma SP-1 were free of carbonates.   

 

Closest Archaeological Settlement 

 The newly discovered ruins of Xpalma begin within 100 m of the edge of the 

wetland.  Thirteen platforms (many with superstructures) were recorded with a waypoint 

and an eyeball estimate of dimensions (Figure 4.166).  Waypoints were taken on at least 
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10 other mounds, but these were left off the map since no dimensions were noted.  The 

largest and most central structure (Str-1) at Xpalma is a platform measuring 45 m on a 

side and up to 4 m tall (Figure 4.167 and Figure 4.168).  Stones for the platform came 

from a quarry at the western base of the platform.  Within this quarry is a low rockshelter 

or grieta extending beneath the platform.  A staircase at the south of the platform 

provided access (Figure 4.169).  Several long, low platforms (Figure 4.170), as well as 

two small (less than 1 m tall) pyramidal structures (Figure 4.171), were built on top of the 

basal platform.  Two small shrines or altars were also found atop this basal platform 

(Figure 4.172).  Karl Taube (personal communication 2013) commented to me that the 

Str-1 platform looked megalithic, which would date it to the Late Preclassic or Early 

Classic period.  The low, slab-stone altars, however, are more typical of the Postclassic 

period.  As at other sites in the region such as San Angel A, Xpalma may be an early site 

that was resettled and modified in the Postclassic period.   
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Figure 4.159.  Xpalma vicinity map. 
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Figure 4.160.  Xpalma location map. 
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Figure 4.161.  Xpalma vegetation map. 
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Figure 4.162.  Xpalma Inset 2 map. 
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Figure 4.163.  Xpalma RA-3 facing east.   
 

 
 
Figure 4.164.  Xpalma RA-11 facing south.   
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Figure 4.165.  Xpalma Inset 1 map. 
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Figure 4.166.  Xpalma site map.   
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Figure 4.167.  Xpalma Structure 1 north side, facing south from base. 
 

 
 
Figure 4.168.  3D reconstruction of Xpalma Structure 1, view from the southwest 
(created by Jeffrey Vadala).   
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Figure 4.169.  Xpalma Structure 1 staircase on south side of platform. 
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Figure 4.170.  Low platform on top of Xpalma Structure 1, facing south. 
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Figure 4.171.  Xpalma Structure 1, southeast superstructure with Altar 2 in foreground, 
facing east.   
 

 
 
Figure 4.172.  Xpalma Structure 1 Altar 1.   
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Providencia 

 Providencia is located 22 km East of Kantunilkin and is reached via the same 

route used to access Pichol and Xpalma (Figure 4.173).  Passing the trail to Xpalma, the 

2-track is followed for another 7 km east.  From this point, we cut an expedient trail south 

for 1.8 km to reach the wetland.  Providencia is 1.49 km2 in size, measuring 

approximately 4 km long (roughly in the northeast-southwest direction) by 400 m wide.  

Due to the long commute to reach this wetland, we were only able to spend a few hours 

surveying.  Reconaissance covered .2 km2, representing 13 percent of the wetland (Figure 

4.174).   

 

Vegetation 

 The savanna at Providencia was dominated by patches of Sawgrass amidst a wide 

area of Peat Bog and Sedge-Scirpus (Figure 4.175 and Figure 4.176).  The Sedge-Scirpus 

community was bordered by an approximately 30-40-m wide band of low Muk, which in 

turn was bordered on its uphill side by Tintal Forest.   

 

Rock Alignments 

 One rock alignment was recorded at Providencia (Figure 4.177).  It was found on 

the western side of the wetland, running close to the border between Tintal and Muk.  

The endpoints of the alignment were on small magotes with Tintal communities, and the 

alignment crossed an area with exposed bedrock and a thin veneer of soil.   
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Closest Archaeological Settlement 

 The newly discovered ruins of La Mensura are located 1.5 km northeast of 

Providencia (see Figure 4.173).  Xpalma is located 8 km west.  T’isil (and smaller nearby 

settlements such as Site 9, Site 11, and San Mateo) are located approximately 9 km 

southeast across the wetlands of T’isil and Mil Novecientos.  At La Mensura, 13 mounds 

and structures were identified (Figure 4.178).  The most notable was Str-1, a 6-m tall 

pyramid with an attached platform and the foundation walls of a small room (Figure 

4.179 and Figure 4.180).  Str-2 was a large, low platform measuring approximately 40 m 

on a side by 1 to 2 m tall (Figure 4.181).  A possible C-shaped superstructure was found 

along the southern side of Str-2.  The remaining ruins were small house mounds and 

platforms less than 1 m tall.   
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Figure 4.173.  Providencia vicinity map. 
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Figure 4.174.  Providencia location map. 
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Figure 4.175.  Providencia wetland overview facing east. 
 

 



414 

 
 
Figure 4.176.  Providencia vegetation map. 
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Figure 4.177.  Providencia rock alignment map. 
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Figure 4.178.  La Mensura site map.   
  

 



417 

 

 
 

 
 
Figure 4.179.  La Mensura site: (a) North face of Str-1 facing south from ground level; 
(b) Str-1 room foundation walls facing east. 

a 

b 



418 

 

    
Figure 4.180.  3D reconstruction of Str-1 pyramid-platform, view from the southwest 
(created by Jeffrey Vadala). 
 

 
 
Figure 4.181.  South side of Str-2 platform facing north from ground level.   
 
 



419 

Corchal 

 Corchal is located 7.5 km northeast of the modern town San Angel and 11 km 

southeast of the modern town of Solferino (Figure 4.182).  It is reached by taking the 

unpaved road heading east out of Solferino.  The unpaved road is followed for 9.5 km to 

the archaeological site of San Ramon, where there is a junction with a 2-track heading 

southeast.  The 2-track continues for 4.5 km, ending at an ecotourism camp (with several 

bungalow dormitories, bathrooms, and an observation tower) run by the Puerta Verde 

ecotourism network.  From the camp, a well-maintained trail extends 800 m to reach the 

edge of the savanna.  Corchal is 1.3 km2 in size, measuring approximately 3.2 km along 

its long axis and 500 m along its short axis.  Our survey area covered .87 km2, 

representing 66 percent of the wetland (Figure 4.183).  Due to the high concentration of 

rock alignment features at Corchal, more days were spent here than at other wetlands.  

Reconaissance survey reached all parts of the wetland except for the southwestern tip.   

 

Vegetation 

 The vegetation at Corchal is dominated by sedges (Eleocharis sp., Scirpus 

cubensis, etc.), Annona Swamps, and Sawgrass communities (Figure 4.184).  The eastern 

third of the wetland contains what I will refer to as the main savanna, because it is the 

widest part of the wetland and, in terms of vegetation, the most open.  The main savanna 

is centered on a huge Annona Swamp forest measuring 300 m in diameter.  The 

ecotourism outfit leads kayak trips into this Annona Swamp, and has also built a 

boardwalk extending from the northwestern corner of the Annona Swamp into its center.  
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The eastern half of the Annona Swamp contains a lagoon surrounded by a thick 

Herbaceous vegetation zone.  A Sedge-Eleocharis community extends out from the 

Annona forest for a distance of 50 to 200 m.  The Sedge-Eleocharis community contains 

numerous small water holes and hummocks with Annona glabra trees, and is typically 

underlain by peats which can exceed 1 m in depth.  In the southeastern part of the main 

savanna, the Sedge-Eleocharis zone is followed by a 30 to 80-m wide band of Sedge 

vegetation.  This Sedge community is characterized by extensive exposed bedrock 

supporting scattered muk plants, interspersed with small soil-filled depressions with 

Eleocharis sp., Scirups cubensis, and yarrow.  Most areas mapped as Sedge are similar to 

this, except they may be less rocky.  This Sedge community transitions uphill to a Muk or 

Sawgrass community, which in turn transitions to Tintal Forest.  This vegetation profile 

is similar heading north, east, and south from the center of the main savanna.  Heading 

west, however, the Sedge-Eleocharis zone meets a low Sawgrass community that 

essentially continues all the way to the southwestern tip of the wetland.  Sawgrass covers 

the majority of the savanna here, and is bordered by a Muk or Tasistal zone, but 

occasionally transitions directly to Tintal.  There are small areas of Sedge, Sedge-Scirpus, 

Sedge-Eleocharis, and Drygrass amidst the expansive Sawgrass community, but it is not 

until the western end of the survey area that the vegetation opens up again.  Here there is 

a series of Sedge-Scirpus passages allowing easy pedestrian access.  There is also an area 

of Cattail vegetation and another, smaller Annona Swamp.   
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Rock Alignments 

 Eighty-six6 rock alignments were recorded at Corchal (see Figure 4.183).  

Alignments were found in a variety of vegetation zones, and are fairly evenly distributed 

throughout the wetland.  However, alignments were absent in and around the main 

Annona Swamp forest where peat soils exceeded 1 m in depth, and also in a 600 m 

stretch of the Sawgrass savanna in the western part of our survey area.  Several 

alignments (for example RA-74, RA-75, RA-76, RA-77, RA-86, RA-87) in the Sedge 

community in the southeastern part of the main savanna were short features blocking the 

margins (usually, but not always, the lowest margin) of small depressions in bedrock 

(Figure 4.185, Figure 4.186, and Figure 4.187).  These alignments, however, also 

appeared to run across saddles separating depressions and connecting slightly raised areas 

of exposed bedrock.  RA-78, RA-79, and RA-80 were built on exposed bedrock with 

Muk vegetation, and all are in close proximity to holes in the bedrock.  RA-81 through 

RA-85 (Figure 4.188) similarly sit on bedrock and are surrounded by holes and crevices, 

but they seem to cross a narrow channel in this bedrock to connect Upland Forest at the 

east with a narrow strip of Tintal at the west.     

 Alignments RA-4, RA-5, and RA-6 are located in the Sedge zone crossing saddles 

between depressions in bedrock.  RA-3 runs perpendicular to slope in a Muk peninsula 

bordered by sedges.  RA-7 is also found in the Muk community here but seems to 

connect raised areas with Tintal communities.  RA-1, RA-2, RA-8, and RA-47 block 

small areas of Sedge-Eleocharis or Sedge where they intrude into higher ground.  RA-10 

                                                 
6 In the field, RA numbers 1-95 were assigned; subsequently, nine were eliminated; the end result was 86 
alignments, but original RA numbers were maintained. 
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crosses a narrow passage with a Sedge-Eleocharis community, to connect to slightly 

higher areas with a Sawgrass community.  RA-43 is a long, meandering alignment 

beginning in Muk at the edge of the wetland, crossing multiple sedge depressions and the 

bedrock outcrops separating them, and ending in a slightly higher patch of sawgrass 

(Figure 4.189).  RA-45 is similar, beginning on bedrock with Sedge vegetation, crossing 

a narrow Sedge-Eleocharis passage and multiple depressions in a Sedge zone, before 

reaching a patch of Sawgrass.  RA-41 and RA-42 both begin at a Tasistal magote, RA-42 

ending in lower ground with Sedge-Eleocharis and RA-41 connecting to a slightly higher 

area with Sedge-Scirpus to the west.   

 Four alignments were found in the northeastern part of the main savanna (Figure 

4.190).  RA-71 is over 100 m long, running through a Sawgrass community with muk at 

the west, crossing a Sedge channel, then ending at the east on bedrock supporting a Muk 

community.  RA-72 begins in Tintal at the edge of the wetland, crosses bedrock with 

some Muk, and ends at a small bedrock outcrop with Tintal, which links to RA-71.  RA-

73 cuts off a small lateral area of Sedge-Eleocharis from the main wetland, while RA-70 

crosses a Sedge passage to connect raised areas with Muk communities.      

 There are three sets of alignments at Corchal that cross the wetland from one side 

to the other (Figure 4.191 and Figure 4.192).  Starting at the north, RA-93, RA-94, RA-

12, RA-22, RA-13, RA-23, RA-24, and RA-25 appear to work together to form a single 

alignment.  RA-13 is the longest segment, and also the widest, and is interesting for the 

S-curve it makes near waypoint 279, and the jog it makes around a tiny depression at 

waypoint 57 (Figure 4.193 and Figure 4.194).  Where it crosses Sedge-Eleocharis, RA-13 
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increases to 1.4 m wide, and soil depth is .4 to .6 m deep.  The second set is RA-20 and 

RA-49, found roughly in the middle of the wetland.  The third set includes RA-38, RA-

35, and RA-37 (Figure 4.195).  RA-38 is one of the largest alignments at Corchal, and is 

interesting for a distinct 1.5 m gap where the alignment crosses a narrow Sedge-Scirpus 

channel.  The gap is similar to ones seen in RA-9 at Xpalma, RA-1 at Zanja, and RA-29 

at Media Luna, and may have functioned to allow water to pass through the alignment.   

 RA-69 and RA-95 are long alignments beginning in Muk vegetation at the 

southern side of the wetland, running out into the middle of the Sawgrass savanna, and 

ending without reaching any obvious topographic feature.  RA-88 and RA-90 are situated 

similarly, except being in Tintal vegetation at the northern side of the wetland.  RA-88 

(Figure 4.196) is the largest alignment at Corchal, nearly the size of RA-8 at Dos Leones.  

It takes a bizarre route to get out into the wetland, with many sharp turns, only some of 

which avoid holes in the bedrock.  Other nearby alignments such as RA-58, RA-11, and 

RA-21, run perpendicular to slope either near the boundary of Tintal and Muk (RA-58), 

or along the boundary between the Muk and Sawgrass communities (RA-11 and RA-21).  

Similar alignments on the opposite side of the wetland include RA-60 (Figure 4.197), 

RA-62, RA-63, RA-64, RA-66, and RA-67 (Figure 4.198).  RA-65 (Figure 4.199), 

however, is unique in that it is only 1 m long, but constructed entirely of upended slabs 

right at the edge of a micro-cenote that may have been used as a well.   
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Soils 

 Two soil profiles were investigated at Corchal wetland (see Figure 4.183).  SP-1 

was a core located in the northwestern corner of the Annona Forest at the end of the 

ecotourism boardwalk.  Soil depth to bedrock was greater than 1.25 m.  The PVC tube 

was inserted to a depth of only .3 m due to the presence of Annona glabra tree roots.  The 

profile contained a single O horizon of poorly decomposed organic matter.  SP- 2 was a 

core located 200 m southwest of here, on a small Annona Swamp hummock amidst the 

Sedge-Eleocharis community of the main savanna.  Soil depth to bedrock was .58 m and 

water was encountered at .10 m below the surface.  The PVC tube was inserted to a depth 

of .58 m, and the compacted core length was .35 m.  SP-2 contained a black, silty A 

horizon from 0-.20 m below surface with many fine roots and some shells.  This was 

underlain by an even darker, transitional horizon with very few roots (perhaps indicating 

permanent inundation) but many shells.  The base of the core contained two Bk horizons, 

differing only slightly in their color, characterized by clayey silt, presence of carbonates, 

and many small shells.   

 

Closest Archaeological Settlement 

 The site of Sabana China is located 1 km north of Corchal.  Beyond this, 

Pedregral is located 2.5 km southeast, and San Ramon is located 4 km northwest (see 

Figure 4.182).   
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Figure 4.182.  Corchal vicinity map. 
 



426 

 
 
Figure 4.183.  Corchal location map. 
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Figure 4.184.  Corchal vegetation map. 
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Figure 4.185.  Corchal Inset 1 map. 
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Figure 4.186.  Corchal RA-77 facing northwest.   
 

 
 
Figure 4.187.  Corchal RA-86 at left, RA-87 at right, facing north. 



430 

 

 
 
Figure 4.188.  Corchal RA-85 facing northeast. 
 

 
 
Figure 4.189.  Corchal RA-43 facing northwest.  
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Figure 4.190.  Corchal Inset 2 map. 
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Figure 4.191.  Corchal Inset 3 map. 
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Figure 4.192.  Corchal Inset 4 map. 
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Figure 4.193.  Corchal RA-13 facing northwest.   
 

 
 
Figure 4.194.  Corchal RA-13 facing east. 
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Figure 4.195.  Corchal RA-37 facing southwest.   
 

 
 
Figure 4.196.  Corchal RA-88 facing north. 
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Figure 4.197.  Corchal RA-60 facing southwest. 
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Figure 4.198.  Corchal RA-67 facing south. 
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Figure 4.199.  Corchal RA-65 facing south.   
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Rio Turbia 

 The Rio Turbia wetland is located 11 km east of the modern port town of 

Chiquilá, and abuts the north coast of the Yalahau region (Figure 4.200).  It is reached via 

motor boat from Chiquilá.  The boat ride is 13 km, and ends at the eastern property 

boundary for the ejido of San Angel.  The property boundary is a 5-m wide cleared 

swath, beginning at the north coast, and extending south for approximately 23 km (Figure 

4.201).  Rio Turbia is a brackish-water wetland dominated by mangrove forests and mud 

flats.  Access into and through this wetland was considerably more difficult than the 

freshwater wetlands.  Additionally, the wetland was flooded with .30 m of water during 

our May 23, 2010 visit.  The survey was largely limited to the cleared property boundary, 

which was followed south for 2 km from the beach of Laguna Conil.  Rio Turbia wetland 

is 5.5 km2 in size, measuring approximately 3 km east-west by 4 km north-south.  Our 

survey area covered .14 km2, representing 2 percent of the wetland (Figure 4.202).     

 

Vegetation 

 Along the property boundary, brackish-water vegetation in low areas extended for 

at least 1 km inland (Figure 4.203).  Tidal flats with White Mangrove (Laguncularia sp.) 

vegetation alternated with small areas of higher ground with Transitional Forest 

communities. Close to the beach, a 5-m wide corridor of drier ground was dominated by 

arozillo (Sesuvium portula castrum) and hulu (Bravaisia fubiflora).  A transect was cut 

through tall Mangrove forest heading east for 500 m, and encountered a sort of dry river 

filled with dead, meter-tall mangrove trees (Figure 4.204).    
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Rock Alignments 

 A system of interconnect rock alignments was encountered starting 500 m south 

of the beach (Figure 4.205).  These alignments are similar in construction to those 

recorded in freshwater wetlands, except that they form rectilinear enclosures roughly 100 

m on a side.  These enclosures were identified by following alignments which crossed the 

property boundary (Figure 4.206, Figure 4.207, and Figure 4.208).  Enclosure 1 formed a 

roughly square shape with sides approximately 130 m long.  Enclosure 1 appeared to 

follow the perimeter of an area of high ground with Transitional Forest.  Enclosure 2 

formed a roughly triangular shape with sides approximately 90 m long.  Enclosure 2 may 

also surround an area of higher ground, but this was not as obvious as it was with 

Enclosure 1.  Several other rock alignments linked to Enclosure 2 extended north and 

south in a meandering or branching fashion, and likely connect with one another to form 

other enclosures.  Nine additional rock alignments were found crossing the property 

boundary as we followed it south from Enclosure 2.  Waypoints were taken on these rock 

alignments, but due to time restrictions they were not followed or mapped.  However it is 

likely they form enclosures as well.   

 

Soils 

 Four soil profiles were investigated at Rio Turbia wetland, and all were located 

near the edges of a 100-m diameter clearing in Mangrove forest (see Figure 4.205).  SP-1 

and SP-4 were placed at the western edge of the clearing, where a thin border of 
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Mangrove trees met the Transitional Forest area surrounded by Enclosure 1.  SP-1 was a 

pit excavated to a depth of .56 m, where it encountered bedrock (Figure 4.209 and Figure 

4.210).  The water table was encountered at .25 m below surface.  The SP-1 profile 

contained a litter stratum from 0-.04 m, and an O horizon from .04 to .56 m below 

surface.  SP-4 was a core.  Soil depth to bedrock at SP-4 was .59 m, and water was 

encountered at .29 m below surface.  The PVC tube was inserted to a depth of .59 m, and 

the compacted core length was .27 m.  The SP-4 profile contained a salt and periphyton 

cap from 0 to .03 m, an O horizon from .03 to .26 m, and an incipient A horizon from .26 

to .27 m below surface.  SP-2 was a core located at the northeastern edge of the clearing.  

Soil depth to bedrock was .67 m, and water was encountered at .23 m below surface.  The 

core was inserted to a depth of .67, and the compacted core length was .36 m.  The SP-2 

profile contained a periphyton cap from 0 to .02 m, an O horizon from .02 to .15 m, and 

an A horizon from .15 to .33 m below surface (Figure 4.211).  SP-3 was a core located 

near the eastern edge of the clearing.  Soil depth to bedrock was .63 m, and water was 

encountered at .14 m below surface.  The core was inserted to a depth of .63 m, and the 

compacted core length was .41 m.  SP-3 interestingly contained no peat.  From 0 to .09 m 

below surface there was a grayish brown Bk1 horizon with medium-sized roots and the 

shells of brackish-water species.  From .09 to .41 m below surface there was a light gray 

Bk2 horizon with no roots or shells.  Both horizons in SP-3 reacted to HCL.  In the other 

cores, only the periphyton cap reacted to HCL.  It should also be noted that all cores 

collected here (SP-2, SP-3, and SP-4) contained a 1 mm thick lens of salt crystals at their 
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base (Figure 4.212).  Apparently when ocean water floods this area, it deposits salt on the 

surface, then rainwater washes it to the base of the soil profile, where it forms crystals. 

 

Closest Archaeological Settlement 

 The site of Vista Alegre is located 3.7 km northwest of Rio Turbia.  Beyond this, 

Zanja Pech is located 7.5 km west, and Conil is located 10.6 km west (see Figure 4.200).   



443 

 
 
Figure 4.200.  Rio Turbia vicinity map.   
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Figure 4.201.  Rio Turbia wetland overview, facing south down the ejido property 
boundary. 
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Figure 4.202.  Rio Turbia location map.  
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Figure 4.203.  Rio Turbia Vegetation map.   
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Figure 4.204.  Rio Turbia, overview of mangrove river facing east. 
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Figure 4.205.  Close-up map of Rio Turbia rock alignments. 
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Figure 4.206.  Example of a rock alignment at Rio Turbia, facing northeast. 
 

 
 
Figure 4.207.  Example of a rock alignment at Rio Turbia, facing south. 
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Figure 4.208.  Example of a rock alignment at Rio Turbia, facing north. 
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Figure 4.209.  Rio Turbia area of SP-1, flooded, facing south, with alignment at right. 
 

 
 
Figure 4.210.  Rio Turbia area of SP-1, dried, facing south, with alignment at right. 
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Figure 4.211.  Rio Turbia SP-2 overview facing west.   
 

 
 
Figure 4.212.  Rio Turbia, salt cap at base of SP-3 core.   
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Miraflor 

 Sabana Miraflor is located about 7 km west of the modern village of Francisco 

May in the eastern part of the Yalahau region (Figure 4.213).  The first attempt to access 

the wetland was on June 9, 2009.  This was unsuccessful due to a locked ranch gate 

encountered 5 km in from the unpaved north-south road.  However, on this 2009 visit our 

guide pointed out a cenote and three small house mounds on his property, as well as two 

rejolladas along the 2-track.  On May 2, 2010, our guide led us on a more northerly 2-

track that went all the way to the wetland.  It took approximately 1.5 hours to drive 8.6 

km, and the 2-track became very rough from 3 km onward.  The car was parked just 

outside of the wetland and the remainder of the 2-track was followed on foot to reach the 

savanna.  Miraflor is the third largest wetland in the Yalahau system at 10.7 km2.  It 

measures approximately 6.5 km north-south by 1.5 km east-west.  Reconnaissance was 

limited to a small block at the eastern edge of the wetland, due to the savanna being 

flooded with .60 m of water (Figure 4.214).  The survey area covered .21 km2, 

representing only 2 percent of the wetland (Figure 4.215 and Figure 4.216). 

  

Vegetation 

 Vegetation along the eastern edge of the wetland is a Transitional Forest 

community including scattered upland species, palo tinto trees, calabash trees, tasiste 

palms, and sawgrass (Figure 4.217). This area had been recently burned in a forest fire.  

Moving west, a Tasistal community was crossed before arriving at the open wetland.  

Miraflor is broad wetland with fairly flat topography, similar to that of Mil Novecientos.  
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Although flooding limited visibility, the open wetland vegetation appeared to be 

dominated by scattered stands of sawgrass separated by large areas with Blanquizal 

communities.  A Buttonwood Mangrove swamp was found at the western edge of the 

survey area.  As mentioned in Chapter 2, these Mangrove swamps were previously 

unreported for the inland Yalahau region.   

 

Rock Alignments  

 Several potential ancient rock alignments were recorded, but these turned out to 

be rocks placed along the side of the 2-track or bulldozer fire break that entered the 

wetland.  While flooding made it difficult to search for rock alignments, it is likely 

(considering the topographic similarity to nearby wetlands such as El Edén and Mil 

Novecientos) that additional survey at Miraflor will yield alignments.   

 

Soils 

 Two soil cores were collected from this wetland (see Figure 4.216).  The first, SP-

1, was pulled from the center of the Buttonwood Mangrove Swamp (Figure 4.218).  Soil 

depth to bedrock was .90 m and the water level was .30 m above surface.  The drive 

penetrated .9 m to bedrock, but soil compressed to .21 m due to its peaty nature and 

abundance of roots.  SP-1 contained a very dark grey O horizon from 0-.17 m below 

surface, and a white Bk horizon from .17-.21 m below surface.  The O horizon contains 

abundant fine and medium roots and undecomposed organic matter, and reacts to HCL.  

The underlying Bk horizon contains shells and few roots.  Core SP-2 was collected 150 m 
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north of SP-1 in the open wetland.  Soil depth to bedrock was 1 m, and the water level 

was .60 m above surface.  The drive penetrated 1 m to bedrock, but the soil compressed 

to .55 m.  SP-2 contained a white BA horizon from 0-.17 m, a white Bk horizon from .17-

.46 m, a light grey transitional horizon from .46-.48, and a black 2A horizon from .48-55 

m below surface.   The top three horizons are predominantly carbonate material.  Shells 

are abundant in the BA and transitional horizons, but absent in the Bk horizon.  The 2A 

horizon has no carbonates and represents an abrupt change from the above horizons.   

 

Closest Archaeological Settlement 

 Site 18 is located 4.4 km east and Site 14 is located 4.7 km east (see Figure 

4.213).  Additionally, the sites of Makabil and Cenote Azul (both likely associated with 

the El Edén wetland) are located 4.6 km and 5 km southeast of the southern tip of 

Miraflor. 
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Figure 4.213.  Miraflor vicinity map.  
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Figure 4.214.  Miraflor wetland overview.  
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Figure 4.215.  Miraflor location map.  
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Figure 4.216.  Miraflor location map showing close-up of survey area.  
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Figure 4.217.  Miraflor vegetation map.  
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Figure 4.218.  Miraflor SP-1 overview.   
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Chenhierro 

 This wetland is located 8 km southeast of Kantunilkin (Figure 4.219).  From 

Kantunilkin, the highway is taken south for 7.5 km.  A 2-track heads east from here for 

7.6 km to the trailhead, at which point a trail leads north for 4.5 km to reach the wetland.  

Chenhierro is a large, multi-armed wetland measuring 6.8 km2 in size.  Its dimensions, 

roughly, are 10 km long (north-south) by 700 m wide.  The survey area only covered .2 

km2, representing 3 percent of the wetland (Figure 4.220).  Due to the long commute, we 

were only able to survey a very small part of the wetland.   

 

Vegetation 

 At the northwestern part of the survey area, vegetation is dominated by Sawgrass 

mixed with some Muk, Vine, and Tasistal communities (Figure 4.221).  The Tasistal 

community contains many open spaces with Nymphoides indica and scattered sawgrass 

individuals.  A 70-m wide corridor of Upland Forest and Tintal vegetation crosses the 

survey area.  East of this, vegetation is primarily Sedge-Eleocharis and Sedge-Scirpus.  A 

small lagoon was encountered surrounded by a narrow band of Herbaceous vegetation.  

In the southern end of the survey area, Sawgrass and Nymphoides indica give way to a 

large field of duck potato (Figure 4.222).  Duck Potato frequently occurs in small 

quantities in the Sedge-Eleocharis community, but here the plant was ubiquitous.  The 

western edge of the wetland is a steep bedrock bank with only 10-15 m of Tintal 

separating the duck potato field from Upland Forest.  The terrain appeared to rise more 

gently on the eastern side of the wetland.   
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Rock Alignments 

 No rock alignments were identified at Chenhierro.  However, since such a small 

portion of the wetland was surveyed, additional reconnaissance is likely to identify 

alignments.   

 

Closest Archaeological Settlement 

 Three low rubble house mounds with scattered ceramics were noted 

approximately 500 m west of the wetland along the trail.  Additionally along the trail, 

100 m west of the wetland, a chultun was identified.  The chultun was bell-shaped, 

measuring 2 m deep by 2 m wide with a .4-m diameter opening.  The presence of the 

chultun suggests additional mounds will be found in the vicinity.  Aside from these 

mounds, the closest site to our survey area is Kantunilkin, at a distance of 8.5 km (see 

Figure 4.219).  In addition to the mounds, several segments of a truc line were noted 

crossing the wetland, and running through the forest near the trail (Figure 4.223).   
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Figure 4.219.  Chenhierro vicinity map.   
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Figure 4.220.  Chenhierro location map.  
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Figure 4.221.  Chenhierro vegetation map.   
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Figure 4.222.  Chenhierro wetland, overview of duck potato field, facing east.   
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Figure 4.223.  Truc bed crossing Chenhierro wetland, facing southwest.   
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Tulum 

 Tulum wetland is located 7.5 km northeast of the town of Kantunilkin (Figure 

4.224).  The wetland is reached via an unpaved road heading northeast for 7.7 km from 

the main north-south road in Kantunilkin.  From here, a 2-track heads east and then north, 

continuing for 1.7 km to reach a small cattle ranch at the edge of the wetland.  Tulum is 

one of several wetlands nearby that are small (ca. .2 km2) and drier than most other 

wetlands surveyed.  Tulum, in fact, was being used to graze cattle at the time of our 

survey in 2009.  Tulum wetland is .17 km2 in size, measuring approximately 500 m 

northwest-southeast by 300 m northeast-southwest.  The survey area measured .12 km2, 

representing 70 percent of the wetland (Figure 4.225).  Being small in size, we were able 

to cover most parts of the wetland in a single day of survey.   

 

Vegetation 

 Tulum is dominated by a Jicaral Forest community of 5-m tall calabash trees with 

a groundcover of very short grasses (Figure 4.226 and Figure 4.227).  Just east of the 

Jicaral zone is a shallow lagoon (Figure 4.228), bordered by a thin band of Sedge 

vegetation, then by Upland Forest at the north, east, and south.  The Jicaral Forest is 

bordered by a Drygrass community dominated by very short grass called nido de 

armadillo (Echinocloa sp.) and occasional patches of chilib.  At the north, the Drygrass 

zone encounters a 1-m tall bedrock bank with Upland Forest vegetation, and at the west 

and south, Drygrass transitions to a Tasistal community before reaching Upland Forest.   
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Rock Alignments 

 No rock alignments were encountered at Tulum. The likelihood of finding rock 

alignments in the unsurveyed portions of the wetland is estimated to be low.   

 

Closest Archaeological Settlement 

 The newly discovered site of Sakakal is located 2.5 km to the northwest.  Site 55 

is located 3.5 km northeast (see Figure 4.224).   



471 

 
 
Figure 4.224.  Tulum vicinity map.   
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Figure 4.225.  Tulum location map.  
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Figure 4.226.  Tulum vegetation map.   
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Figure 4.227.  Tulum, overview of Jicaral community, facing west.   
 

 
 
Figure 4.228.  Tulum wetland overview facing northwest.   
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San Jacinto 

 San Jacinto wetland is located 5.3 km northwest of the modern town of San Angel 

(Figure 4.229).  To reach the wetland, the Kantunilkin-Chiquilá highway is taken north 

for 4.3 km, then a 2-track heading west is followed for 2 km to reach the wetland.  San 

Jacinto is .24 km2 in size, measuring 1.6 km north-south by 100 to 200 m east-west.  The 

survey area covered .16 km2, representing 66 percent of the wetland (Figure 4.230).  Due 

to its small size, we were able to explore most parts of the wetland.  

 

Vegetation 

 San Jacinto is a narrow, fairly dry wetland dominated by Tintal and Drygrass 

vegetation communities (Figure 4.231).  Open Tintal and Tasistal communities are found 

in the southern half of the wetland.  Beyond this, Tintal is restricted to the rocky edges of 

the wetland, with Drygrass, Sawgrass (Figure 4.232), and Sedge being found in the center 

of the wetland.  A 300 m stretch in the northern half of the wetland is characterized by 

Sedge-Scirpus and Sedge-Eleocharis vegetation.  This is the only part of the wetland 

likely to inundate during the rainy season.  The Sedge community contains a mix of 

bareground, yarrow, Rhynchospora sp., sawgrass, and Scirpus cubensis (Figure 4.233).  

The Sedge zone is typically bordered by a Drygrass zone, which includes scattered 

calabash and tasiste individuals.  Beyond the Drygrass community is Tintal Forest.   
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Rock alignments 

 No rock alignments were encountered at San Jacinto. The likelihood of finding 

rock alignments in the unsurveyed portions of the wetland is estimated to be low.   

 

Closest Archaeological Settlement 

 The site of T/G-1 is located 5 km southeast.  Beyond this, the site of Solferino is 

located 6.8 km north, and the San Ramon is found 7.8 km east (see Figure 4.229).   
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Figure 4.229.  San Jacinto vicinity map.   
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Figure 4.230.  San Jacinto location map.   
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Figure 4.231.  San Jacinto vegetation map. 
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Figure 4.232.  Overview of the Sawgrass community in the central part of San Jacinto, 
facing north.   
 

 
 
Figure 4.233.  Overview of the Sedge community in the northern part of San Jacinto, 
facing north.   
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Tintal 

 The Tintal wetland runs north-south through the middle of the small modern town 

of Tintal (Figure 4.234).  The wetland is crossed by bridges on the Interstate 180 toll road 

(supercarratera) as well as the old 2-lane Highway 180.  Private properties and small 

farms are found within 10 m of the bedrock rim of the wetland.  This testifies to the steep 

sides of the wetland.  The wetland is easily accessed from a road running parallel to its 

western side.  Several walking paths facilitate movement through the wetland and an 

informal soccer field was noted in the large Sedge community at the northern end of the 

survey area.  The Tintal wetland is .35 km2 in size, measuring approximately 2.4 km 

north-south by 200 m east-west.  The reconnaissance survey focused on the southern 

third of the wetland, from the old Highway 180 bridge to the southern tip of the wetland 

(Figure 4.235).  The survey area covered .10 km2, representing 28 percent of the wetland 

(Figure 4.236).   

 

Vegetation 

 The vegetation in the survey area is dominated by Drygrass, Sawgrass, and Sedge 

communities (Figure 4.237).  Essentially, the western half of the wetland contains drier 

vegetation (Muk, Drygrass, and scattered palo tinto trees) on shallow soil (less than .2 

m), while the eastern half of the wetland contains more flood tolerant vegetation (Sedge, 

Sawgrass, Sedge-Scirpus, and Reeds) atop deeper soil (up to 5 m deep).  The Sedge 

community is a mix of Scirpus cubensis, Rhynchospora nervosa, duck potato, 

Nymphoides indica, and sawgrass stumps.  An area mapped as an Herbaceous zone in the 
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northeastern corner of the survey area is likely modern disturbance vegetation.  The 

eastern and western edges of the wetland are characterized by a 5-10 m band of 

Transitional Forest vegetation atop a fairly steep bedrock bank.  This is followed by 

Upland Forest vegetation or residential homes and farms.  The close proximity of private 

houses and yards to the edge of the wetland indicates the flood zone at Tintal is narrow 

and confined by steep sides.   

 

Rock alignments 

 No rock alignments were encountered at Tintal. The likelihood of finding rock 

alignments in the unsurveyed portions of the wetland is estimated to be low.   

 

Closest Archaeological Settlement 

 The site of El Tintal is located 1 km west of the wetland.  Beyond this, the site of 

Arizona is found 1.5 km north of the wetland (see Figure 4.234).    
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Figure 4.234.  Tintal vicinity map.   
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Figure 4.235.  Google Earth Street View image of the Tintal wetland, facing south from 
the old Highway 180 bridge.  Note houses on the left (Map Data: Google, INEGI).  
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Figure 4.236.  Tintal location map. 
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Figure 4.237.  Tintal vegetation map.   
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Sakakal 

 Sakakal wetland is located 3.5 km south of the modern village of San Angel 

(Figure 4.238).  The reconnaissance survey targeted two areas of the wetland.  Survey 

Area 1, visited on May 21, 2009, covered the southern quarter of the wetland.  The 

Kantunilkin-Chiquilá highway is taken north for 6 km from Kantunilkin.  From here, a 2-

track leads east for 2.7 km, crossing another small, dry wetland (Wetland #78).  At the 

end of the 2-track, a trail following an old property boundary leads 1.1 km through forest 

to reach Survey Area 1 in the southern end of Sakakal.  Survey Area 2, visited on May 

22, 2010, covered the northern half of the wetland.  The Kantunilkin-Chiquilá highway is 

taken north for 9.6 km from Kantunilkin.  From here, a 2-track leads east for 1.4 km.  

Then a trail leads east for 1.1 km to reach the northern end of Sakakal.  The trail meets 

the wetland where an abandoned raised stone 2-track crosses the wetland.  Sakakal is 1.1 

km2 in size, measuring approximately 4.3 km north-south by 100 to 400 m in the east-

west direction.  The two survey areas combined covered .5 km2, representing 45 percent 

of the wetland (Figure 4.239).   

 

Vegetation 

 The vegetation in Survey Area 1 is dominated by Jicaral, Drygrass, Peat Bog, and 

Herbaceous communities (Figure 4.240).  The 170-m diameter Jicaral zone at the 

southern tip of Sakakal is characterized by a forest of pure calabash trees (Figure 4.241).  

Aside from the Tulum wetland, such pure calabash forests were not seen at other 

wetlands surveyed as part of this dissertation.  There is a small lagoon that, at the time of 
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survey in 2009, was dry and mostly filled with Cyperus sp.  The lagoon is surrounded by 

a 20- to 50-m wide ring of Herbaceous vegetation dominated by tes plants (Figure 4.242).  

An extensive Peat Bog community surrounds the Herbaceous zone.  It is characterized by 

large cracks in the ground.  It is also vegetated (most areas mapped as Peat Bog are 

unvegetated) with tes, Scirpus cubesnsis, and other sedges and grasses.  To the east and 

west, a thin (5- to 10-m wide) strip of firm ground with Sedge or Drygrass vegetation 

separates the Peat Bog zone from Upland Forest.  Larger Drygrass areas are found north 

and south of the Peat Bog zone.   

 In Survey Area 2, the savanna vegetation is more typical. North of the old 2-track, 

an unvegetated Peat Bog is surrounded by a small band of Herbaceous vegetation, 

followed by Drygrass, Muk, and Tasistal communities.  South of the 2-track, the main 

savanna is dominated by an unvegetated Peat Bog bordered by Sedge-Eleocharis and 

Sedge-Scirpus communities.  A very small lagoon is ringed by Herbaceous vegetation.  

On the eastern side of the wetland here, the transition from savanna to forest (via Muk 

and Tasistal) occurrs over a short distance (40 m).  On the western side of the wetland, 

the transition is more gradual.  West of the Sedge-Scirpus zone is a Sedge area 

characterized by a mix of yarrow and Eleocharis sp.  This is followed uphill by a Muk 

community up to 70 m wide, which in turn is followed by a Tasistal community.  A 

narrow corridor of Jicaral leads south from here through a massive Muk zone to reach the 

next savanna.  This central savanna is dominated by Sedge-Eleocharis, and has a small 

lagoon with Herbaceous vegetation at its center.   
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Rock Alignments 

 No rock alignments were encountered at Sakakal. The likelihood of finding rock 

alignments in the unsurveyed portions of the wetland is estimated to be low.  

 

Soils 

 Two soil profiles were investigated at Sakakal.  Both were located in Survey Area 

1.  SP-1 was placed in the western part of the Jicaral forest (Figure 4.243).  SP-1 was a pit 

excavated to a depth of .3 m below surface; however, a soil probe indicated soil depth to 

bedrock was 3 m.  The SP-1 profile contained a black silty Ah horizon from 0 to .03 m 

below surface, a dark grey, clayey AB horizon from .03 to .13 m, and a mottled grey and 

brown reductomorphic horizon from .13 to .30 m.  SP-2 was placed near the edge of the 

large Herbaceous community surrounding the dry lagoon (Figure 4.244).  SP-2 was a pit 

excavated to a depth of 1.3 m.  Depth to bedrock here is unknown.  The SP-2 profile 

contained a dark brown, peaty A1 horizon from 0 to .52 m below surface, a black silty 

clay A2 horizon from .52 to .98 m, and a mottled grey and brown reductomorphic A3 

horizon from .98 to 1.3 m.   

 

Closest Archaeological Settlement 

 The newly discovered ruins of Sakakal are located 50 m from the western edge of 

the wetland.  These ruins were encountered serendipitously when an unusually tall tree 

was noticed rising above the canopy near the edge of the wetland (Figure 4.245).  This 

tree was growing atop a 9.5 m tall pyramid (Structure 1).  Two other platforms were 
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found adjacent west of the pyramid (Figure 4.246 and Figure 4.247).  A 200 m radius 

around these buildings was searched but no other ruins were found.  The ruins were 

measured with tape and compass, and heights were taken using a stadia rod and hand 

level.   

 

Structure 1: This is a square-based pyramid measuring 25 m on a side, and 9.5 m tall at 

its highest point.  The pyramid is steep-sided, composed mostly of limestone boulders 

with only a few cut stones noticed.  The platform at the top of the pyramid measured only 

4 m by 4 m.  A bulge on the north side of the pyramid may be the remnants of a staircase, 

but it was difficult to tell.  A low plaza measuring 15 m north-south by 20 m east-west 

was attached to the southern edge of the pyramid.  The plaza sat less than 1 m above the 

surrounding ground surface, and had a collapsed perimeter wall measuring about .25 m 

tall.  The terrain drops quickly from the eastern base of Structure 1 to the edge of the 

wetland, approximately 3.2 m in elevation over 30 m distance.   

 

Structure 2:  This is a square platform located 12 m west of Structure 1.  Its base 

measures approximately 20 m on a side, its flat top measures 10 m on a side, and it is 3.4 

m tall (Figure 4.248).  A small looters pit was noted on the top of the platform near its 

southeastern corner.   

 

Structure 3: This rectangular platform is connected to the northern end of Structure 2 by a 

low saddle composed of collapsed rubble from both structures.  Structure 3 measures 
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approximately 40 m north-south by 20 m east-west, and is 6.5 m tall on its eastern side 

(but only 2 to 3 m tall on its western side).  A large looters quarry has removed a 15-m 

diameter section of the eastern side of this structure.  The looting, however, has exposed 

five intact courses of a wall from a sub-structure (Figure 4.249).  Karl Taube (personal 

communication 2013) viewed photos of this intact substructure and commented that the 

construction appears to be megalithic in style.  This would date at least one phase of 

construction at Sakakal to the Late Preclassic or Early Classic period.   



492 

 
 
Figure 4.238.  Sakakal vicinity map.   
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Figure 4.239.  Sakakal location map.   
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Figure 4.240.  Sakakal vegetation map.  
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Figure 4.241.  Sakakal wetland, overview of the Jicaral forest, facing east. 
 

 
 
Figure 4.242.  Sakakal wetland overview of the Cyperus sp.-filled dry lagoon ringed by a 
Herbaceous vegetation community, facing southwest. 
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Figure 4.243.  Sakakal SP-1 overview facing northeast.  
 

 
 
Figure 4.244.  Sakakal SP-2 overview showing thick peat deposits.  
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Figure 4.245.  Sakakal wetland overview facing west.  Guaya tree growing atop Sakakal 
Structure 1 in the background.  
 

 
 
Figure 4.246.  3D reconstruction of the Sakakal site, view from the southeast (created by 
Jeffrey Vadala).   
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Figure 4.247.  Sakakal site map.   
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Figure 4.248.  Sakakal Structure 2, south side facing north. 
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Figure 4.249.  Sakakal Structure 3 substructure exposed by stone-robbing, facing west. 
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Preliminary Results of Soil Analysis and Radiocarbon Dating 

Soil Diversity 

 Soils were sampled from 12 wetlands, including 23 soil cores and seven 

excavated pits.  The soil sampling program is a collaborative project and analysis is still 

underway at UNAM, but some preliminary interpretations can be offered.  The regional 

soil sampling revealed a greater range of soil depths and soil types than was known from 

previous UNAM studies at the El Edén wetland (Solleiro-Rebolledo et al. 2011).  At the 

Zanja wetland, soil deeper than 6 m was identified using the soil probe, and numerous 

other wetlands contained soil deposits 2-3 m deep.  The deepest soils previously reported 

at El Edén were about 1 m, but Chmilar (2013) has recently extracted cores greater than 2 

m in length.  In some wetlands such as Sakakal, extensive areas of peat (ca. .5 m to1 m 

thick) were identified.  Peats are typical of subtropical wetland soils (such as those found 

in the everglades), but only occurred in very restricted contexts at El Edén, giving the 

impression that the Yalahau wetland soils were atypical.  The regional cores also 

contained a red clay horizon that was previously unknown in wetlands of the region.  

Sedov (personal communitcation 2010) explained that such “red” soils are more 

characteristic of upland soils.  The red color comes from oxidation of ferrous materials in 

the soil, indicating the soil was exposed to air (i.e. unflooded) for a sufficient portion of 

the year.  These soils may have formed at a time when these areas of the wetland were 

much drier than they are today.   

 Soil core profiles can be grouped into three types: 1) those dominated by Bk 

horizon calcium carbonates (Figure 4.250), 2) those dominated by thick layers of peat or 
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A horizons (often with red clay at the bottom; Figure 4.251), and 3) those with lots of 

banding and buried A horizons (Figure 4.252).  These three profile types reflect different 

formation processes and different kinds of wetland environments.  Type 1 profiles are a 

product of the activity of algae (periphyton), which precipitates secondary carbonates and 

leads to the build up of light gray Bk soil horizons (Calcisols; Solleiro-Rebolledo et al. 

2011).   This process is believed to occur when a wetland has deeper water levels and is 

more frequently flooded.  Type 2 profiles indicate drier periods in the wetland.  The soil 

may be saturated, but without flooding, periphyton activity is reduced and thus so is the 

buildup of carbonate soil horizons.  Instead, more wetland vegetation grows, dies, and 

accumulates as organic material on the surface.  Type 3 profiles represent frequent 

(perhaps on a scale of decades or centuries) changes between the environments of Types 

1 and 2.  These changes may reflect regional climate and precipitation trends, but they 

also may have to do with local hydrodynamics within the wetland. 

 Regarding the agricultural suitability of these soils: Type 1 profiles have high pH 

values, low concentrations of organic material, and poorly developed structure.  

Additionaly, phosphorous is fixed in the soil and unavailable to plants, so Type 1 profiles 

would not have support crops.  Type 2 profiles have more organic carbon, more neutral 

pH, and would have been suitable for planting crops.  Vegetation distributions in 

wetlands today bear witness to the agricultural suitability of these soil types.  Regularly 

flooded areas with Type 1 soils support low levels of plant diversity (mainly sawgrass, 

cattail, Eleocharis sp., and Scirpus cubensis).  Type 2 soils, found in the less regularly 

flooded margins of the wetland, tend to support higher levels of plant diversity (e.g., in 
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Tintal communities).  Even in regularly flooded areas with Type 2 soils, greater plant 

diversity is found (e.g., in Annona Swamps and Herbaceous communities; see Solliero-

Rebolledo et al. 2011:325, 330).   

 

Radiocarbon Dates 

 Ten radiocarbon dates were collected from three different cores and span the past 

3200 14C years B.P. (Table 4.1 and Figure 4.253).  The main goal with radiocarbon dating 

was to determine where the water table was in the Late Preclassic period 2000 years ago, 

and to corroborate Wollwage’s (2007:96) data from Cenote T’isil for a 1 m lower water 

table at A.D. 300.  The Zanja core had six dates and was the most well-stratified 

sequence, but the sediments were compacted during coring by about .60 m so the depths 

are not accurate.  The single date from the Media Luna core was not a sealed context so it 

was avoided.  Therefore, I referred the buried A horizon (4A) in the Esperanza Core (the 

2630 ± 15 date was avoided because it is not well sealed by different horizon types).  A 

date of 3115 ± 40 (AA 92179, organic-rich soil, δ13C = -26.9‰) came from a depth of 1 

m within the 4A horizon.  When this 4A horizon was forming, the average water table 

had to be slightly below the surface, as it is with the modern A horizon, thus at 3115 +- 

40, the water table was ca. 1 m lower than modern levels.  This translates to a Late 

Preclassic (ca. 2000 years ago) water table ca. .70 m below modern levels.  This is 

slightly off from the estimate given by Wollwage (2007), but is similar to estimates for 

wetland water levels in northern Belize, which suggest a water table at 3000 calibrated 
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years B.P. (1050 B.C.) that was 1 m lower than present, and at 2000 calibrated years B.P. 

(50 B.C.) that was .60 m lower than present (Beach et al. 2009:1711).   

 Despite the fact that the Zanja core is compacted, the dates are accurate and so are 

the changes.   The 12 alternating organic and carbonate strata laid down over the past 

2098 14C years B.P. suggest changes from drier to wetter conditions in the wetland took 

place approximately every 180 years.   

 



505 

 

 
 
Figure 4.250.  Examples of Type 1 soil profiles.   
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Figure 4.251.  Examples of Type 2 soil profiles.   
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Figure 4.252.  Examples of Type 3 soil profiles.   
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Table 4.1.  Results of AMS dating of organic-rich soil from wetland cores. 
 

Lab ID 

Depth 

(cm) Material δ
13

C 
14

C age BP 

2σ Calibrated Age 

Ranges 

Zanja Core 1 

AA 92181 24 org-rich 
soil 

-27.2 38 ± 39 AD 1692-1728 (p = .231)     
AD 1811-1920 (p = .725)     
AD 1952- 1955 (p = .045) 

UCIAMS 104165 47 org-rich 
soil 

* 1550 ± 
15** 

AD 432-495 (p = .605)       
AD 503-560 (p = .395) 

AA 92182 59 org-rich 
soil 

-27.8 1137 ± 35 AD 781-791 (p = .026)       
AD 807-986 (p = .974) 

UCIAMS 104167 67 org-rich 
soil 

* 1375 ± 15 AD 643-667 (p = 1) 

UCIAMS 104168 79 org-rich 
soil 

* 1695 ± 15 AD 260-283 (p = .129)        
AD 323-407 (p = .871) 

AA 92183 88 org-rich 
soil 

-27.6 2098 ± 39 344-323 BC (p = .025)         
205-37 BC (p = .955)             
30-21 BC (p = .009)               
11-2 BC (p = .011) 

Esperanza Core 2 

UCIAMS 104164 30 org-rich 
soil 

* 1175 ± 15 AD 779-794 (p = .106)          
AD 798-894 (p = .886)           
AD 929-932 (p = .007) 

UCIAMS 104166 74 org-rich 
soil 

* 2630 ± 15 815-793 BC (p = 1) 

AA 92179 99 org-rich 
soil 

-26.9 3115 ± 40 1493-1476 BC (p = .025)   
1460-1292 BC (p = .968)  
1277-1272 BC (p = .007) 

Media Luna Core 1 

AA 92180 37 
org-rich 
soil -28.7 1706 ± 37 AD 248-413 (p = 1) 

*Dates are corrected for isotopic fractionation but δ13C values are not reported to clients. 
**Date represents an age reversal and is excluded from analysis.   
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Figure 4.253.  Three soil cores showing horizon designations and radiocarbon dates. 
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Conclusions 

 Reconnaissance survey was carried out at 25 wetlands.  The 25 wetlands ranged 

in size from .17 km2 to 31 km2 and the total area surveyed across these 25 wetlands was 

10.1 km2.  Nineteen of the 25 wetlands had rock alignments.  In total, 438 rock 

alignments were recorded.  The wetland with the greatest number of alignments was 

Corchal with 88.  Several wetlands, however, only had a few rock alignments.  In some 

cases, rock alignments were found in all parts of a wetland, while in other cases they 

appeared to be restricted to particular areas of the wetland.  Patterns in the distribution of 

rock alignments will be discussed in Chapter 5.  The five new sites, while not 

investigated in detail, were relatively small in size, but all were located within 1 km of a 

wetland.  They may contribute to our understanding of settlement patterns in the region.   

 Soil samples were collected from 12 wetlands.  Preliminary analysis suggests a 

surprising diversity of soil types compared to previous information on soils from El Edén.  

The three soil profile types reflect different environmental conditions, mainly in terms of 

hydrology.  Some wetlands appear to have been flooded more regularly, while others 

tended to be drier.  Radiocarbon dates on these soils indicate numerous shifts from wet to 

dry occurred over the past 3000 years, and more importantly, provide an estimate for a 

Late Preclassic water table that was ca. .70 m below the modern water table position.  

This information will be used for the evaluation of Hypothesis 2 in Chapter 5.   
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CHAPTER 5 : ANALYSIS, DISCUSSION, AND CONCLUSIONS 

 

Introduction 

 The goal of this dissertation was to understand the extent and nature of ancient 

Maya use of wetlands in the Yalahau region.  In order to achieve this, an archaeological 

and environmental survey of a sample of freshwater wetlands was conducted.  In the end, 

reconnaissance survey was carried out at 25 wetlands, with a total survey area of 10.1 

km2.  Elevation transects were established at five of these wetlands, water loggers were 

installed at two of these wetlands, and soil samples were collected from 12 of these 

wetlands.  Nineteen wetlands had rock alignments, six wetlands did not.  In total, 438 

rock alignments were recorded.  This chapter will synthesize these data in order to 

evaluate the hypotheses laid out in Chapter 1.  Data collected on the rock alignments will 

be summarized below.  In particular, I will discuss the typology used to group the 

alignments, as well as what the vegetation associations tell us about the topographic 

placement of alignments.  I will also talk about the general distribution of alignments in 

wetlands, and consider why alignments were not built in six of the 25 wetlands.  

 

Rock Alignment Typology 

 In their article, Fedick et al. (2000) described five types, based on physiographic 

location, by which to group the alignments of El Edén.  I adopted (in slightly modified 

form) their five types, and added six additional types, to accommodate the increased 

variation in rock alignments observed in the regional wetland sample.   
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1) Long alignments crossing the wetland or closing off major sections of the wetland 

(Figure 5.1). 

 

2) Alignments blocking the margin of shallow, soil-filled depressions surrounded by 

bedrock.  These alignments typically block the lowest margin, but are occasionally built 

on a high margin or on top of the bedrock margin of the depression (Figure 5.2). 

 

3) Alignments running perpendicular to gentle slopes in higher areas of the wetland 

(Figure 5.3).   

 

4) Alignments running perpendicular to slopes within or leading into broad depressions in 

the savanna portion of the wetland (Figure 5.4).   

 

5) Alignments running perpendicular to and across narrow, relatively deep channels.  The 

channels are often crossed by a series of alignments (Figure 5.5). 

 

6) Alignments blocking narrow inlets of low terrain intruding into the bedrock bank of 

the wetland.  These alignments separate the inlet from the main part of the wetland 

(Figure 5.6).    
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7) Alignments connecting magotes.  Magotes are bedrock hummocks appearing as small 

islands surrounded by the open wetland.  These alignments are typically less than 20 m in 

length, and they often integrate a series of magotes, ostensibly creating enclosed spaces.  

This type was based on Media Luna and Pichol, where many magotes were found to all 

be connected by alignments (Figure 5.7). 

 

8) Alignments extending from magotes.  These are short (usually less than 5 m), dock-

like alignments extending from the edge of a magote into lower ground.  They are similar 

to Type 7 alignments, except that they do not cross to the next magote (Figure 5.8).   

 

9) Alignments situated on top of magotes.  While Type 7 and Type 8 alignments begin at 

the edge of the magote, Type 9 alignments are found on top of the magote.  These 

alignments may connect raised areas on the magote, appearing in a similar configuration 

as Type 7 alignments but at a higher elevation.  They are also found on flat ground on top 

of the magote near its edge where it drops down to lower ground (Figure 5.9).   

 

10) Alignments situated perpendicular to slope on top of, or right in front of, the bedrock 

bank of the wetland.  They often form a curved or angular C-shape, and appear to extend 

the higher ground at the edge of the wetland (Figure 5.10).   

 

11) Property alignments (albarradas).  This type was based on survey at Rio Turbia, 

where several groups of alignments were found forming rectilinear enclosures 
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approximately 100 m on a side (Figure 5.11).  Individual alignments could not be 

distinguished since most connected to one another.  These alignments, therefore, have 

been excluded from the following analysis, and will be addressed separately (see below).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



515 

 
 

 
 
Figure 5.1.  Type 1 alignments: (a) Media Luna RA-1; (b) Dos Leones RA-8. 

a 

b 
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Figure 5.2.  Type 2 alignments: (a) Chaca Marin RA-6; (b) Dos Leones RA-2. 

b 

a 
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Figure 5.3.  Type 3 alignments: (a) Chaca Marin RA-2; (b) Corchal RA-67. 

a 

b 
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Figure 5.4.  Type 4 alignments: San Pastor RA-2 facing (a) east and (b) south. 
 

 

a 

b 
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Figure 5.5.  Type 5 alignments: (a) Mil Novecientos RA-28; (b) San Aurelio RA-27. 

a 

b 
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Figure 5.6.  Type 6 alignments: (a) Media Luna RA-8; (b) Corchal RA-60. 
 

a 

b 
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Figure 5.7.  Type 7 alignments: (a) Pichol RA-19; (b) Media Luna RA-43. 

a 

b 
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Figure 5.8.  Type 8 alignments: (a) Jona RA-8; (b) Chantomate RA-9 (buried alignment 
runs from small topographic rise with orange C. filiformis at right, into a micro-cenote 
several meters to the left).   

a 

b 
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Figure 5.9.  Type 9 alignments: (a) Media Luna RA-5; (b) Pichol RA-35. 

a 

b 
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Figure 5.10.  Type 10 alignments: (a) Xpalma RA-12; (b) Media Luna RA-30. 

a 

b 
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Figure 5.11.  Type 11 alignment from Rio Turbia. 
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Rock Alignment Attributes 

Length: Alignment lengths range from a minimum of 2 m to a maximum of 246 m.  The 

average length was 27.85 m.   

 

Width: Widths range from .10 to 2.5 m, with the average being .46 m.   

 

Height: Heights range from .05 to .80 m, with the average being .25 m.   

 

Stone Type: Sixty-nine percent of alignments were built with sub-angular boulders, 3 

percent were built primarily with flat slabs, and 28 percent were built using a 

combination of boulders and slabs.   

 

Stone Size: Stones range from .10 m in diameter to 1.2 m in diameter, with the average 

diameter being .34 m.  The largest stone found in an alignment was a block measuring 1 

m by .8 m by .3 m in RA-9 at Dos Leones.   

 

Courses Wide:  Number of courses wide ranges from a minimum of 1 to a maximum of 

10, with the average being 1.85.  There were 136 alignments that were only one course 

wide.  Frequently, the number of courses within the alignment varied.  For example, 113 

alignments were 1 to 2 courses wide.   
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Courses High:  Number of courses high ranges from a minimum of 1 to a maximum of 5, 

with the average being 1.19.  There were 296 alignments that were only one course high.  

Eighty-three alignments were 1 to 2 courses high.   

 

Upended:  Of the alignments incorporating slabs, sixty percent have no upended slabs, 36 

percent incorporate some upended slabs, and 4 percent include many upended slabs.   

 

Soil Depth at Base of Alignment: The minimum soil depth on which alignments were 

built is 0 m, the maximum is 1 m, and average was .08 m.  About 100 alignments were 

built directly on bedrock.  Others alignments with deeper soil at their base may reflect 

that the alignment was built atop deep soil, but also may simply mean that the alignment 

is buried to that depth (in other words, the alignment extends downward below the soil 

surface to bedrock.  It is difficult to evaluate this without excavation.   

 

Soil Depth Within 10 m:  A soil probe was used to check soil depth at several places on 

either side of the alignment, generally 5 to 10 m away from the alignment.  The goal was 

to identify deep-soil depressions that the alignment may have interacted with, or to 

support the use of alignments as soil traps by identifying deeper soil on the uphill side of 

the alignment.  Soil depth surrounding alignments ranged from 0 to 1.15 m, with the 

average being .26 m.  Table 5.1 illustrates, with both sides being equal, how deep soil 

tends to be around rock alignments.  Soil depth is .20 m or less in over 60 percent of rock 

alignments.  This is not to say soil may not be deeper farther away from the alignment, 
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but generally, alignments are located in areas of relatively shallow soil.  Table 5.2 

illustrates discrepancies between soil depth on opposites sides of rock alignments, and 

may be useful for identifying potential soil traps.  For example, 48 percent of alignments 

have no difference in soil buildup on either side of the alignment.  On the other hand, in 

35 percent of alignments, one side contains soil that is up to .20 m deeper than the other 

side.   

 

Vegetation:  Table 5.3 lists all 23 vegetation zones and land cover types (including sub-

communities and communities excluded from analysis) and how much of the total survey 

area they represent.  It also shows the number of rock alignments recorded for each 

vegetation zone, and the percentage of all rock alignments.  Table 5.4 shows the 15 main 

vegetation communities being used in the analysis (and described in Chapter 4): 

vegetation sub-communities are combined with their parent communities, and 

Bareground, Bedrock, Coastal Mangrove, and Water communities are excluded.  

Bareground and Bedrock are excluded because they covered such a small portion of the 

survey area, Water is excluded because water bodies were not entered during survey, and 

Coastal Mangrove was excluded because it represents a different environmental context 

than all the other wetlands surveyed.   

 As can be seen, rock alignments were not found in every vegetation zone.  Some 

vegetation communities yielded no alignments, while others yielded very few.  Typically, 

vegetation zones lacking rock alignments represented a very small (less than 1 percent) 

portion of the total survey area.  Thus it is possible that the absence of alignments in these 
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zones reflects a lack of survey coverage, and that additional survey in theses zones will 

lead to the discoverey of alignments.   

 However, it is also apparent that in communities containing alignments, 

alignments were not distributed evenly, suggesting lack of alignments in some vegetation 

communities may not be due to minimal survey coverage.  Table 5.5 shows the expected 

vs. observed number of rock alignments for each vegetation community, based on how 

much of the total survey area that vegetation community represents.  For example, the 

Sawgrass community represents 28 percent of the total survey area, thus it is expected to 

contain 28 percent (123 rock alignments) of the 438 rock alignments recorded, if rock 

alignments were distributed randomly among vegetation comminities.  However, the 

Sawgrass community only contained 6.85 percent (30 rock alignments) of the 438 rock 

alignments.  The Vine community had the most positive difference between the expected 

and observed number of alignments, and the Peat Bog community had the most negative 

difference between the expected and observed number of alignments (excluding the 

communities where no alignments were recorded).  This data shows that the distribution 

of rock alignments between vegetation communities is not random.      

 

Type:  Table 5.6 shows the number of rock alignments per type, and the percent of all 

rock alignments affiliated with each type.  As can be seen, Type 7 alignments were by far 

the most common, representing 35 percent of all alignments.  In terms of frequency, Type 

7 alignments are followed by alignment Type 5, then Types 3, 4, and 6.  The least 

common type was Type 11.   
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Issues of Rock Alignment Typology 

 A word of caution regarding the rock alignment typology described above: many 

alignments could be considered as falling into two different types.  For example, several 

alignment types (Type 5 “cross-channel alignments”, Type 6 “alignments blocking 

inlets”, and even Type 1 “long alignments”) connect raised areas at either end and thus 

could be considered Type 7 “magote-to-magote” alignments.  Additionally, the typology, 

although attempting to be neutral, has the bias of my interpretation of rock alignment 

function.  For example, an alignment may be typed “cross-channel” because I assume it 

was built to affect soil or water moving perpendicular to it, rather than typing it “magote-

to-magote” and assuming it was built as a walkway to allow people to cross from one 

side of the channel to the other.   
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Table 5.1.  Breakdown of soil depth within 10 m of rock alignments, provided soil depth 
range is the same on opposite sides of the alignment. 
 

Alignments with the same soil depth range on both sides 
Soil Depth (m) # of Alignments 

0 9 (3 %) 
1-.20 180 (63.6 %) 
0.21-.40 63 (22 %) 
.41-.60 20 (7 %) 
.61-.80 10 (3.5 %) 
.81-1.0 0 (0 %) 
> 1.0 1 (.3 %) 

 
 
Table 5.2.  Breakdown of differences between soil depth on opposite sides of an 
alignment. 
 

Soil depth difference between one side of an alignment and the other side, and # of 
alignments falling into each depth range category 
Difference in Soil Depth (m) # of Alignments 

0 192 (48 %) 
1-.20 140 (35 %) 
0.21-.40 43 (10 %) 
.41-.60 13 (3 %) 
.61-.80 4 (1 %) 
.81-1.0 1 (less than 1 %) 
> 1.0 5 (1 %) 
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Table 5.3.  All 23 vegetation/land cover communities, showing area covered and number 
of rock alignments associated with each.  Communities in green font are sub-
communities, and those in red are excluded from the subsequent analysis. 
 

Vegetation Community 

Vegetation 

Area (km
2
) 

% of All 

Vegetation RA Count 

% of All 

RAs 

     
Annona Swamp 0.07 0.74   
Bareground 0.00 0.01   
Bedrock 0.00 0.05   
Blanquizal 0.08 0.78 1 0.23 
Buttonwood Mangrove 0.01 0.11   
Cattail 0.04 0.37   
Drygrass 0.47 4.63 28 6.36 
Herbaceous 0.05 0.51 3 0.68 
Jicaral 0.09 0.91   
Mangrove (Coastal) 0.00 0.01 *  
Muk 0.50 4.92 64 14.55 
Peat Bog 0.41 4.03 1 0.23 
Reeds 0.01 0.09   
Sawgrass 2.80 27.76 30 6.82 
Sedge 0.57 5.65 71 16.14 
Sedge - Eleocharis 1.45 14.34 70 15.91 
Sedge - Scirpus 1.61 15.93 88 20.00 
Tasistal 0.74 7.29 8 1.82 
Tintal 0.55 5.48 20 4.55 
Transitional Forest 0.09 0.89   
Upland 0.10 0.99   
Vine 0.33 3.25 54 12.27 
Water 0.13 1.26   
     
TOTALS 10.10 100.00 438 100.00 

 
* Rio Turbia alignments cannot be tallied as individual features.   
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Table 5.4.  Distribution of rock alignments within the 15 main vegetation communities 
(sub-communities incorporated into main communities, and excluding the communities 
in red font above). 
 

Vegetation Community 

Vegetation 

Area (km
2
) 

% of All 

Vegetation  

RA 

Count 

% of All 

RAs 

     
Annona Swamp 0.07 0.75 0  
Buttonwood Mangrove 0.01 0.11 0  
Cattail 0.04 0.37 0  
Drygrass 0.47 4.70 28 6.39 
Herbaceous 0.05 0.52 3 0.68 
Jicaral 0.09 0.92 0  
Muk 0.50 4.99 64 14.61 
Peat Bog (+ Blanquizal) 0.49 4.87 2 0.46 
Sawgrass (+ Reeds) 2.81 28.23 30 6.85 
Sedge (+ Eleocharis & 
Scirpus 3.63 36.41 229 52.28 
Tasistal 0.74 7.39 8 1.83 
Tintal 0.55 5.55 20 4.57 
Transitional Forest 0.09 0.90 0  
Upland 0.10 1.00 0  
Vine 0.33 3.29 54 12.33 
     
TOTALS 9.97 100.00 438 100.00 
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Table 5.5.  Expected vs. observed distribution of rock alignments within vegetation 
communities, sorted high to low by the % Difference column.   
 

Vegetation Community 

Expected 

# RAs 

Observed 

# RAs 

% Difference Between 

Observed and Expected 

    

Vine 14.41 54 +274.61 
Muk 21.86 64 +192.79 
Sedge (+ Eleocharis & 
Scirpus 159.47 229 +43.60 
Drygrass 20.57 28 +36.09 
Herbaceous 2.28 3 +31.40 
Tintal 24.31 20 -17.72 
Tasistal 32.37 8 -75.28 
Sawgrass (+ Reeds) 123.65 30 -75.74 
Peat Bog (+ Blanquizal) 21.34 2 -90.63 
Annona Swamp 3.28 0 -100.00 
Buttonwood Mangrove 0.47 0 -100.00 
Cattail 1.63 0 -100.00 
Jicaral 4.05 0 -100.00 
Transitional Forest 3.94 0 -100.00 
Upland 4.38 0 -100.00 
    
TOTALS 438 438  
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Table 5.6.  Distribution of rock alignments by Type.   
 

RA Type RA Count RA  % 

1 22 5.00  
2 28 6.36  
3 42 9.55  
4 42 9.55  
5 50 11.36  
6 40 9.09  
7 158 35.91  
8 37 8.41  
9 5 1.14  
10 14 3.18  
11 * * 
   
TOTALS 338 100.00  

 
* Rio Turbia alignments cannot be tallied as individual features.   
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Evaluation of Hypotheses 

 

Hypothesis 1 

There is a correlation between the distribution of rock alignments and the hydroperiod 

(flood extent/duration) of the location at which the alignments were built.   

 Expectations: Alignments will be found at specific elevations and physiographic 

settings within the wetlands.  Alignments of different forms or types (and interpreted 

functions) will be found at different elevations and physiographic settings. 

 

 Is there a pattern in the topographic placement of rock alignments?  In order to 

answer this question, it is necessary to return to the current vegetation communities and 

their associated elevation ranges and evaluate how rock alignments are distributed among 

them.  Of the 15 vegetation communities, some occupied fairly distinct elevation ranges, 

while others overlapped to a great degree.  To simplify the analysis, the 15 vegetation 

communities were divided into five elevation ranks.  Table 5.7 shows that the majority of 

rock alignments (313, 71 percent) were found in the Rank 4 elevation range.  The Rank 3 

elevation range, just uphill, contained 92 rock alignments (21 percent).  These rock 

alignments, having been constructed at a fairly restricted elevation range within wetlands, 

were likely built at the same time in the past to interact with a particular water regime.   

 Another pattern emerged from the rock alignments associated with Rank 4 

vegetation communities, especially those associated with the Sedge community.  

Alignments are almost never randomly placed within Sedge vegetation.  In other words, 
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rock alignments are rarely associated with the central portions of extensive Sedge areas 

that occur in the middle of wetlands, even though the flood regime should be similar 

regardless of the location and extent of the Sedge community.  Instead, these alignments 

are found at the edges of the Sedge community, frequently running from a higher area 

that is not Sedge, through a lower area that is Sedge, and ending at a higher area that is 

not Sedge.  If the Yalahau rock alignments were property boundaries, one would expect 

to find them dividing up the whole wetland in more or less equal portions.  The rock 

alignment typology described above reflects this high-low-high pattern to a degree.  All 

the Type 7 alignments follow this pattern, as do the Type 5 alignments.  However, in an 

effort to better quantify this pattern, the following analysis was conducted:  

 

 For each alignment, a sequence of numbers was created that corresponds to the 

elevation ranks that the alignment crosses.  For example, the sequence 1-3-1 means an 

alignment starts in Rank 1, crosses Rank 3, then ends in Rank 1.  This generated 79 

unique sequences, and these in turn were grouped in to 4 simple profile types (Figure 

5.12):   

Rock Alignment Profile Type 1:  high-low-high  

Rock Alignment Profile Type 2:  low-high-low,  

Rock Alignment Profile Type 3:  high-low (same as low-high) 

Rock Alignment Profile Type 4:  flat.   
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 Two-hundred and four rock alignments (204, 47 percent) fell into the Profile Type 

1 group, 0 alignments fell into the Profile Type 2 group, 107 alignments (24 percent) fell 

into the Profile Type 3 group, and 127 alignments (29 percent) fell into the Profile Type 4 

group.  What can be surmised from this is that rock alignments never begin in lower 

terrain, cross higher terrain, and end in lower terrain.  On the other hand, rock alignments 

frequently begin at the edge of higher ground, cross lower terrain, and end again at higher 

ground.  The vegetation-elevation rank sequence analysis thus reveals the broad pattern 

of topographic location of alignments in wetlands, as well as of rock alignment profiles, 

and provides the basis and incentive for conducting more detailed topographic studies of 

wetlands. 

 The final part of the Hypothesis 1 analysis was to look at whether certain types of 

rock alignments were restricted to certain elevation ranges.  Table 5.8 shows the 

distribution of rock alignment types by vegetation-elevation rank.  There are no 

surprising patterns here.  Most rock alignment types can be found in multiple elevation 

ranks.  In other words, if a particular physiographic context is repeated in different 

elevation ranges, then rock alignments will usually be found there.   

 A good example of this is the Type 7 (magote-to-magote) alignment.  While Type 

7 alignments are overwhelmingly found in the Sedge community connecting bedrock 

hummocks supporting Muk and Tintal communities, they are also found in the Tintal 

Forest crossing low areas to connect raised bedrock outcrops within the Tintal 

community.  This pattern of rock alignments in particular physiographic contexts, being 
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replicated at multiple elevation ranges, may indicate rock alignments of similar function 

that were built during different time periods (with different wetland flood regimes).     

  

Summary 

 Hypothesis 1 is supported.  The analysis shows that rock alignments are 

concentrated in the Rank 4 elevation range7, and that within this range, they were built 

not randomly, but in very particular local-topographic contexts.  This suggests that many 

alignments were constructed during the same time period, associated with a particular 

flood regime, and functioning similarly when wetland activity was at its height.   

   

                                                 
7 It should be noted here that while there is a current correlation between certain modern wetland vegetation 
communities and ancient rock alignmentns, I do not intend to suggest that the same correlation would have 
existed in the past when rock alignments were built and used.  The distribution of wetland vegetation 
communities is a product of distance to the water table and annual flood duration.  Thus, as the position of 
the water table has migrated up and down over the past several thousand years, so have vegetation 
communities shifted uphill or downhill.  As discussed under Hypothesis 2, a lower water table in the Late 
Preclassic period means vegetation communities would have been shifted downhill from their current 
positions, so alignments found associated with the Sedge community today may have been associated with 
the Tintal community in the Late Preclassic.  The modern vegetation association with alignments is simply 
being used as a proxy measure of the topographic position of rock alignments relative to each other.  While 
the vegetation has changed through time, the topographic position of rock alignments has not.  
 



540 

Table 5.7.  The five Vegetation Elevation Ranks showing the distribution of rock 
alignments within them. 
 

Vegetation Elevation Rank 

(sorted high to low) Vegetation Communities # RAs % RAs  

Upland 
1 

Transitional 
0 0.00 

Tintal 
Tasistal 2 

Jicaral 

28 6.39 

Muk 
3 

Drygrass 
92 21.00 

Vine 
Sawgrass 
Sedge 
Cattail 
Buttonwood 

4 

Annona 

313 71.46 

Peat Bog 
5 

Herbaceous 
5 1.14 

        

TOTALS   438 100.00 
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Figure 5.12.  Rock alignment profile types.   
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Table 5.8.  Distribution of rock alignment types by vegetation-elevation rank. 
 

 
Vegetation 

Elevation Rank 1 2 3 4 5  

RA Type       Total 

1   1 5 16  22 

2    3 25  28 

3   16 23 3  42 

4    1 39 2 42 

5    6 44  50 

6   1 4 33 2 40 

7   5 34 118 1 158 

8   1 7 29  37 

9   4 1   5 

10    8 6  14 
        

TOTALS  28 92 313 5 438 
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Hypothesis 2  

The chronology and location of constructed engineering features within the wetlands is 

related to changing water table levels for the region (based on existing and concurrent 

paleoenvironmental reconstructions).   

 Expectations: Computer-based modeling of changing water table levels will define 

parameters for where and when mapped rock alignments and other engineering 

features were constructed, used, and abandoned. 

 

 The paleoenvironmental reconstruction8 from cenote T’isil (Wollwage 2007; 

Wollwage et al. 2012) suggests that at A.D. 300, the water table was approximately 1 m 

lower than it is today.  Solliero-Rebolledo et al. (2011), in their study of a soil 

toposequence at the El Edén wetland, identified polycyclic soil profiles (soils horizons 

formed under wetter conditions, superimposed on soils formed under drier conditions) at 

the upper margins of the Sedge community.  This suggests recent lateral expansion of the 

wetland, likely corresponding to the water table rise documented in the cenote T’isil core.  

Data from this dissertation, particularly from the Esperanza SP-2 core, suggests the water 

table at A.D. 1 was ca. .70 m below modern levels.  Combining Wollwage’s (2007) data 

with that presented here, we can conclude that the water table in the Yalahau region was 

approximately .85 m lower during the Late Preclassic period (ca. 2000 years ago) when 

populations in the Yalahau region were rapidly expanding.    
                                                 
8 As discussed in Chapter 1, many important studies on sea level change, water table change, and climate 
change have been conducted across the Maya Lowlands and in the Gulf of Mexico and Caribbean Sea.  
However, for the paleoenvironmental reconstruction discussed here, I am only incorporating data collected 
in the Yalahau region since it provides the most local and thus the most accurate record for the 
interpretation of environmental change in the Yalahau wetlands.   
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 A .85-m lower water table means the Yalahau wetlands rarely would have 

flooded.  This can be visualized in the schematic of the Media Luna elevation transect.  

As can be seen, in the modern-day rainy season, several alignments (RA-19, RA-20, RA-

21, and RA-12) are completely submerged, while others (RA-33, RA-25) are at or just 

above the water level (Figure 5.13).  If the hydroperiod is shifted down in elevation by 

.85 m, it can be seen that the water table, even in the rainy season, would not rise enough 

to flood the wetland (Figure 5.14).   

 The A.D. 1 rainy season would be very similar to the dry season today - soil may 

be moist, but most parts of the wetland are easily traversable, and water is restricted to 

the lagoons (Figure 5.15).  Thus, as in the dry season today, rock alignments at A.D. 1 

were built uphill from the parts of the wetland that would flood in the rainy season 

(lagoons and perhaps the lowest parts of Peat Bog communities).  It seems that in such a 

case, rock alignments may interact with rainwater (surface flow, sheetwash), but never 

with groundwater.  The pattern in the distribution of alignments is therefore correlated 

with surface drainage from rainfall, and perhaps with planting areas, but not with the 

hydroperiod per se since the wetland does not flood.  Looking at the Google Earth image 

of Media Luna, flooding can be seen in the peat bog and the lagoons, but the alignments 

are in higher ground, with ca. 50 to 100 m of dry terrain between them and the water, and 

this is where the Maya could have been farming (Figure 5.16).   

  There is one final important implication for a lower water table.  A lower water 

table should correspond to a wetland soilscape with less soil on it.  What would the 

wetland landscape have looked like with .85 m less soil?   Soil would be more isolated in 
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depressions, and areas of bedrock between these depressions would be expanded.  

Vegetation communities such as Tintal would be shifted downhill from where they are 

today, and the savanna (unforested parts of the wetland) would be narrower.  In fact, it is 

possible that 2000 years ago, many of the rock alignments would not have been found in 

the open wetland, but rather in forested parts of the wetland covered with Tintal or 

Transitional Forest communities.   

  

Summary 

 Hypothesis 2 is supported.  If we assume all alignments were built in the Late 

Preclassic period, then they would have been interacting with a hydroperiod in which the 

wetland rarely would have flooded.  The majority of alignments (Rank 4), were built 

approximately 50-100 m uphill from areas of the wetland that might flood (e.g., lagoons 

and peat bogs).  Other alignments in the Rank 3 and Rank 2 ranges would be even further 

from any potential floodwater.  All alignments would have affected rainwater flowing 

into the wetland though.  As the water tables rose throughout the Classic period, the Rank 

4 alignments became submerged.   If alignments in the Rank 3 and Rank 2 elevation 

ranges were not built at the same time as those in Rank 4, they could be viewed as a 

response to the Rank 4 alignments becoming submerged.  In this case, the Rank 3 and 

Rank 2 alignments were replicating the Rank 2 alignment system, just uphill from the old 

alignments as the flood plain expanded.  It is at this point perhaps, that people began 

abandoning the Yalahau region.  While a better chronological assignment of rock 

alignments is needed, I believe this hypothesis is supported.   
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Figure 5.13.  Schematic topographic transect at Media Luna showing the modern dry 
season and wet season flood regime.   
 
 

 
 
Figure 5.14.  Schematic topographic transect at Media Luna showing the Late Preclassic 
dry season and wet season flood regime (hydroperiod shifted down by .85 m).   
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Figure 5.15.  Media Luna in the modern dry season 
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Figure 5.16.  Google Earth oblique image of Media Luna showing the location of rock 
alignments with respect to flooding in the lagoons at the left and peat bogs (pale yellow 
areas) in the center (Map Data: Google, INEGI, DigitalGlobe). 
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Hypothesis 3  

There is a spatial correlation between the location of ancient settlements and the wetlands 

that were selected for development with engineering features.   

 Expectations: Wetlands, or portions of wetlands, developed with engineering 

features will have settlements located within a reasonable economic distance of the 

wetland (e.g., within a one hour walk or 5 km).  There may also be a correlation 

between the size of settlements and the number or extent of engineering features in 

nearby wetlands.  

 

 As mentioned in Chapter 1, 93 ancient Maya sites have been documented in the 

Yalahau region9.  This number does not include the 11 ceramic scatters recorded by 

Glover (2006) or the five sites identified during this dissertation research (due to lack of 

volumetric data).  As part of his study of socio-political organization in the Yalahau 

region, Glover (2006:670) ranked these 93 sites in terms of their size, based on the 

volume of the five largest structures at the site.  Rank 4 sites (smallest) have less than 

28,000 m3 of fill, and no pyramid structure.  They include dispersed residential structures 

and ancillary mounds.  Rank 3 sites have less than 28,000 m3 of fill, but include a 

pyramid structure.  Rank 2 sites have a volume between 28,000 and 74,312 m3.  Rank 1 

(largest) sites have more than 74,312 m3 of fill and/or include corbelled vaults, sacbes, 

                                                 
9 Glover’s study (2006), and other recording of sites in the region, does not constitute a full-coverage 
survey of the Yalahau region, and many more sites undoubtedly remain unrecorded.  Thus for this 
hypothesis I can only do measurements between wetlands and known sites.   
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and megalithic architecture (as in the case of Naranjal).  This site ranking scheme will be 

used to evaluate this hypothesis.   

 To test the first part of this hypothesis, I measured the distance between each of 

the 25 wetlands surveyed, and the closest known site (including new sites).  The majority 

(21) of wetlands surveyed have a site located within 5 km (Table 5.9).  Four wetlands – 

San Jacinto, Esperanza, Chaca Marin, and Punta Mosquito – have their closest site 

located greater than 5 km away.  Interestingly, the presence of rock alignments at a 

wetland does not seem to predict site proximity.  In other words, regardless of the 

presence of rock alignments, most wetlands tend to have a site within 5 km.   

 To test the second part of the hypothesis regarding the correlation between 

settlement size and the number of rock alignments at its associated wetland, I first created 

a list of all wetlands showing the number of rock alignments recorded (Table 5.10).  

Next, I measured the distance between each wetland and the closest site within each rank 

(Table 5.11).  With one exception (Jona), the closest site was always Rank 3 or Rank 4.  

The three sites with the greatest number of alignments are Corchal, Media Luna, and 

Pichol.  Corchal with 88 alignments has a Rank 3 site (Sabana China) 1 km away, Media 

Luna with 62 alignments has a Rank 4 site (T/G-1) 100 m away, and Pichol with 54 

alignments has a Rank 4 site (Site 55) 2 km away.   

 The wetlands with sites located at the closest proximity have varying degrees of 

development.  Sakakal (with the Sakakal site located 50 m away) has no rock alignments, 

Media Luna (with the T/G-1 site located 100 m away) has 62 alignments, and Xpalma 

(with the Xpalma site located 200 m away) has 15 alignments.   
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 In his settlement survey, Glover (2006:683) noticed a loose pattern of the largest 

sites being located farthest from wetlands, although this pattern is more applicable to the 

eastern part of the Yalahau region where topography is lower and wetland flood extents 

are broader (Figure 5.17).  Morrison (2006:51) considered this as well, suggesting larger 

sites are located further from wetlands to exploit some other resource, or perhaps to be in 

a more central location for purposes of trade and communication.  Morrison (2006) 

proposed the communities closest to wetlands (which tend to be the smallest sites) were 

resource-specialized, perhaps generating a surplus of wetland products for trade or export 

to larger sites further from the wetlands.  This being said, the Rank 1 site of Naranjal is 

located on the banks of a more steep-sided wetland in the southern part of the Yalahau 

region.  Other larger sites in the western part of the Yalahau region, such as San Ramon 

(Rank 2), are found quite close to a wetland.   

 

Summary 

 Hypothesis 3 is partially supported.  Wetlands developed with engineering 

features tend to have a site located within 5 km, but so do wetlands that have not been 

developed with engineering features.  This suggests that the ancient Maya of the Yalahau 

region chose to live near wetlands regardless of a desire to develop the wetland with 

engineering features.  An alternative explanation is that wetlands lacking engineering 

features, but with a nearby site, simply did not require engineering features such as rock 

alignments in order to be productive.  There is a correlation between settlement size and 

number of engineering features in a nearby wetland, but it is not what was expected.  The 
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most developed wetlands have smaller sites (Rank 3 and Rank 4) located in closest 

proximity to them.   In fact, virtually all wetlands surveyed for this dissertation, 

regardless of their degree of development, have a Rank 3 or Rank 4 site as the closest 

settlement.  This corroborates the general regional trend identified by Glover (2006) and 

Morrison (2006).    
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Table 5.9.  List of the 25 surveyed wetlands showing distance (sorted near to far) to 
nearest site.    
 

Wetland Distance (km) to Nearest Site RAs present? 

   
Sakakal 0.05 no 
Media Luna 0.5 yes 
Xpalma 0.5 yes 
San Pastor 1 yes 
Esperanza Chico 1 yes 
Zanja 1 yes 
Dos Leones 1 yes 
Corchal 1 yes 
Tintal 1 no 
T’isil 1.5 yes 
Pichol 1.8 yes 
Jona 2.2 yes 
Mil Novecientos 2.2 yes 
San Aurelio 2.5 yes 
Tulum 2.5 no 
Chantomate 3 yes 
Providencia 3 yes 
El Edén a 3 yes 
Chenhierro 3.3 no 
Rio Turbia 3.7 yes 
Miraflor 4.5 no 
Bekechakal 4.6 yes 
San Jacinto 5.5 no 
Esperanza   7.3 yes 
Chaca Marin 7.5 yes 
Punta Mosquito 10.7 yes 

 
a Not part of the survey; included for comparison. 
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Table 5.10.  Number of rock alignments found at each wetland. 
 

Wetland 

# of 

RAs 

Sum Length of 

RAs(m) Survey Area (km
2
) 

    
Corchal 86 2760 0.87 
El Edén a 78 6661 3.8 
Media Luna 62 1243 0.86 
Pichol 54 773 0.46 
Chaca Marin 34 799 0.12 
T’isil 32 703 0.66 
San Aurelio 30 545 0.32 
Jona 29 537 0.43 
Mil 
Novecientos 28 1243 0.47 

Bekechakal 15 189 0.59 
Xpalma 15 282 0.32 
Chantomate 13 195 0.35 
Esperanza 
Chico 13 198 0.09 
Dos Leones 10 715 0.3 
San Pastor 6 479 0.41 
Punta Mosquito 6 63 0.07 
Esperanza   3 61 0.32 
Zanja 1 131 2 
Providencia 1 30 0.2 
Rio Turbia * 1348 0.14 
Miraflor 0  0.21 
Tulum 0  0.12 
Sakakal 0  0.5 
Tintal 0  0.1 
Chenhierro 0  0.25 
San Jacinto 0  0.16 

 
a Not part of the survey; included for comparison. 
* Rio Turbia alignments cannot be tallied as individual features.   
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Table 5.11.  List of surveyed wetlands showing distance to nearest archaeological site of 
each rank.  The closest site, regardless of rank, is in bold.  New sites have not been 
ranked due to lack of volumetric data, but will likely fall into the Rank 4 or Rank 3 
categories.   
 

Wetland 

Closest  

Rank 1 

Closest  

Rank 2 

Closest  

Rank 3 

Closest 

Rank 4 New Sites 

      

San Pastor 
Kantunilkin 
(34km) Conil (10km) 

San Angel B 

(4km) 

Zanja Pech 
(6km) 

Tio Feliz 
(1km) 

Chantomate 
Kantunilkin 
(18km) 

San Ramon 
(5.7km) 

Sabana China 
(5.4km) 

T/G-1 

(3km)  
Esperanza 
Chico 

Kantunilkin 
(33km) 

San Ramon 
(15km) 

San Angel B 

(5km) 

Makabil 
(11km) 

Esperanza 
Chico (1km) 

Media Luna 
Kantunilkin 
(15km) 

San Ramon 
(8km) 

Sabana China 
(8.5km) 

T/G-1 

(100m)  

Jona 
Kantunilkin 
(23km) 

San Ramon 

(2.2km) 

Monte Bravo 
(2.5km) 

T/G-1 
(7.2km)  

Zanja 
Kantunilkin 
(22km) 

San Ramon 
(8.5km) 

Pedregal 

(1km) 

T/G-1 
(10km)  

Dos Leones 
Kantunilkin 
(27km) 

San Ramon 
(10km) 

San Angel A 

(1km) 

Zanja Pech 
(13km)  

T’isil 
Kantunilkin 
(29km) 

Kimin Yuk 
(20km) 

T’isil 
(3.2km) 

San Mateo 

(1.5)  
Mil 
Novecientos 

Kantunilkin 
(26km) 

Kimin Yuk 
(23km) 

T’isil 
(3.5km) 

Site 9 

(2.2km)  

San Aurelio 
Kantunilkin 
(27km) 

Victoria 
(26.5km) 

Santa Maria 
(7km) 

Site 10 

(2.5km)  
Punta 
Mosquito 

Kantunilkin 
(12.5km) 

Tres Lagunas 
(19km) 

Site 21 

(10.7km) 

Site 16 
(11km)  

Esperanza   
Kantunilkin 
(15km) 

Tres Lagunas 
(9km) 

Site 21 

(7.3km) 

Site 16 
(8.5km)  

Chaca Marin 
Kantunilkin 
(29km) 

San Ramon 
(14km) 

Solferino 

(7.5km) 

T/G-1 
(16km)  

Pichol 
Kantunilkin 
(10km) 

San Ramon 
(16km) 

Pedregal 
(12km) 

Site 55 

(1.8km)  

Bekechakal 
Kantunilkin 
(9.5km) 

San Ramon 
(18km) 

Pedregal 
(13km) 

Site 55 

(4.6km)  

Xpalma 
Kantunilkin 
(14.5km) 

San Ramon 
(18.5km) 

Pedregal 
(12km) 

Site 55 

(8km) 

Xpalma   
(200 m) 

Providencia 
Kantunilkin 
(23km) 

San Ramon 
(22km) T’isil (10km) 

San Mateo 

(8.3km) 

La Mensura 
(3km) 

Corchal 
Kantunilkin 
(22km) 

San Ramon 
(4km) 

Sabana 

China (1km) 

T/G-1 
(8.5km)  

Rio Turbia 
Kantunilkin 
(42km) 

Conil 
(10.6km) 

Vista Alegre 

(3.7km) 

Zanja Pech 
(7.5km)  
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Wetland 

Closest  

Rank 1 

Closest  

Rank 2 

Closest  

Rank 3 

Closest 

Rank 4 New Sites 

El Edén a 
Kantunilkin 
(31km) 

San Ramon 
(20km) 

Cenote Azul 
(4km) 

Makabil 

(3km)  

Miraflor 
Kantunilkin 
(33km) 

San Ramon 
(19.5km) 

Site 18 

(4.5km) 

Site 23 
(5.5km)  

Tulum 
Kantunilkin 
(8km) 

Nohcachi 
(17km) 

Pedregal 
(14km) 

Site 55 

(3km) 

Sakakal 
(2.5km) 

Sakakal 
Kantunilkin 
(8.3km) 

San Ramon 
(13km) 

Pedregal 
(12km) 

Site 55 

(3.8km) 

Sakakal (50 
m) 

Tintal 
Naranjal 
(9km) 

Tres Lagunas 
(6km) 

Arizona 
(1.6km) 

El Tintal 

(1km)  

Chenhierro 
Kantunilkin 
(8km) 

Tres Lagunas 
(14km) 

Site 17 
(10km) 

Site 56 

(3.7) 

Xpalma 
(3.3km) 

San Jacinto 
Kantunilkin 
(20km) 

San Ramon 
(7.7km) 

Solferino 
(6.6km) 

T/G-1 

(5.5km)  
 
a Not part of the survey; included for comparison. 
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Figure 5.17.  Map of the Yalahau region showing the spatial relationship of wetlands 
surveyed (labeled) to sites of different ranks.   
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Characteristics of wetlands without rock alignments 

 There are six wetlands at which rock alignments were not found: Miraflor, 

Chenhierro, San Jacinto, Tintal, Tulum, and Sakakal.  Some of the characteristics of these 

wetlands include deep soils (in excess of 2 m), a narrow savanna or flood zone, steep 

banks, and the absence of topographic features such as magotes, channels, and 

depressions.  Miraflor and Chenhierro were minimally surveyed (2 percent and 3 percent 

coverage, respectively), and additional reconnaissance at these wetlands will likely reveal 

rock alignments.  Miraflor in particular, due to its topographic and vegetative similarity 

to wetlands such as T’isil, Mil Novecientos, and El Edén, is highly likely to contain rock 

alignments.  San Jacinto is a narrow wetland (less than 200 m wide) with moderately 

steep sides, but soil is thin (ca. .20 – .40 m deep) in the Sedge and Sawgrass 

communities, and topography is varied.  Thus, despite the narrowness, one might expect 

to see alignments here.  Tintal is a narrow (200 m wide), steep-sided wetland with very 

deep soils (ca. 5 m) in the Sedge community, but very shallow soils (less than .20 m) in 

the western half of the wetland where Drygrass and Muk communities are found.  

Additionally, there are numerous patches of Tintal communities on low magotes that one 

might expect to be associated with alignments.  Tulum is a small, circular wetland with 

moderately steep sides.  Soil depth was not tested here, but the presence of a large Jicaral 

community (associated with 3 m deep soils at Sakakal) suggests deep soil deposits.  

Additionally, topographic features such as magotes and channels were absent at Tulum.  

Sakakal, at least in the southern survey area, is narrow (ca. 200 m wide) and steep sided.  

Soil deposits are deep (ca. 3 m in the Jicaral forest, greater than 1.3 m in the Peat Bog and 
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Herbaceous communities), and magotes, channels, and bedrock depressions are absent.  

The northern end of the wetland is wider ( ca. 400 m) with moderately steep sides (i.e. a 

broader Muk and Tasistal zone).  Soil is shallower, about .30 m in the Vine community 

and .50 m in the Sedge-Eleocharis community.  Magotes and channels were absent in the 

survey area, but additional reconnaissance in the Muk and Tasistal communities may 

locate rock alignments.   

 

Type 11 Rock Alignments at Rio Turbia 

 As mentioned above, the Rio Turbia rock alignments need to be addressed 

separately since they represent a configuration distinct from that of all other alignments 

recorded during this dissertation.  The Rio Turbia alignments create enclosures very 

similar to those found demarcating residential compounds and agricultural plots in upland 

areas at many sites in the northern Maya Lowlands (e.g., Batun Alpuche 2009; Fedick et 

al. 2000; Kepecs and Boucher 1996; Morrison 2000; Terrones Gonzalez and Leira 

Guillermo 2009).  Such enclosures are referred to as albarradas or dry-laid stone 

property walls.  Only 2 enclosures were mapped, but several other walls came off of the 

triangular Enclosure 2 and should connect to one another.  Due to its proximity to Vista 

Alegre (ca. 3 km), the Rio Turbia wall system may represent demarcated farm fields 

associated with that site.  The walls seem to enclose areas of higher ground with Upland 

or Transitional Forest communities, but these higher areas are surrounded by mangrove 

forest.  Thus, the Rio Turbia alignments are in a very different environmental context (a 

brackish-water wetland) than the other alignments recorded for this dissertation.  It is 
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curious that the ancient Maya would have placed a field demarcation system in an area 

subject to flooding with salt water.  Perhaps these property alignments were built at a 

time when sea and ground water levels were lower, and salt water intrusion would not 

have been a problem.  Soil samples currently undergoing analysis from this wetland will 

provide insight into such environmental changes.    

 One alignment at Rio Turbia was interesting in that the stones were laid flat and 

wide, rather than being piled up, and resembled a path (Figure 5.18).  Although much 

smaller, it is similar to the andadores (stone walkways) recorded at Vista Alegre, 

Chunchucmil, and along the north coast of the Yucatán Peninsula.  At Vista Alegre, a 

1.4-km long andador was built to cross the tidal marsh south of the island to provide 

access to higher ground and a small site called Templo Perdido (Figure 5.19; Glover et al. 

2011:200).  Numerous andadores are known along the north-central coast of the Yucatán 

Peninsula where they cross the cienega, connecting the mainland at the south to barrier 

beaches at the north (Figure 5.20; Anthony P. Andrews and Miguel Covarrubias, personal 

communication 2013).  In the seasonal wetlands west of Chunchucmil (in the 

northwestern corner of the Yucatán Peninsula), Hixon (2011) recorded an extensive 

network of andadores crossing seasonally flooded terrain to connect areas of higher 

ground (Figure 5.21).  Hixon (2011:263) suggests the primary function of the andadores 

was to “provide steady dry footing between regional resources and settlements during the 

rainy season.”  He also states that the andadores were part of a travel and communication 

network facilitating movement of goods and people between the urban center of 

Chunchucmil and the coastal port of Canbalam.   
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 Although many rock alignments found in the freshwater wetlands of the Yalahau 

region connect areas of higher ground, most are only one course wide, or incorporate 

upended slabs, and thus would be poorly suited for foot traffic.  However, the Rio Turbia 

alignment, and some Type 7 rock alignments (e.g., Pichol RA-5) that are wider and 

flatter, do resemble the andadores at Chunchucmil and may have served as footpaths to 

cross muddy terrain in the wetland (Figure 5.22).  
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Figure 5.18.  Possible andador at Rio Turbia.   
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Figure 5.19.  Andador at Vista Alegre.   
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Figure 5.20.  Andador underwater in the cienega at the site of San Crisanto II/Peten Xnuc 
near the modern town of San Crisanto, Yucatán, Mexico (photo by Miguel Covarrubias). 
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Figure 5.21.  Andador in the seasonal wetlands west of Chunchucmil (photo by David 
Hixon). 
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Figure 5.22.  Pichol RA-5, possible andador.   
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Concluding Remarks 

 The Yalahau Regional Wetland Survey set out to identify regional-scale patterns 

in the distribution of rock alignments.  Where do rock alignments occur and where are 

they absent?  Twenty-five out of a total of 175 wetlands in the Yalahau region were 

included in the survey.  Four-hundred thirty-eight (438) alignments were recorded in 19 

wetlands.  The wetlands in which rock alignments were found are distributed fairly 

evenly across the Yalahau region.  In other words, wetlands with rock alignments are not 

restricted to a particular part of the Yalahau region or clustered around a particular 

archaeological site.  Likewise, there is nothing particular about the regional location of 

wetlands where rock alignments were not found.  The absence of rock alignments in 

these six wetlands relates to the dearth of preferred physiographic contexts and 

topographic features such as magotes, channels, and soil-filled depressions surrounded by 

bedrock.  However, it also very likely reflects a lack of survey coverage.  The number of 

rock alignments found at wetlands ranged from one alignment at Providencia and Zanja 

to 88 alignments at Corchal.  The number of rock alignments at a wetland appears to be 

proportional to the number of preferred physiographic contexts.  These contexts are 

elaborated on in the rock alignment typology described at the beginning of the chapter.  

Of the 11 types described, Type 7 (magote-to-magote, 158 alignments) was the most 

common, followed by Type 5 (cross-channel, 50 alignments).  This pattern (or, the focus 

on particular physiographic contexts) is further supported by the rock alignment profile 

analysis (see Figure 5.12) showing that 204 (47 percent) alignments crossed lower terrain 

to connect areas of higher ground at their endpoints.   



568 

 In order to assess whether rock alignments occurred at particular elevation ranges 

in wetlands, the 15 vegetation communities were divided into five elevation ranks, Rank 

1 representing the highest elevations in the wetland, Rank 5 representing the lowest.  

Rock alignments were found in all elevation ranks except for Rank 1.  Additionally, rock 

alignment types were found in different elevation ranks, indicating that rock alignments 

occur in preferred physiographic contexts, such as the magote-to-magote context, 

regardless of elevation.  However, the vast majority of alignments were located in the 

Rank 3 and Rank 4 elevation ranges.  Hypothesis 1 stated that rock alignments would be 

restricted to a certain elevation range in the wetland in accordance with the hydroperiod 

of that elevation, and this statement was found to be largely supported.  Two-hundred and 

twenty-nine (52 percent) alignments were found in the Sedge community (Rank 4), 64 in 

the Muk community (Rank 3), and 54 in the Vine community (Rank 4).  While many 

alignments are associated with Rank 4 vegetation communities (e.g., Sawgrass, Sedge, 

Vine), they are almost never found out in the middle of these zones.  This likely has to do 

with deeper soils (in excess of 1 m) as well as the absence of preferred physiographic 

contexts out in the middle of expansive Rank 4 vegetation zones.  There are exceptions to 

this, primarily in the form of Type 1 alignments that cross expansive Sedge zones in the 

middle of the wetland to connect one side of the wetland to the other: Media Luna RA-29 

(141 m long), Zanja RA-1 (131 m long), San Pastor RA-3 (225 m), Dos Leones RA-8 

(165 m), etc.  But within these expansive, low-lying Sedge zones, the Type 1 alignments 

were built in areas of relatively shallow soil (as opposed to the areas of Sedge and Peat 

Bog communities containing meter-plus soil profiles).  In any case, it is clear that most 
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rock alignments occur at the edges of the Sedge zone, and that the large, central portions 

of Sedge and Peat Bog communities with deep soils are generally free of alignments 

(Figure 5.23).   

 If we follow the paleoenvironmental model discussed under Hypothesis 2, then 

the water table was .85 m lower during the Late Preclassic period (when the Yalahau 

region experienced its greatest growth), and wetlands would have been considerably drier 

than they are today.  Even during the rainy season, wetlands would rarely flood (except 

perhaps in the deepest parts).  If rock alignments also date to this time period, they likely 

served to trap soil and moisture on their uphill side during precipitation runoff events, 

and to serve as breakwaters to protect young plants on their downhill side from sheetwash 

during the same runoff events (Doolittle 1985; Fedick and Hovey 1995:97; Fedick et al. 

2000:144).  Agricultural or other resource extraction activities may have been 

concentrated immediately adjacent to rock alignments, but it is possible the whole 

wetland was being utilized without modification, and rock alignments were simply added 

as a protective measure.   

 The paleoenvironmental reconstruction further indicates that the water table rose 

over the course of the first millennium A.D. and reached modern levels by around A.D. 

1000 (Hodell et al. 2007:236; Wollwage et al. 2012:450-451).  However, within this 

millennial-scale rise, there may have been shorter-term fluctuations in the position of the 

water table.  For example, the water table could have risen .50 m over several hundred 

years, then fallen .20 m or stabilized for several decades before continuing to rise.  

Preliminary interpretation of soil data collected during this dissertation, and analysis of 
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soils from the El Edén wetland, indicate such a “dynamic hydrologic system in which 

water levels have migrated up and down through time” (Solliero-Rebolledo et al. 

2011:330; Figure 5.24).  Hypothesis 2 stated that the chronology and location of 

constructed engineering features within the wetlands is related to changing water table 

levels for the region.  This is supported by the fact that alignments were built at different 

elevation ranges, likely at different times in the past, to interact with different 

hydroperiods.  As mentioned above, 313 alignments were built in the Rank 4 elevation 

range, likely to function as check dams with a Late Preclassic hydroperiod that was .85 m 

below the modern one. As water level began rising and flooding the Rank 4 alignments, 

new alignments were built uphill, first in the Rank 3 range, then in the Rank 2 range, as 

farmers tried to adapt to a changing wetland flood regime.   

 It is easy to see how the main period of wetland activity occurred in the Late 

Preclassic period with the construction of alignments in the Rank 4 elevation range, and 

that alignments in the Rank 3 and Rank 2 ranges represent an evolution of the system as 

the water table rose through the Early Classic.  However, it is possible not all alignments 

date to this early period of wetland activity.  The Yalahau region was mostly abandoned 

from approximately AD 400 to AD 1200, after which settlers returned to the area.  A 

second episode of wetland use and rock alignment construction during the Postclassic 

period should therefore also be considered.   

 Further analysis of the different types of rock alignments and physiographic 

contexts, as well as investigation into their function, is necessary to confidently associate 

alignments with a Postclassic flood regime as opposed to a Preclassic one.  However, one 
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unique rock alignment form not fitting cleanly into the check dam model, and perhaps 

associated with a deeper-water hydrologic regime, is the S-shaped or zigzag-shaped 

alignment (Figure 5.25).  Fedick et al. (2000:138) initially identified zigzag-shaped 

alignments at the El Edén wetland and suggested (Fedick, personally communication 

2009) their possible function as fish traps.   

 Other unique rock alignment types and features include several Type 8 alignments 

that lead from higher ground to a cenote or micro-cenote.   These are interesting in that 

they are associated with a discreet water resource in the wetland.  RA-8 at Jona is the best 

example of this (Figure 5.26).  Jona RA-8 is also unique in the fact that it is constructed 

of slabs laid flat on the ground to form a path (see Figure 5.8).  As noted in the section on 

Rio Turbia above, one alignment at Rio Trubia, and some of the flatter and wider Type 7 

alignments, also may have served as foot paths.  Several alignments have what appear to 

be deliberate gaps and jogs in them.  Media Luna RA-29 has such a gap, but it is not 

located, as one might expect, at the shallow channel crossed by RA-29 (Figure 5.27).  

Also, I believe the Type 7 alignments, particularly those at Media Luna and Pichol, 

warrant further study.  The density of these alignments, connecting every piece of higher 

ground regardless of orientation to the edge of the wetland, suggests a function different 

than or in addition to that of a check dam.  When initially mapped, these alignments 

appeared to deliberately create, with the help of magotes, enclosed spaces by blocking all 

low areas between magotes (or by blocking all exits from several very shallow Sedge 

depressions; Figure 5.28 and Figure 5.29).  But I am unsure of this now.  It is possible the 

magote-to-magote alignments are all oriented perpendicular to slope, but given the nearly 
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level terrain in the savanna, it is impossible to tell without a high-resolution topographic 

map.    

 Understanding exactly how water levels changed through the Classic period and 

how high they may have become in the Postclassic period is essential for a thorough 

consideration of rock alignment distribution and function.  It is also important for 

understanding the broader role of wetlands in terms of changing resource potential and 

possible waterways.  One particularly interesting topic is the possible use of Sabana 

Zanja as a corridor for canoe traffic (Andrews 2002:145; Glover and Rissolo 2004) and 

the role this wetland played in trade between the interior of the Yalahau region and the 

north coast.   

 Moving forward, geoarchaeolgoical and paleoenvironmental investigations 

(studies of soil, pollen, phytoliths, etc. as well as additional radiocarbon dates) are the 

most important avenues for understanding the rock alignments because they will present 

a clearer picture of the environmental context.  Based on excavations of rock alignments 

at El Edén (Fedick et al. 2000), additional excavations of rock alignments are unlikely to 

yield datable artifacts or agricultural implements.  But for the few alignments built on 

deeper soil, an examination of the adjacent soil stratigraphy may allow us to identify and 

date the soil surface on which the alignment was built, as well as date the sediments that 

began to bury the alignment.  This would at least provide dates to bracket the 

construction and use of the alignment.  Also, more detailed topographic work, such as 

that carried out by Chmilar (2013), showing how rock alignments impacted the 

movement of soil and water, is essential to understanding the function of different rock 
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alignments.  The goal of this dissertation was not to determine function, but rather to 

examine regional patterns in the occurrence of rock alignments – where they are, where 

they are not, and why.  Ultimately, however, the goal is to know the function, and the 

patterns presented here will help move towards this goal.  The primary contribution of 

this dissertation is to demonstrate that wetland manipulation (in the form of rock 

alignments) was widespread in the Yalahau region, and not just an isolated occurrence at 

the El Edén wetland.  The as-yet unexplored Yalahau wetlands, if they have the preferred 

physiographic contexts described above, are highly likely to have rock alignments as 

well.  As projected by Hypothesis 3, developed wetlands tend to have sites located within 

5 km, and in some cases, right on the banks of the wetland.  Interestingly, these sites tend 

to be smaller settlements, and future research should consider the possibility that these 

were communities of wetland agricultural specialists.  In sum, these data indicate wetland 

activities were important to the lives of the Maya people living here in the past, and that 

manipulation of wetlands in Yalahau region is approaching the extent (if not intensity) of 

manipulation known for the wetlands in northern Belize.   Finally, as collaborative 

studies continue between soil scientists and archaeologists in the Yalahau region, we will 

gain a clearer picture of how environmental change in the wetlands relates to different 

opportunities for wetland food production, and how both articulate with the cycles of 

settlement and abandonment by the ancient Maya of the Yalahau region (Solleiro-

Rebolledo et al. 2011:330).   
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Figure 5.23.  Jona wetland vegetation map showing distribution of rock alignments 
around the perimeter of, but not within, the extensive Sedge-Scirpus zone in the center of 
the wetland. 
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Figure 5.24.  Zanja Core SP-1 showing horizon designations.  Tape measure is extended 
1 m.  Alternating bands of dark brown A horizons and light gray Bk horizons reflect drier 
periods (wetlands rarely flood in the wet season) and wetter periods (wetlands regularly 
flood in the wet season). 
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Figure 5.25.  S-shaped alignment (RA-3) at San Pastor.   
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Figure 5.26.  Type 8 alignments (Jona RA-9 and RA-8) leading into a cenote.  
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Figure 5.27.  Apparently deliberate break in Media Luna RA-29.  Note how just beyond 
the break, the alignment jogs to the right as it crosses a shallow channel.   
 
 

 
 
Figure 5.28.  Pichol Type 7 alignments blocking all exits (by connecting magotes) of 
Sedge area at the center of the photograph.  RA-20 in the foreground, RA-32 at the upper 
left, and a guide clearing RA-36 at the right.   
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Figure 5.29.  Google Earth image of Media Luna, showing rock alignments creating 
enclosed areas (likely unintentional; yellow stars mark enclosures; Map Data: Google, 
INEGI, GeoEye). 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
        
San Pastor 1 193 40 80 30 40 boulders and slabs 
San Pastor 2 32 20 40 10 20 boulders and slabs 
San Pastor 3 225 30 40 10 30 boulders 
San Pastor 4 3 30 30 10 10 boulders 
San Pastor 5 19 30 40 20 30 boulders and slabs 
San Pastor 6 5 30 40 20 30 boulders and slabs 
Chantomate 1 16 30 40 20 30 boulders 
Chantomate 2 14 20 30 10 10 boulders and slabs 
Chantomate 3 11 30 30 15 15 boulders 
Chantomate 4 8 20 20 20 20 boulders 
Chantomate 5 29 40 50 20 20 boulders 
Chantomate 6 21 30 50 20 20 boulders 
Chantomate 7 22 30 30 15 15 boulders 
Chantomate 9 5 30 40 10 10 boulders and slabs 
Chantomate 10 9 50 70 20 30 boulders 
Chantomate 11 12 40 40 20 30 boulders and slabs 
Chantomate 12 8 50 70 20 30 boulders 
Chantomate 13 21 40 50 20 30 boulders 
Chantomate 14 14 50 60 20 40 boulders and slabs 
Esperanza Chico 1 21 30 30 15 15 boulders and slabs 
Esperanza Chico 2 8 40 50 30 30 boulders 
Esperanza Chico 3 14 20 30 20 20 boulders 
Esperanza Chico 4 82 40 50 30 30 boulders and slabs 
Esperanza Chico 5 4 30 30 20 20 boulders 
Esperanza Chico 6 3 30 30 40 40 boulders 
Esperanza Chico 7 7 10 30 10 30 boulders and slabs 
Esperanza Chico 8 17 30 30 40 40 boulders 
Esperanza Chico 9 7 40 40 40 40 boulders 
Esperanza Chico 10 7 50 50 40 40 boulders 
Esperanza Chico 11 4 30 30 30 30 boulders 
Esperanza Chico 12 9 40 40 40 40 slabs 
Esperanza Chico 13 9 10 30 30 40 boulders 
Media Luna 1 34 10 20 10 10 boulders 
Media Luna 2 19 40 100 20 50 boulders 
Media Luna 5 20 20 40 10 30 boulders 
Media Luna 6 10 10 30 10 20 boulders 
Media Luna 7 11 30 80 20 50 boulders 
Media Luna 8 30 20 50 20 30 boulders 
Media Luna 9 20 10 30 10 10 boulders 
Media Luna 10 13 50 50 50 50 boulders and slabs 
Media Luna 11 10 40 40 35 35 boulders 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
        
San Pastor 1 30 120 2 4 2 3 
San Pastor 2 20 50 1 1 1 1 
San Pastor 3 10 70 1 2 1 1 
San Pastor 4 10 30 1 1 1 1 
San Pastor 5 20 40 1 2 1 1 
San Pastor 6 20 40 1 2 1 1 
Chantomate 1 20 30 1 2 1 1 
Chantomate 2 10 40 1 2 1 1 
Chantomate 3 10 20 1 2 1 1 
Chantomate 4 30 40 1 1 1 1 
Chantomate 5 10 30 2 3 1 1 
Chantomate 6 20 30 1 2 1 1 
Chantomate 7 10 20 1 1 1 1 
Chantomate 9 10 30 2 2 1 1 
Chantomate 10 30 40 3 4 1 2 
Chantomate 11 30 40 2 2 1 1 
Chantomate 12 30 40 3 4 1 1 
Chantomate 13 30 40 2 2 1 1 
Chantomate 14 30 50 2 3 1 1 
Esperanza Chico 1 15 40 1 2 1 1 
Esperanza Chico 2 10 30 2 2 1 1 
Esperanza Chico 3 10 30 1 1 1 1 
Esperanza Chico 4 20 60 2 3 1 2 
Esperanza Chico 5 20 30 1 1 1 1 
Esperanza Chico 6 10 40 1 1 1 1 
Esperanza Chico 7 15 30 1 1 1 1 
Esperanza Chico 8 30 50 1 1 1 2 
Esperanza Chico 9 20 40 1 2 1 2 
Esperanza Chico 10 30 50 1 1 1 1 
Esperanza Chico 11 30 30 1 1 1 1 
Esperanza Chico 12 30 50 1 2 1 1 
Esperanza Chico 13 10 30 1 1 1 1 
Media Luna 1 10 50 1 1 1 1 
Media Luna 2 20 60 1 4 1 3 
Media Luna 5 10 30 1 2 1 1 
Media Luna 6 10 20 1 2 1 1 
Media Luna 7 30 60 2 5 1 3 
Media Luna 8 20 30 1 4 1 1 
Media Luna 9 10 20 1 3 1 1 
Media Luna 10 45 45 1 2 1 2 
Media Luna 11 20 40 1 2 1 2 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
     
San Pastor 1 some 10 10 
San Pastor 2 some 30 30 
San Pastor 3 some 5 5 
San Pastor 4 no 10 10 
San Pastor 5 1 or 2 0 0 
San Pastor 6 1 or 2 0 5 
Chantomate 1 some 3 3 
Chantomate 2 one is 5 5 
Chantomate 3 no 5 5 
Chantomate 4 1 or 2 5 5 
Chantomate 5 no 0 0 
Chantomate 6 no 10 10 
Chantomate 7 several 30 30 
Chantomate 9 no 15 15 
Chantomate 10 no 0 0 
Chantomate 11 one is 0 0 
Chantomate 12 no 0 0 
Chantomate 13 a few 10 10 
Chantomate 14 a few 5 5 
Esperanza Chico 1 no 6 6 
Esperanza Chico 2 no 0 7 
Esperanza Chico 3 no 7 7 
Esperanza Chico 4 some 12 12 
Esperanza Chico 5 no 5 5 
Esperanza Chico 6 no 8 8 
Esperanza Chico 7 no 8 8 
Esperanza Chico 8 some 8 8 
Esperanza Chico 9 no 7 7 
Esperanza Chico 10 no 20 20 
Esperanza Chico 11 no 0 2 
Esperanza Chico 12 some 0 0 
Esperanza Chico 13 some 35 35 
Media Luna 1 no 10 40 
Media Luna 2 no 0 0 
Media Luna 5 no 0 0 
Media Luna 6 no 5 5 
Media Luna 7 no 0 0 
Media Luna 8 no 1 2 
Media Luna 9 no 0 0 
Media Luna 10 some 0 0 
Media Luna 11 some 15 15 
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
      
San Pastor 1 10 10 10 10 
San Pastor 2 30 30 30 30 
San Pastor 3 5 5 5 5 
San Pastor 4 10 10 10 10 
San Pastor 5 5 10 5 10 
San Pastor 6 5 5 5 5 
Chantomate 1 30 30 20 30 
Chantomate 2 20 30 10 10 
Chantomate 3 30 30 10 10 
Chantomate 4 10 10 10 10 
Chantomate 5 40 70 40 70 
Chantomate 6 30 125 10 10 
Chantomate 7 30 30 30 30 
Chantomate 9 40 70 40 70 
Chantomate 10 5 5 5 5 
Chantomate 11 10 20 0 0 
Chantomate 12 5 5 5 5 
Chantomate 13 10 10 50 50 
Chantomate 14 10 10 10 10 
Esperanza Chico 1 8 8 40 40 
Esperanza Chico 2 3 5 3 5 
Esperanza Chico 3 11 11 5 5 
Esperanza Chico 4 20 20 15 15 
Esperanza Chico 5 18 18 9 9 
Esperanza Chico 6 11 11 8 8 
Esperanza Chico 7 8 8 15 15 
Esperanza Chico 8 15 15 8 8 
Esperanza Chico 9 18 18 0 0 
Esperanza Chico 10 2 2 15 15 
Esperanza Chico 11 10 15 15 15 
Esperanza Chico 12 15 15 15 15 
Esperanza Chico 13 10 10 15 15 
Media Luna 1 65 65 70 70 
Media Luna 2 30 30 0 0 
Media Luna 5 0 0 40 40 
Media Luna 6 40 40 15 15 
Media Luna 7 10 10 15 15 
Media Luna 8 10 10 10 10 
Media Luna 9 0 5 0 5 
Media Luna 10 10 10 0 0 
Media Luna 11 10 10 0 0 
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Wetland RA # Vegetation Association RA Type 
    
San Pastor 1 DRYGRASS 1-long 
San Pastor 2 SEDGE - ELEOCHARIS 4-perp to slope in open wetland 
San Pastor 3 DRYGRASS 1-long 
San Pastor 4 TINTAL 7-magote to magote 
San Pastor 5 DRYGRASS 8-extends from magote 
San Pastor 6 TINTAL 7-magote to magote 
Chantomate 1 VINE 7-magote to magote 
Chantomate 2 MUK 9-atop magote 
Chantomate 3 DRYGRASS 7-magote to magote 
Chantomate 4 VINE 8-extends from magote 
Chantomate 5 VINE 7-magote to magote 
Chantomate 6 VINE 7-magote to magote 
Chantomate 7 VINE 7-magote to magote 
Chantomate 9 VINE 8-extends from magote 
Chantomate 10 MUK 7-magote to magote 
Chantomate 11 MUK 7-magote to magote 
Chantomate 12 MUK 7-magote to magote 
Chantomate 13 VINE 7-magote to magote 
Chantomate 14 DRYGRASS 7-magote to magote 
Esperanza Chico 1 SEDGE 2-blocks low margin of depression 
Esperanza Chico 2 SEDGE 7-magote to magote 
Esperanza Chico 3 SEDGE 8-extends from magote 
Esperanza Chico 4 TASISTAL 3-perp to slope in higher areas 
Esperanza Chico 5 TINTAL 6-blocks inlet 
Esperanza Chico 6 SEDGE 10-on bank at wetland edge 
Esperanza Chico 7 SAWGRASS 2-blocks low margin of depression 
Esperanza Chico 8 SAWGRASS 2-blocks low margin of depression 
Esperanza Chico 9 TASISTAL 8-extends from magote 
Esperanza Chico 10 SAWGRASS 2-blocks low margin of depression 
Esperanza Chico 11 SAWGRASS 8-extends from magote 
Esperanza Chico 12 SAWGRASS 2-blocks low margin of depression 
Esperanza Chico 13 SAWGRASS 4-perp to slope low 
Media Luna 1 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 2 TINTAL 9-atop magotes 
Media Luna 5 TINTAL 9-atop magotes 
Media Luna 6 DRYGRASS 3-perp to slope in higher areas 
Media Luna 7 SEDGE-SCIRPUS 2-blocks low margin of depression 
Media Luna 8 SEDGE-SCIRPUS 6-blocks inlet 
Media Luna 9 SEDGE-SCIRPUS 6-blocks inlet 
Media Luna 10 MUK 8-extends from magote 
Media Luna 11 DRYGRASS 8-extends from magote 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Media Luna 12 13 40 40 30 30 boulders 
Media Luna 13 11 30 30 20 20 boulders 
Media Luna 14 11 35 35 20 20 boulders 
Media Luna 15 13 40 40 30 30 boulders 
Media Luna 17 21 50 50 5 10 boulders 
Media Luna 18 26 50 50 5 10 boulders 
Media Luna 19 7 20 40 10 20 boulders 
Media Luna 20 17 100 100 40 40 boulders 
Media Luna 21 14 40 70 30 30 boulders 
Media Luna 22 18 60 100 10 20 boulders 
Media Luna 24 19 20 20 10 20 boulders and slabs 
Media Luna 25 7 20 20 20 20 boulders 
Media Luna 26 51 30 50 30 30 boulders 
Media Luna 27 52 20 20 0 20 boulders and slabs 
Media Luna 28 47 30 30 20 30 boulders and slabs 
Media Luna 29 141 40 90 10 20 boulders 
Media Luna 30 50 30 30 20 40 boulders and slabs 
Media Luna 31 19 30 30 20 30 boulders and slabs 
Media Luna 32 34 30-40 40 30 30 boulders and slabs 
Media Luna 33 13 50 50 20 40 boulders 
Media Luna 34 18 50 60 20 30 boulders 
Media Luna 35 12 50 70 10 30 boulders 
Media Luna 36 36 30 40 20 20 boulders 
Media Luna 37 14 30 40 20 30 boulders 
Media Luna 38 13 30 50 20 20 boulders 
Media Luna 39 8 20 30 10 30 boulders 
Media Luna 42 6 20 30 20 30 boulders 
Media Luna 43 9 100 150 30 40 boulders 
Media Luna 44 16 80 110 20 40 boulders 
Media Luna 45 7 20 40 20 30 boulders 
Media Luna 46 7 20 30 10 20 boulders 
Media Luna 47 27 40 150 30 40 boulders 
Media Luna 48 70 50 120 30 40 boulders 
Media Luna 49 10 20 20 10 10 boulders 
Media Luna 50 15 30 50 20 30 boulders 
Media Luna 51 10 20 40 10 20 boulders and slabs 
Media Luna 52 8 20 20 20 20 boulders 
Media Luna 54 28 30 100 20 40 boulders 
Media Luna 55 17 20 30 0 20 boulders 
Media Luna 56 11 20 40 10 30 boulders 
Media Luna 57 10 20 20 10 10 boulders 
Media Luna 58 12 20 30 10 30 boulders 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Media Luna 12 20 45 1 2 1 1 
Media Luna 13 20 40 1 2 1 1 
Media Luna 14 20 30 1 1 1 2 
Media Luna 15 20 40 1 3 1 1 
Media Luna 17 5 40 3 4 1 1 
Media Luna 18 5 20 2 3 1 1 
Media Luna 19 10 20 1 1 1 1 
Media Luna 20 30 40 4 5 2 2 
Media Luna 21 30 40 2 2 1 1 
Media Luna 22 10 30 2 3 1 1 
Media Luna 24 10 30 1 2 1 1 
Media Luna 25 10 20 1 1 1 1 
Media Luna 26 30 30 2 2 1 1 
Media Luna 27 20 30 1 1 1 1 
Media Luna 28 30 40 1 1 1 1 
Media Luna 29 10 40 2 4 1 1 
Media Luna 30 30 40 1 1 1 1 
Media Luna 31 30 40 1 1 1 1 
Media Luna 32 20 50 1 1 1 1 
Media Luna 33 10 40 2 3 1 1 
Media Luna 34 20 40 2 3 1 1 
Media Luna 35 20 40 2 3 1 2 
Media Luna 36 20 30 2 2 1 1 
Media Luna 37 20 40 1 3 1 1 
Media Luna 38 20 30 1 2 1 1 
Media Luna 39 20 40 1 2 1 2 
Media Luna 42 10 30 1 2 1 1 
Media Luna 43 10 60 4 5 1 2 
Media Luna 44 10 40 3 3 1 1 
Media Luna 45 15 40 1 2 1 1 
Media Luna 46 10 20 1 1 1 1 
Media Luna 47 20 50 2 5 1 2 
Media Luna 48 20 50 3 4 1 2 
Media Luna 49 10 20 1 1 1 1 
Media Luna 50 20 40 1 2 1 1 
Media Luna 51 10 30 1 3 1 1 
Media Luna 52 20 30 1 2 1 1 
Media Luna 54 30 70 1 3 1 1 
Media Luna 55 10 30 1 1 1 1 
Media Luna 56 10 40 1 1 1 1 
Media Luna 57 10 20 1 1 1 1 
Media Luna 58 10 40 1 2 1 1 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Media Luna 12 some 5 5 
Media Luna 13 no 0 10 
Media Luna 14 no 10 10 
Media Luna 15 some 0 10 
Media Luna 17 no 5 5 
Media Luna 18 no 5 5 
Media Luna 19 no 0 0 
Media Luna 20 some 25 25 
Media Luna 21 no 0 25 
Media Luna 22 no 60 60 
Media Luna 24 a few 2 4 
Media Luna 25 no 2 4 
Media Luna 26 no 70 70 
Media Luna 27 many 30 40 
Media Luna 28 many 10 10 
Media Luna 29 no 40 40 
Media Luna 30 most 10 20 
Media Luna 31 most 10 20 
Media Luna 32 no 2 4 
Media Luna 33 no 2 4 
Media Luna 34 no 2 4 
Media Luna 35 no 0 0 
Media Luna 36 no 20 20 
Media Luna 37 no 0 5 
Media Luna 38 a few 0 40 
Media Luna 39 no 2 4 
Media Luna 42 no 0 0 
Media Luna 43 no 0 0 
Media Luna 44 no 20 20 
Media Luna 45 no 0 0 
Media Luna 46 no 0 35 
Media Luna 47 no 0 0 
Media Luna 48 no 7 9 
Media Luna 49 no 20 20 
Media Luna 50 a few 30 30 
Media Luna 51 1 or 2 7 9 
Media Luna 52 a few 7 9 
Media Luna 54 a few 0 0 
Media Luna 55 no 50 50 
Media Luna 56 no 7 9 
Media Luna 57 no 5 5 
Media Luna 58 1 or 2 50 50 
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Media Luna 12 10 10 20 20 
Media Luna 13 20 20 20 20 
Media Luna 14 20 20 20 20 
Media Luna 15 20 20 20 20 
Media Luna 17 0 5 0 5 
Media Luna 18 70 70 40 40 
Media Luna 19 5 5 20 20 
Media Luna 20 100 100 80 80 
Media Luna 21 80 80 60 60 
Media Luna 22 60 60 60 60 
Media Luna 24 10 20 35 35 
Media Luna 25 70 70 10 20 
Media Luna 26 60 60 80 80 
Media Luna 27 40 70 60 70 
Media Luna 28 10 10 60 60 
Media Luna 29 40 70 40 70 
Media Luna 30 10 10 40 50 
Media Luna 31 10 10 30 125 
Media Luna 32 10 10 10 10 
Media Luna 33 30 30 35 35 
Media Luna 34 25 25 45 45 
Media Luna 35 0 0 60 60 
Media Luna 36 80 80 80 80 
Media Luna 37 80 80 80 80 
Media Luna 38 70 70 40 40 
Media Luna 39 0 5 0 5 
Media Luna 42 0 0 0 0 
Media Luna 43 30 30 25 25 
Media Luna 44 100 100 80 80 
Media Luna 45 0 0 40 40 
Media Luna 46 30 30 60 60 
Media Luna 47 15 15 30 30 
Media Luna 48 60 60 60 60 
Media Luna 49 25 25 25 25 
Media Luna 50 60 60 60 60 
Media Luna 51 80 80 80 80 
Media Luna 52 10 10 5 5 
Media Luna 54 5 5 5 5 
Media Luna 55 25 25 60 60 
Media Luna 56 30 30 50 50 
Media Luna 57 50 50 65 65 
Media Luna 58 80 80 70 70 
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Wetland RA # Vegetation Association RA Type 
Media Luna 12 DRYGRASS 6-blocks inlet 
Media Luna 13 VINE 7-magote to magote 
Media Luna 14 SEDGE-SCIRPUS 7-magote to magote 
Media Luna 15 VINE 7-magote to magote 
Media Luna 17 DRYGRASS 7-magote to magote 
Media Luna 18 DRYGRASS 7-magote to magote 
Media Luna 19 VINE 7-magote to magote 
Media Luna 20 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 21 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 22 SEDGE-SCIRPUS 7-magote to magote 
Media Luna 24 VINE 7-magote to magote 
Media Luna 25 SAWGRASS 7-magote to magote 
Media Luna 26 VINE 7-magote to magote 
Media Luna 27 SEDGE-ELEOCHARIS 10-on bank at wetland edge 
Media Luna 28 MUK 10-on bank at wetland edge 
Media Luna 29 SEDGE-ELEOCHARIS 1-long 
Media Luna 30 VINE 10-on bank at wetland edge 
Media Luna 31 SEDGE-SCIRPUS 10-on bank at wetland edge 
Media Luna 32 MUK 10-on bank at wetland edge 
Media Luna 33 DRYGRASS 7-magote to magote 
Media Luna 34 SEDGE-SCIRPUS 7-magote to magote 
Media Luna 35 VINE 7-magote to magote 
Media Luna 36 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 37 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 38 VINE 7-magote to magote 
Media Luna 39 VINE 7-magote to magote 
Media Luna 42 VINE 7-magote to magote 
Media Luna 43 VINE 7-magote to magote 
Media Luna 44 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 45 VINE 6-blocks inlet 
Media Luna 46 SEDGE-SCIRPUS 7-magote to magote 
Media Luna 47 MUK 7-magote to magote 
Media Luna 48 SEDGE-SCIRPUS 1-long 
Media Luna 49 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 50 SEDGE-SCIRPUS 7-magote to magote 
Media Luna 51 VINE 7-magote to magote 
Media Luna 52 VINE 7-magote to magote 
Media Luna 54 DRYGRASS 8-extends from magote 
Media Luna 55 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 56 DRYGRASS 7-magote to magote 
Media Luna 57 VINE 7-magote to magote 
Media Luna 58 SEDGE-ELEOCHARIS 7-magote to magote 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Media Luna 59 7 20 20 0 10 boulders 
Media Luna 60 10 30 60 10 20 boulders 
Media Luna 61 11 20 20 10 20 boulders 
Media Luna 62 10 20 30 0 5 boulders 
Media Luna 63 9 20 30 0 20 boulders 
Media Luna 64 6 40 70 20 40 boulders 
Media Luna 65 5 70 100 10 30 boulders 
Media Luna 66 13 30 40 10 20 boulders 
Media Luna 67 7 20 20 5 10 boulders 
Media Luna 68 13 20 40 20 20 boulders 
Media Luna 69 21 20 40 10 20 boulders 
Jona 1 12 50 50 20 20 boulders 
Jona 2 9 40 50 30 30 boulders 
Jona 3 14 20 20 20 20 boulders 
Jona 4 10 20 20 20 20 boulders 
Jona 5 7 30 30 10 20 boulders and slabs 
Jona 6 7 30 30 30 30 boulders 
Jona 7 34 40 50 30 30 boulders 
Jona 8 19 30 50 10 20 slabs 
Jona 9 3 50 50 20 20 slabs 
Jona 10 20 30 40 30 30 boulders and slabs 
Jona 12 3 30 30 20 20 boulders 
Jona 13 24 30 40 20 20 boulders 
Jona 14 14 40 50 30 30 boulders 
Jona 15 48 50 50 20 40 boulders 
Jona 16 8 30 30 30 30 boulders 
Jona 17 15 40 50 30 30 boulders 
Jona 19 11 30 40 20 20 boulders 
Jona 20 27 30 40 20 40 boulders and slabs 
Jona 21 33 20 40 10 30 boulders 
Jona 22 22 30 50 30 40 boulders and slabs 
Jona 23 37 30 60 20 30 boulders and slabs 
Jona 24 20 30 50 20 20 boulders 
Jona 26 8 30 50 20 30 boulders 
Jona 27 10 40 40 20 20 boulders 
Jona 28 12 30 30 30 30 boulders and slabs 
Jona 29 9 30 40 20 20 boulders and slabs 
Jona 30 55 40 60 20 30 boulders and slabs 
Jona 31 16 50 70 30 40 boulders and slabs 
Jona 32 20 50 80 20 40 boulders and slabs 
Zanja 1 131 50 200 30 50 boulders 
Dos Leones 1 71 100 100 50 50 boulders 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Media Luna 59 10 20 1 1 1 1 
Media Luna 60 10 20 1 3 1 1 
Media Luna 61 10 30 1 1 1 1 
Media Luna 62 10 20 1 2 1 1 
Media Luna 63 10 30 1 2 1 1 
Media Luna 64 20 40 1 2 1 1 
Media Luna 65 10 30 2 4 1 1 
Media Luna 66 10 30 1 2 1 1 
Media Luna 67 10 20 1 1 1 1 
Media Luna 68 20 40 1 1 1 1 
Media Luna 69 10 30 1 2 1 1 
Jona 1 10 20 2 3 1 1 
Jona 2 20 40 3 4 1 1 
Jona 3 10 30 1 1 1 1 
Jona 4 10 30 1 1 1 1 
Jona 5 10 40 1 1 1 1 
Jona 6 10 30 1 2 1 1 
Jona 7 30 40 2 2 1 2 
Jona 8 40 70 1 1 1 1 
Jona 9 40 50 1 1 1 1 
Jona 10 30 60 1 1 1 1 
Jona 12 30 50 1 1 1 1 
Jona 13 20 30 1 2 1 1 
Jona 14 30 40 2 2 1 1 
Jona 15 10 40 3 3 1 1 
Jona 16 20 40 2 2 1 1 
Jona 17 30 40 2 3 1 1 
Jona 19 20 30 1 2 1 1 
Jona 20 30 60 1 1 1 1 
Jona 21 20 40 1 1 1 1 
Jona 22 40 60 1 2 1 1 
Jona 23 20 50 1 2 1 1 
Jona 24 10 30 1 2 1 1 
Jona 26 30 40 1 1 1 1 
Jona 27 20 30 1 2 1 1 
Jona 28 30 60 1 1 1 1 
Jona 29 40 60 1 1 1 1 
Jona 30 20 40 2 3 1 1 
Jona 31 40 60 2 2 1 1 
Jona 32 40 60 2 2 1 1 
Zanja 1 30 60 2 6 2 4 
Dos Leones 1 40 80 2 3 2 2 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Media Luna 59 1 or 2 45 45 
Media Luna 60 no 0 0 
Media Luna 61 no 0 5 
Media Luna 62 no 40 40 
Media Luna 63 no 35 35 
Media Luna 64 no 30 30 
Media Luna 65 no 0 0 
Media Luna 66 no 7 9 
Media Luna 67 no 7 9 
Media Luna 68 no 55 55 
Media Luna 69 no 0 5 
Jona 1 no 2 4 
Jona 2 no 0 15 
Jona 3 no 5 10 
Jona 4 no 5 10 
Jona 5 no 5 5 
Jona 6 no 5 5 
Jona 7 a few 5 5 
Jona 8 no 5 10 
Jona 9 no 30 30 
Jona 10 a few 10 15 
Jona 12 no 0 0 
Jona 13 no 0 0 
Jona 14 no 0 0 
Jona 15 no 30 30 
Jona 16 some 0 0 
Jona 17 no 5 5 
Jona 19 a few 0 0 
Jona 20 a few 5 18 
Jona 21 no 3 3 
Jona 22 a few 10 10 
Jona 23 1 or 2 5 5 
Jona 24 1 or 2 10 10 
Jona 26 1 or 2 5 10 
Jona 27 no 0 0 
Jona 28 most 30 40 
Jona 29 1 or 2 10 10 
Jona 30 1 or 2 5 10 
Jona 31 a few 5 5 
Jona 32 a few 10 10 
Zanja 1 no 10 10 
Dos Leones 1 some 0 0 
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Media Luna 59 78 78 60 60 
Media Luna 60 10 10 25 25 
Media Luna 61 10 10 25 25 
Media Luna 62 40 40 70 70 
Media Luna 63 45 45 70 70 
Media Luna 64 80 80 80 80 
Media Luna 65 5 10 10 10 
Media Luna 66 40 40 40 40 
Media Luna 67 80 80 60 60 
Media Luna 68 50 50 25 25 
Media Luna 69 15 15 65 65 
Jona 1 35 35 15 15 
Jona 2 20 20 40 40 
Jona 3 5 10 10 10 
Jona 4 5 10 10 10 
Jona 5     
Jona 6 5 10 5 10 
Jona 7 5 10 5 10 
Jona 8 50 50 50 50 
Jona 9 50 50 50 50 
Jona 10 20 30 20 30 
Jona 12 20 30 20 30 
Jona 13 40 40 10 10 
Jona 14 30 50 30 50 
Jona 15 35 35 30 30 
Jona 16 40 40 10 10 
Jona 17 40 40 30 30 
Jona 19 10 10 10 10 
Jona 20 10 10 10 10 
Jona 21 5 10 5 10 
Jona 22 10 10 10 10 
Jona 23 10 10 10 10 
Jona 24 5 5 5 5 
Jona 26 10 10 0 5 
Jona 27 5 5 5 5 
Jona 28 40 50 40 50 
Jona 29 10 20 10 20 
Jona 30 5 10 10 15 
Jona 31 5 10 5 10 
Jona 32 30 30 30 30 
Zanja 1 70 70 70 70 
Dos Leones 1 0 5 0 5 
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Wetland RA # Vegetation Association RA Type 
Media Luna 59 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 60 VINE 7-magote to magote 
Media Luna 61 VINE 7-magote to magote 
Media Luna 62 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 63 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 64 VINE 7-magote to magote 
Media Luna 65 MUK 7-magote to magote 
Media Luna 66 SEDGE-SCIRPUS 7-magote to magote 
Media Luna 67 VINE 7-magote to magote 
Media Luna 68 SEDGE-ELEOCHARIS 7-magote to magote 
Media Luna 69 SEDGE-SCIRPUS 7-magote to magote 
Jona 1 VINE 7-magote to magote 
Jona 2 VINE 7-magote to magote 
Jona 3 VINE 7-magote to magote 
Jona 4 VINE 2-blocks low margin of depression 
Jona 5 VINE 7-magote to magote 
Jona 6 DRYGRASS 7-magote to magote 
Jona 7 DRYGRASS 7-magote to magote 
Jona 8 SEDGE-SCIRPUS 8-extends from magote 
Jona 9 SEDGE-SCIRPUS 8-extends from magote 
Jona 10 SEDGE-SCIRPUS 7-magote to magote 
Jona 12 SEDGE-SCIRPUS 8-extends from magote 
Jona 13 SEDGE-SCIRPUS 6-blocks inlet 
Jona 14 SEDGE-SCIRPUS 7-magote to magote 
Jona 15 SEDGE-SCIRPUS 7-magote to magote 
Jona 16 SEDGE-SCIRPUS 7-magote to magote 
Jona 17 SEDGE-SCIRPUS 6-blocks inlet 
Jona 19 DRYGRASS 7-magote to magote 
Jona 20 SEDGE-SCIRPUS 7-magote to magote 
Jona 21 SEDGE-SCIRPUS 8-extends from magote 
Jona 22 SEDGE-SCIRPUS 7-magote to magote 
Jona 23 SEDGE-SCIRPUS 7-magote to magote 
Jona 24 DRYGRASS 6-blocks inlet 
Jona 26 DRYGRASS 6-blocks inlet 
Jona 27 DRYGRASS 7-magote to magote 
Jona 28 VINE 7-magote to magote 
Jona 29 SEDGE-SCIRPUS 8-extends from magote 
Jona 30 SEDGE-SCIRPUS 6-blocks inlet 
Jona 31 DRYGRASS 3-perp to slope in higher areas 
Jona 32 SEDGE-SCIRPUS 7-magote to magote 
Zanja 1 TASISTAL 1-long 
Dos Leones 1 MILPA 11-albarrada 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Dos Leones 2 13 30 50 30 30 boulders and slabs 
Dos Leones 3 148 50 100 30 50 boulders and slabs 
Dos Leones 4 36 20 40 20 30 boulders and slabs 
Dos Leones 5 8 20 20 5 20 boulders and slabs 
Dos Leones 6 62 20 30 10 20 boulders and slabs 
Dos Leones 7 8 30 30 30 30 boulders 
Dos Leones 8 175 50 150 50 70 boulders and slabs 
Dos Leones 9 125 30 120 20 50 boulders and slabs 
Dos Leones 10 122 50 100 40 70 boulders and slabs 
Dos Leones 11 13 30 30 20 20 slabs 
T'isil 1 15      
T'isil 2 19     slabs 
T'isil 3 12      
T'isil 4 5      
T'isil 5 5      
T'isil 6 30     boulders 
T'isil 7 5      
T'isil 8 26      
T'isil 9 25     boulders and slabs 
T'isil 10 6      
T'isil 11 31      
T'isil 12 33     boulders 
T'isil 13 26      
T'isil 14 16     boulders 
T'isil 15 13      
T'isil 16 16      
T'isil 17 32      
T'isil 18 35 30 50 30 50 boulders and slabs 
T'isil 19 15      
T'isil 20 7      
T'isil 21 10      
T'isil 22 19      
T'isil 23 7      
T'isil 24 93     boulders 
T'isil 25 58     boulders 
T'isil 26 21      
T'isil 27 32      
T'isil 28 42      
T'isil 29 7      
T'isil 30 12      
T'isil 31 4      
T'isil 32 12     boulders and slabs 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Dos Leones 2 30 50 1 1 1 1 
Dos Leones 3 30 60 2 3 1 2 
Dos Leones 4 20 40 1 1 1 1 
Dos Leones 5 10 20 1 1 1 1 
Dos Leones 6 20 50 1 1 1 1 
Dos Leones 7 20 30 1 1 1 1 
Dos Leones 8 40 100 2 5 2 3 
Dos Leones 9 30 100 1 2 1 2 
Dos Leones 10 50 100 2 3 2 3 
Dos Leones 11 30 50 1 1 1 1 
T'isil 1   1 1 1 1 
T'isil 2   1 1 1 1 
T'isil 3   1 1 1 1 
T'isil 4   1 1 1 1 
T'isil 5   1 1 1 1 
T'isil 6   2 2 2 2 
T'isil 7       
T'isil 8       
T'isil 9       
T'isil 10       
T'isil 11       
T'isil 12   2 2 2 2 
T'isil 13       
T'isil 14       
T'isil 15   1 1 1 1 
T'isil 16   1 1 1 1 
T'isil 17       
T'isil 18   2 2 2 2 
T'isil 19       
T'isil 20       
T'isil 21       
T'isil 22       
T'isil 23       
T'isil 24       
T'isil 25   1 2 1 1 
T'isil 26       
T'isil 27       
T'isil 28       
T'isil 29       
T'isil 30       
T'isil 31       
T'isil 32 35 65     
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Dos Leones 2 several 0 0 
Dos Leones 3 no 0 0 
Dos Leones 4 1 or 2 0 0 
Dos Leones 5 a few 5 5 
Dos Leones 6 no 5 5 
Dos Leones 7 no 0 0 
Dos Leones 8 no   
Dos Leones 9 a few 5 30 
Dos Leones 10 some 30 30 
Dos Leones 11 no 0 0 
T'isil 1 no   
T'isil 2    
T'isil 3    
T'isil 4    
T'isil 5    
T'isil 6 many   
T'isil 7    
T'isil 8    
T'isil 9 some 0 0 
T'isil 10  0 0 
T'isil 11    
T'isil 12    
T'isil 13  0 0 
T'isil 14    
T'isil 15    
T'isil 16    
T'isil 17    
T'isil 18    
T'isil 19    
T'isil 20    
T'isil 21    
T'isil 22    
T'isil 23    
T'isil 24 some   
T'isil 25    
T'isil 26    
T'isil 27  0 0 
T'isil 28  0 0 
T'isil 29    
T'isil 30    
T'isil 31    
T'isil 32    
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Dos Leones 2 50 50 10 10 
Dos Leones 3 5 5 10 15 
Dos Leones 4 0 10 0 10 
Dos Leones 5 5 5 5 5 
Dos Leones 6 5 10 5 10 
Dos Leones 7 10 10 5 5 
Dos Leones 8 40 40 40 40 
Dos Leones 9 50 60 50 60 
Dos Leones 10 50 50 30 30 
Dos Leones 11 5 5 120 120 
T'isil 1     
T'isil 2 5 10 5 10 
T'isil 3     
T'isil 4     
T'isil 5     
T'isil 6     
T'isil 7     
T'isil 8 3 3 25 25 
T'isil 9     
T'isil 10     
T'isil 11     
T'isil 12     
T'isil 13     
T'isil 14 5 5 25 25 
T'isil 15     
T'isil 16     
T'isil 17     
T'isil 18 3 3 3 3 
T'isil 19     
T'isil 20     
T'isil 21     
T'isil 22     
T'isil 23     
T'isil 24     
T'isil 25 20 20 20 20 
T'isil 26     
T'isil 27     
T'isil 28     
T'isil 29     
T'isil 30     
T'isil 31     
T'isil 32 10 10 10 10 
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Wetland RA # Vegetation Association RA Type 
Dos Leones 2 SEDGE - ELEOCHARIS 6-blocks inlet 
Dos Leones 3 SEDGE 1-long 
Dos Leones 4 SEDGE - SCIRPUS 7-Magote to Magote 
Dos Leones 5 SEDGE - SCIRPUS 4-perp to slope in open wetland 
Dos Leones 6 SEDGE - SCIRPUS 4-perp to slope in open wetland 
Dos Leones 7 MUK 10-on bank at wetland edge 
Dos Leones 8 SEDGE - SCIRPUS 1-long 
Dos Leones 9 SEDGE - SCIRPUS 1-long 
Dos Leones 10 SEDGE - SCIRPUS 1-long 
Dos Leones 11 SEDGE 10-on bank at wetland edge 
T'isil 1 SEDGE - ELEOCHARIS 6-blocks inlet 
T'isil 2 SEDGE - SCIRPUS 4-perp to slope in open wetland 
T'isil 3 SEDGE - ELEOCHARIS 6-blocks inlet 
T'isil 4 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 5 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 6 SEDGE - SCIRPUS 4-perp to slope in open wetland 
T'isil 7 SEDGE - ELEOCHARIS 8-extends from magote 
T'isil 8 VINE 6-blocks inlet 
T'isil 9 MUK 3-perp to slope in higher areas 
T'isil 10 SEDGE - ELEOCHARIS 6-blocks inlet 
T'isil 11 TINTAL 3-perp to slope in higher areas 
T'isil 12 MUK 2-blocks low margin of depression 
T'isil 13 MUK 3-perp to slope in higher areas 
T'isil 14 MUK 3-perp to slope in higher areas 
T'isil 15 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 16 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 17 SEDGE 4-perp to slope in open wetland 
T'isil 18 SEDGE 4-perp to slope in open wetland 
T'isil 19 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 20 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 21 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 22 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 23 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 24 SAWGRASS 4-perp to slope in open wetland 
T'isil 25 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 26 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 27 MUK 3-perp to slope in higher areas 
T'isil 28 MUK 3-perp to slope in higher areas 
T'isil 29 SAWGRASS 6-blocks inlet 
T'isil 30 SEDGE - ELEOCHARIS 4-perp to slope in open wetland 
T'isil 31 SEDGE - ELEOCHARIS 5-cross channel 
T'isil 32 SEDGE - ELEOCHARIS 5-cross channel 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Mil Novecientos 1 32 20 30 20 30 boulders 
Mil Novecientos 2 21 10 40 10 40 boulders 
Mil Novecientos 3 73 10 40 10 30 boulders 
Mil Novecientos 4 77 20 50 20 50 boulders 
Mil Novecientos 5 37 10 50 10 30 boulders 
Mil Novecientos 6 100      
Mil Novecientos 7 13 20 60 20 40 boulders 
Mil Novecientos 8 20 30 40 10 20 boulders and slabs 
Mil Novecientos 9 8 20 50 20 50 boulders 
Mil Novecientos 10 7 20 50 40 40 boulders 
Mil Novecientos 11 16 20 40 20 40 boulders 
Mil Novecientos 12 37 10 40 10 40 boulders 
Mil Novecientos 13 31 10 40 10 40 boulders 
Mil Novecientos 14 29 10 40 10 30 boulders 
Mil Novecientos 15 14 10 30 10 30 boulders 
Mil Novecientos 16 76 10 40 10 20 boulders 
Mil Novecientos 17 41 20 20 10 40 boulders and slabs 
Mil Novecientos 18 13 20 30 20 30 boulders 
Mil Novecientos 19 240     slabs and boulders 
Mil Novecientos 20 52      
Mil Novecientos 21 11      
Mil Novecientos 22 21     boulders and slabs 
Mil Novecientos 23 17     boulders and slabs 
Mil Novecientos 24 21     boulders and slabs 
Mil Novecientos 25 10     boulders and slabs 
Mil Novecientos 26 11      
Mil Novecientos 27 4      
Mil Novecientos 28 198 80 80 30 40 boulders and slabs 
San Aurelio 1 6 30 40 20 30 boulders 
San Aurelio 2 8 30 40 20 40 boulders and slabs 
San Aurelio 3 4 20 20 10 15 boulders 
San Aurelio 4 28 40 70 20 50 boulders and slabs 
San Aurelio 5 14 50 60 30 30 boulders and slabs 
San Aurelio 6 28 40 60 20 40 boulders and slabs 
San Aurelio 7 16 20 30 10 20 boulders 
San Aurelio 8 7 20 20 10 20 boulders 
San Aurelio 10 16 40 80 30 40 boulders and slabs 
San Aurelio 11 19 20 40 20 20 boulders and slabs 
San Aurelio 12 12 80 120 30 40 boulders 
San Aurelio 13 12 20 20 10 20 boulders 
San Aurelio 14 30 30 40 20 60 boulders and slabs 
San Aurelio 15 51 20 40 10 30 boulders 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Mil Novecientos 1 20 20 1 1 1 1 
Mil Novecientos 2 30 60 1 1 1 2 
Mil Novecientos 3 40 40 2 3 1 2 
Mil Novecientos 4 40 40 2 3 1 4 
Mil Novecientos 5 10 50 1 1 1 2 
Mil Novecientos 6       
Mil Novecientos 7 20 30 1 3 1 3 
Mil Novecientos 8 10 40 1 1 1 1 
Mil Novecientos 9 20 40 1 3 1 3 
Mil Novecientos 10 40 40 1 1 1 1 
Mil Novecientos 11 30 40 2 2 1 2 
Mil Novecientos 12 15 40 1 1 1 2 
Mil Novecientos 13 30 30 1 2 1 1 
Mil Novecientos 14 10 30 1 2 1 3 
Mil Novecientos 15 20 30 1 1 1 1 
Mil Novecientos 16 20 30 1 2 1 1 
Mil Novecientos 17 20 40 1 1 1 1 
Mil Novecientos 18 20 30 1 1 1 1 
Mil Novecientos 19 30 70 1 2 1 2 
Mil Novecientos 20       
Mil Novecientos 21       
Mil Novecientos 22 20 40 1 3 1 1 
Mil Novecientos 23 20 40 1 3 1 1 
Mil Novecientos 24 20 40 1 3 1 1 
Mil Novecientos 25 20 40 1 3 1 1 
Mil Novecientos 26       
Mil Novecientos 27       
Mil Novecientos 28 40 70 1 3 1 2 
San Aurelio 1 30 40 1 2 1 1 
San Aurelio 2 30 50 1 2 1 1 
San Aurelio 3 10 20 1 1 1 1 
San Aurelio 4 10 100 2 3 1 2 
San Aurelio 5 40 80 1 1 1 1 
San Aurelio 6 20 100 1 2 1 1 
San Aurelio 7 20 30 1 1 1 1 
San Aurelio 8 20 30 1 1 1 1 
San Aurelio 10 30 50 2 3 1 2 
San Aurelio 11 20 60 1 1 1 1 
San Aurelio 12 30 60 3 4 2 2 
San Aurelio 13 10 30 1 1 1 1 
San Aurelio 14 30 100 2 3 1 2 
San Aurelio 15 20 40 1 1 1 1 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Mil Novecientos 1 no 1 1 
Mil Novecientos 2 no 0 0 
Mil Novecientos 3 no 10 10 
Mil Novecientos 4 no 5 5 
Mil Novecientos 5 no 2 2 
Mil Novecientos 6    
Mil Novecientos 7 no 0 0 
Mil Novecientos 8 no 3 3 
Mil Novecientos 9 no 10 10 
Mil Novecientos 10 no 1 1 
Mil Novecientos 11 no 0 0 
Mil Novecientos 12 no 10 10 
Mil Novecientos 13 no 0 0 
Mil Novecientos 14 no 0 0 
Mil Novecientos 15 no 0 0 
Mil Novecientos 16 no 6 6 
Mil Novecientos 17 many 0 5 
Mil Novecientos 18 no 5 5 
Mil Novecientos 19 many 0 0 
Mil Novecientos 20  0 0 
Mil Novecientos 21  0 0 
Mil Novecientos 22 some   
Mil Novecientos 23 some   
Mil Novecientos 24 some   
Mil Novecientos 25 some   
Mil Novecientos 26  0 0 
Mil Novecientos 27    
Mil Novecientos 28 many   
San Aurelio 1 1 2 4 
San Aurelio 2 1 0 0 
San Aurelio 3 no 15 15 
San Aurelio 4 several 0 0 
San Aurelio 5 no 0 0 
San Aurelio 6 several 0 5 
San Aurelio 7 no 5 5 
San Aurelio 8 no 0 5 
San Aurelio 10 a few 0 0 
San Aurelio 11 no 0 5 
San Aurelio 12 no 0 0 
San Aurelio 13 no 5 10 
San Aurelio 14 many 0 5 
San Aurelio 15 a few 10 10 
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Mil Novecientos 1 8 8 3 3 
Mil Novecientos 2 3 3 6 6 
Mil Novecientos 3 10 10 10 10 
Mil Novecientos 4 5 5 5 5 
Mil Novecientos 5 5 5 5 5 
Mil Novecientos 6     
Mil Novecientos 7 10 10 5 5 
Mil Novecientos 8 3 3 3 3 
Mil Novecientos 9 25 25 20 20 
Mil Novecientos 10 3 3 0 0 
Mil Novecientos 11 0 0 3 3 
Mil Novecientos 12 10 10 10 10 
Mil Novecientos 13 3 3 5 5 
Mil Novecientos 14 10 10 20 20 
Mil Novecientos 15 2 2 5 5 
Mil Novecientos 16 6 6 10 10 
Mil Novecientos 17 0 10 5 5 
Mil Novecientos 18 5 5 5 5 
Mil Novecientos 19     
Mil Novecientos 20     
Mil Novecientos 21     
Mil Novecientos 22 20 20 20 20 
Mil Novecientos 23 20 20 20 20 
Mil Novecientos 24 20 20 20 20 
Mil Novecientos 25 20 20 20 20 
Mil Novecientos 26 0 0 0 0 
Mil Novecientos 27     
Mil Novecientos 28 20 40 20 40 
San Aurelio 1 125 125 10 10 
San Aurelio 2 40 40 50 50 
San Aurelio 3 80 100 20 20 
San Aurelio 4 5 10 5 10 
San Aurelio 5 45 45 30 30 
San Aurelio 6 40 40 30 30 
San Aurelio 7 125 125 10 10 
San Aurelio 8 5 5 5 5 
San Aurelio 10 10 30 20 40 
San Aurelio 11 30 30 30 30 
San Aurelio 12 30 30 40 40 
San Aurelio 13 10 10 30 40 
San Aurelio 14 15 15 15 15 
San Aurelio 15 20 40 20 40 
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Wetland RA # Vegetation Association RA Type 
Mil Novecientos 1 SEDGE 6-blocks inlet 
Mil Novecientos 2 MUK 3-perp to slope in higher areas 
Mil Novecientos 3 SEDGE 3-perp to slope in higher areas 
Mil Novecientos 4 SEDGE 6-blocks inlet 
Mil Novecientos 5 SEDGE 6-blocks inlet 
Mil Novecientos 6 SEDGE 3-perp to slope in higher areas 
Mil Novecientos 7 TASISTAL 3-perp to slope in higher areas 
Mil Novecientos 8 TASISTAL 3-perp to slope in higher areas 
Mil Novecientos 9 TASISTAL 3-perp to slope in higher areas 
Mil Novecientos 10 TINTAL 3-perp to slope in higher areas 
Mil Novecientos 11 TINTAL 3-perp to slope in higher areas 
Mil Novecientos 12 SEDGE 6-blocks inlet 
Mil Novecientos 13 SEDGE - SCIRPUS 6-blocks inlet 
Mil Novecientos 14 SEDGE 6-blocks inlet 
Mil Novecientos 15 SEDGE 6-blocks inlet 
Mil Novecientos 16 SEDGE 6-blocks inlet 
Mil Novecientos 17 SEDGE - SCIRPUS 6-blocks inlet 
Mil Novecientos 18 SEDGE 6-blocks inlet 
Mil Novecientos 19 SAWGRASS 1-long 
Mil Novecientos 20 SAWGRASS 4-perp to slope in open wetland 
Mil Novecientos 21 MUK 2-blocks low margin of depression 
Mil Novecientos 22 SEDGE - ELEOCHARIS 5-cross channel 
Mil Novecientos 23 SEDGE - ELEOCHARIS 5-cross channel 
Mil Novecientos 24 SEDGE - ELEOCHARIS 5-cross channel 
Mil Novecientos 25 SEDGE - ELEOCHARIS 5-cross channel 
Mil Novecientos 26 MUK 3-perp to slope in higher areas 
Mil Novecientos 27 SEDGE - ELEOCHARIS 2-blocks low margin of depression 
Mil Novecientos 28 SEDGE - SCIRPUS 1-long 
San Aurelio 1 SEDGE-SCIRPUS 2-blocks low margin of depression 
San Aurelio 2 SEDGE-SCIRPUS 2-blocks low margin of depression 
San Aurelio 3 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 4 SEDGE 5-cross channel 
San Aurelio 5 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 6 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 7 SEDGE 4-perp to slope in open wetland 
San Aurelio 8 SEDGE 4-perp to slope in open wetland 
San Aurelio 10 SEDGE 2-blocks low margin of depression 
San Aurelio 11 SEDGE-SCIRPUS 6-blocks inlet 
San Aurelio 12 SEDGE-SCIRPUS 7-magote to magote 
San Aurelio 13 SEDGE-SCIRPUS 2-blocks low margin of depression 
San Aurelio 14 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 15 SEDGE-SCIRPUS 5-cross channel 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
San Aurelio 16 32 20 30 0 30 boulders 
San Aurelio 18 46 40 40 40 40 boulders and slabs 
San Aurelio 19 26 30 40 30 40 slabs 
San Aurelio 20 24 80 100 20 30 boulders and slabs 
San Aurelio 21 10 40 40 20 20 boulders 
San Aurelio 22 19 80 80 30 40 slabs 
San Aurelio 23 2 20 30 10 20 boulders 
San Aurelio 24 2 30 30 20 20 slabs 
San Aurelio 25 7 30 70 30 30 boulders 
San Aurelio 26 23 40 60 20 30 boulders and slabs 
San Aurelio 27 27 50 80 30 40 boulders and slabs 
San Aurelio 28 10 60 60 30 40 boulders 
San Aurelio 29 9 20 20 20 30 slabs 
San Aurelio 30 10 30 50 30 30 boulders and slabs 
San Aurelio 31 7 30 30 10 20 boulders 
San Aurelio 32 27 20 30 10 30 boulders and slabs 
Punta Mosquito 1 5 70 70 30 30 boulders 
Punta Mosquito 2 12 30 30 30 30 boulders 
Punta Mosquito 3 14      
Punta Mosquito 4 9      
Punta Mosquito 5 10      
Punta Mosquito 6 11      
Esperanza 1 26 40 40 20 20 boulders and slabs 
Esperanza 2 22 40 40 10 30 boulders 
Esperanza 3 12 40 40 10 20 boulders 
Chaca Marin 1 26 40 40 30 30 boulders 
Chaca Marin 2 19 30 50 20 30 boulders 
Chaca Marin 3 32 30 40 30 30 boulders 
Chaca Marin 4 86 60 60 30 40 boulders and slabs 
Chaca Marin 5 78 20 50 30 30 boulders 
Chaca Marin 6 46 30 50 30 40 boulders and slabs 
Chaca Marin 7 13 15 20 15 15 boulders 
Chaca Marin 8 12 20 20 2 15 boulders 
Chaca Marin 9 13 40 40 30 50 slabs 
Chaca Marin 10 6 15 60 10 30 boulders 
Chaca Marin 11 44 40 60 25 25 boulders and slabs 
Chaca Marin 12 55 40 60 30 40 boulders and slabs 
Chaca Marin 13 11 30 60 20 30 boulders 
Chaca Marin 14 19 20 40 20 30 boulders 
Chaca Marin 15 9 30 30 10 30 boulders 
Chaca Marin 16 21 30 30 20 30 boulders 
Chaca Marin 17 8 10 20 10 20 boulders 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
San Aurelio 16 20 50 1 2 1 1 
San Aurelio 18 20 60 2 2 2 2 
San Aurelio 19 30 50 1 1 1 1 
San Aurelio 20 40 80 2 3 1 1 
San Aurelio 21 40 60 1 2 1 1 
San Aurelio 22 60 80 1 2 1 2 
San Aurelio 23 10 30 1 1 1 1 
San Aurelio 24 40 70 1 1 1 1 
San Aurelio 25 30 100 1 1 1 1 
San Aurelio 26 20 60 2 3 1 2 
San Aurelio 27 40 60 1 2 1 2 
San Aurelio 28 40 75 1 1 1 2 
San Aurelio 29 30 60 1 1 1 1 
San Aurelio 30 30 50 1 2 1 1 
San Aurelio 31 20 30 1 2 1 1 
San Aurelio 32 20 40 1 1 1 2 
Punta Mosquito 1 20 70 2 3 1 1 
Punta Mosquito 2 20 30 1 2 1 1 
Punta Mosquito 3       
Punta Mosquito 4       
Punta Mosquito 5       
Punta Mosquito 6       
Esperanza 1 45 45 1 1 1 1 
Esperanza 2 15 30 1 1 1 1 
Esperanza 3 10 20 1 1 1 1 
Chaca Marin 1 20 50 1 1 1 1 
Chaca Marin 2 20 60 1 1 1 1 
Chaca Marin 3 20 40 1 1 1 1 
Chaca Marin 4 15 80 2 3 1 2 
Chaca Marin 5 15 50 1 4 1 1 
Chaca Marin 6 30 80 1 2 1 2 
Chaca Marin 7 10 40 1 1 1 1 
Chaca Marin 8 15 30 1 1 1 1 
Chaca Marin 9 50 80 1 1 1 1 
Chaca Marin 10 10 25 1 1 1 1 
Chaca Marin 11 20 50 2 2 1 1 
Chaca Marin 12 30 40 2 3 2 2 
Chaca Marin 13   2 4 1 2 
Chaca Marin 14   1 2 1 1 
Chaca Marin 15   1 1 1 1 
Chaca Marin 16   1 2 1 2 
Chaca Marin 17   1 1 1 1 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
San Aurelio 16 1 or 2 40 40 
San Aurelio 18 some 30 40 
San Aurelio 19 some 10 20 
San Aurelio 20 no 0 0 
San Aurelio 21 no 0 0 
San Aurelio 22 a few 0 0 
San Aurelio 23 no 0 0 
San Aurelio 24 no 10 10 
San Aurelio 25 no 10 10 
San Aurelio 26 no 0 0 
San Aurelio 27 a few 15 15 
San Aurelio 28 no 2 4 
San Aurelio 29 yes 5 5 
San Aurelio 30 no 0 0 
San Aurelio 31 no 0 0 
San Aurelio 32 a few 0 0 
Punta Mosquito 1 no 0 0 
Punta Mosquito 2 some 0 5 
Punta Mosquito 3    
Punta Mosquito 4    
Punta Mosquito 5    
Punta Mosquito 6    
Esperanza 1 no 5 5 
Esperanza 2 no 3 3 
Esperanza 3 no 3 3 
Chaca Marin 1 no 0 0 
Chaca Marin 2 no 0 0 
Chaca Marin 3 no 0 10 
Chaca Marin 4 several 10 10 
Chaca Marin 5 no 0 10 
Chaca Marin 6 some 5 10 
Chaca Marin 7 2   
Chaca Marin 8 1 10 10 
Chaca Marin 9 most 2 10 
Chaca Marin 10 some   
Chaca Marin 11 a few 5 5 
Chaca Marin 12 no 0 5 
Chaca Marin 13 no 2 2 
Chaca Marin 14 some 3 3 
Chaca Marin 15 some 4 4 
Chaca Marin 16 some 2 2 
Chaca Marin 17 no 5 5 
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
San Aurelio 16 40 40 60 60 
San Aurelio 18 10 10 125 125 
San Aurelio 19 10 20 10 20 
San Aurelio 20 5 10 10 20 
San Aurelio 21 3 3 10 20 
San Aurelio 22 5 5 25 25 
San Aurelio 23 5 5 25 25 
San Aurelio 24 10 20 125 125 
San Aurelio 25 15 15 25 25 
San Aurelio 26 40 40 20 40 
San Aurelio 27 25 25 25 25 
San Aurelio 28 125 125 60 60 
San Aurelio 29 30 30 25 25 
San Aurelio 30 20 40 20 40 
San Aurelio 31 5 5 5 5 
San Aurelio 32 25 25 25 25 
Punta Mosquito 1 2 2 2 2 
Punta Mosquito 2 5 15 5 15 
Punta Mosquito 3     
Punta Mosquito 4     
Punta Mosquito 5     
Punta Mosquito 6     
Esperanza 1 60 60 40 40 
Esperanza 2 0 0 3 3 
Esperanza 3 3 3 10 10 
Chaca Marin 1 3 5 3 5 
Chaca Marin 2 3 3 5 5 
Chaca Marin 3 0 0 0 25 
Chaca Marin 4 10 25 10 25 
Chaca Marin 5 5 35 5 35 
Chaca Marin 6 5 10 5 10 
Chaca Marin 7 10 20 25 25 
Chaca Marin 8 35 35 15 15 
Chaca Marin 9 25 25 20 25 
Chaca Marin 10 10 10 10 10 
Chaca Marin 11 0 10 25 25 
Chaca Marin 12 10 10 10 10 
Chaca Marin 13 7 8 7 8 
Chaca Marin 14 6 7 6 7 
Chaca Marin 15 18 18 18 18 
Chaca Marin 16 4 4 4 4 
Chaca Marin 17 25 25 25 25 
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Wetland RA # Vegetation Association RA Type 
San Aurelio 16 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 18 SEDGE-SCIRPUS 6-blocks inlet 
San Aurelio 19 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 20 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 21 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 22 SEDGE 5-cross channel 
San Aurelio 23 SEDGE-ELEOCHARIS 2-blocks low margin of depression 
San Aurelio 24 SEDGE-ELEOCHARIS 2-blocks low margin of depression 
San Aurelio 25 SEDGE-ELEOCHARIS 2-blocks low margin of depression 
San Aurelio 26 SEDGE 5-cross channel 
San Aurelio 27 SEDGE-SCIRPUS 5-cross channel 
San Aurelio 28 SEDGE-SCIRPUS 7-magote to magote 
San Aurelio 29 SEDGE-SCIRPUS 4-perp to slope in open wetland 
San Aurelio 30 SEDGE 2-low margin of depression 
San Aurelio 31 DRYGRASS 7-magote to magote 
San Aurelio 32 SEDGE-SCIRPUS 5-cross channel 
Punta Mosquito 1 MUK 8-extends from magote 
Punta Mosquito 2 SEDGE 7-magote to magote 
Punta Mosquito 3 SEDGE 7-magote to magote 
Punta Mosquito 4 SEDGE 7-magote to magote 
Punta Mosquito 5 SEDGE 7-magote to magote 
Punta Mosquito 6 SEDGE 8-extends from magote 
Esperanza 1 SAWGRASS 4-perp to slope in open wetland 
Esperanza 2 TASISTAL 3-Perp to slope in higher areas 
Esperanza 3 TINTAL 3-Perp to slope in higher areas 
Chaca Marin 1 TINTAL 3-Perp to slope in higher areas 
Chaca Marin 2 TINTAL 3-Perp to slope in higher areas 
Chaca Marin 3 SEDGE 4-perp to slope in open wetland 
Chaca Marin 4 SEDGE 4-perp to slope in open wetland 
Chaca Marin 5 SEDGE 4-perp to slope in open wetland 
Chaca Marin 6 SEDGE 6-blocks inlet 
Chaca Marin 7 SEDGE - SCIRPUS 4-perp to slope in open wetland 
Chaca Marin 8 SEDGE - SCIRPUS 4-perp to slope in open wetland 
Chaca Marin 9 BLANQUIZAL 6-blocks inlet 
Chaca Marin 10 SEDGE - SCIRPUS 8-extends from magote 
Chaca Marin 11 DRYGRASS 6-blocks inlet 
Chaca Marin 12 TINTAL 3-Perp to slope in higher areas 
Chaca Marin 13 MUK 7-magote to magote 
Chaca Marin 14 DRYGRASS 7-magote to magote 
Chaca Marin 15 SEDGE 4-perp to slope in open wetland 
Chaca Marin 16 DRYGRASS 4-perp to slope in open wetland 
Chaca Marin 17 SEDGE - SCIRPUS 4-perp to slope in open wetland 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Chaca Marin 18 24 20 40 20 40 boulders 
Chaca Marin 19 19 10 40 10 30 boulders 
Chaca Marin 20 18 10 40 10 30 boulders 
Chaca Marin 21 12 10 30 10 20 boulders 
Chaca Marin 22 8 20 30 10 20 boulders 
Chaca Marin 23 7 10 40 10 30 boulders 
Chaca Marin 24 63 20 50 20 40 boulders 
Chaca Marin 25 21 60 60 45 45 boulders 
Chaca Marin 26 10 10 40 5 27 boulders 
Chaca Marin 27 6 25 25 30 30 boulders 
Chaca Marin 28 13 20 60 23 23 boulders 
Chaca Marin 29 19 20 40 10 40 boulders 
Chaca Marin 31 22 10 45 32 32 boulders 
Chaca Marin 32 6 55 55 17 17 boulders 
Chaca Marin 33 11 100 100 20 20 boulders and slabs 
Chaca Marin 34 7 20 30 20 20 boulders 
Chaca Marin 35 21 10 30 10 20 boulders 
Pichol 1 37 20 50 10 15 boulders 
Pichol 2 11 70 120 10 15 boulders 
Pichol 3 17 100 150 10 20 boulders 
Pichol 4 14 40 70 10 20 boulders 
Pichol 5 6 60 60 25 25 boulders 
Pichol 6 7 10 50 10 20 boulders 
Pichol 7 13 50 50 20 30 boulders 
Pichol 8 3 50 50 10 30 boulders 
Pichol 9 7 50 50 30 30 boulders 
Pichol 10 7 30 50 20 30 boulders 
Pichol 11 9 20 40 10 30 boulders 
Pichol 12 14 100 120 10 40 boulders 
Pichol 13 14 80 120 10 30 boulders 
Pichol 14 19 80 100 10 20 boulders 
Pichol 15 27 50 100 10 30 boulders 
Pichol 16 10 80 150 10 30 boulders 
Pichol 17 12 10 30 10 20 boulders 
Pichol 18 9 10 30 10 30 boulders 
Pichol 19 26 110 140 10 20 boulders 
Pichol 20 18 50 70 10 30 boulders 
Pichol 21 15 40 50 20 30 boulders 
Pichol 22 18 30 50 15 15 boulders 
Pichol 23 16 80 90 15 30 boulders 
Pichol 24 10 100 110 30 40 boulders 
Pichol 25 23 40 100 20 50 boulders 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Chaca Marin 18   1 2 1 3 
Chaca Marin 19   1 1 1 1 
Chaca Marin 20   1 3 1 2 
Chaca Marin 21   1 1 1 1 
Chaca Marin 22   1 1 1 1 
Chaca Marin 23   1 2 1 2 
Chaca Marin 24 20 80 2 3 1 2 
Chaca Marin 25   2 2 1 1 
Chaca Marin 26 13 34 1 2 1 1 
Chaca Marin 27   1 1 1 1 
Chaca Marin 28 15 32 1 2 1 1 
Chaca Marin 29   1 2 2 2 
Chaca Marin 31 10 45 1 3 1 1 
Chaca Marin 32 10 32 1 2 1 1 
Chaca Marin 33 10 46 1 2 1 1 
Chaca Marin 34   1 2 1 1 
Chaca Marin 35   1 2 1 1 
Pichol 1 10 10 4 7 1 1 
Pichol 2 10 20 4 7 1 2 
Pichol 3 20 20 5 10 1 1 
Pichol 4 20 20 4 8 1 1 
Pichol 5 20 30 2 5 1 2 
Pichol 6 10 30 1 3 1 1 
Pichol 7 15 30 2 3 1 1 
Pichol 8 15 25 4 5 1 1 
Pichol 9 20 30 4 4 2 2 
Pichol 10 20 20 2 3 1 2 
Pichol 11 20 40 1 2 1 1 
Pichol 12 30 30 3 4 1 2 
Pichol 13 30 30 4 5 1 2 
Pichol 14 10 30 5 8 1 2 
Pichol 15 20 20 3 6 1 2 
Pichol 16 10 50 4 6 1 2 
Pichol 17 20 30 1 2 1 1 
Pichol 18 20 30 1 1 1 1 
Pichol 19 20 40 1 4 1 1 
Pichol 20 30 40 1 3 1 1 
Pichol 21 20 40 1 2 1 1 
Pichol 22 20 40 1 2 1 1 
Pichol 23 20 70 2 3 1 2 
Pichol 24 40 50 2 4 1 1 
Pichol 25 30 80 2 3 1 2 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Chaca Marin 18 some 4 4 
Chaca Marin 19 most 16 16 
Chaca Marin 20 most 8 8 
Chaca Marin 21 no 2 2 
Chaca Marin 22 no 5 5 
Chaca Marin 23 some 5 5 
Chaca Marin 24 some 10 10 
Chaca Marin 25 some 0 9 
Chaca Marin 26 some 9 9 
Chaca Marin 27 some 7 7 
Chaca Marin 28 some 0 6 
Chaca Marin 29 some   
Chaca Marin 31 some 0 7 
Chaca Marin 32 no 5 5 
Chaca Marin 33 some 0 20 
Chaca Marin 34 some 3 4 
Chaca Marin 35 few 10 15 
Pichol 1 no 25 25 
Pichol 2 no 5 5 
Pichol 3 no 15 15 
Pichol 4 no 3 3 
Pichol 5 no 5 10 
Pichol 6 no 5 10 
Pichol 7 no 15 15 
Pichol 8 no 0 5 
Pichol 9 no 5 5 
Pichol 10 no 15 15 
Pichol 11 no 4 4 
Pichol 12 no 5 10 
Pichol 13 no 0 2 
Pichol 14 no 5 5 
Pichol 15 no 5 5 
Pichol 16 no 5 5 
Pichol 17 no 5 5 
Pichol 18 no 25 25 
Pichol 19 no 13 13 
Pichol 20 no 30 30 
Pichol 21 no 20 20 
Pichol 22 no 50 50 
Pichol 23 no 10 10 
Pichol 24 no 20 20 
Pichol 25 1 35 35 
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Chaca Marin 18 46 46 46 46 
Chaca Marin 19 28 30 28 30 
Chaca Marin 20 25 25 25 25 
Chaca Marin 21 14 14 14 14 
Chaca Marin 22 15 15 15 15 
Chaca Marin 23 25 25 25 25 
Chaca Marin 24 10 10 0 5 
Chaca Marin 25 11 11 11 11 
Chaca Marin 26 11 11 11 11 
Chaca Marin 27 11 11 11 11 
Chaca Marin 28 19 19 19 19 
Chaca Marin 29     
Chaca Marin 31 10 10 20 20 
Chaca Marin 32 17 25 17 25 
Chaca Marin 33     
Chaca Marin 34 12 12 12 12 
Chaca Marin 35 25 25 25 25 
Pichol 1 45 45 15 15 
Pichol 2 5 5 5 5 
Pichol 3 60 60 40 40 
Pichol 4 30 40 50 60 
Pichol 5 5 10 20 20 
Pichol 6 20 20 10 15 
Pichol 7 80 80 60 60 
Pichol 8 25 25 80 80 
Pichol 9 35 35 35 35 
Pichol 10 35 35 35 35 
Pichol 11 20 20 20 20 
Pichol 12 35 35 30 30 
Pichol 13 50 50 125 125 
Pichol 14 25 25 45 45 
Pichol 15 15 20 45 45 
Pichol 16 40 40 60 60 
Pichol 17 20 20 0 0 
Pichol 18 150 150 120 120 
Pichol 19 30 40 30 40 
Pichol 20 20 30 20 30 
Pichol 21 40 70 30 40 
Pichol 22 110 110 80 80 
Pichol 23 35 35 35 35 
Pichol 24 50 50 50 50 
Pichol 25 40 50 80 80 
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Wetland RA # Vegetation Association RA Type 
Chaca Marin 18 DRYGRASS 7-magote to magote 
Chaca Marin 19 SEDGE - SCIRPUS 8-extends from magote 
Chaca Marin 20 SEDGE - SCIRPUS 8-extends from magote 
Chaca Marin 21 SEDGE - SCIRPUS 4-perp to slope in open wetland 
Chaca Marin 22 MUK 3-perp to slope in higher areas 
Chaca Marin 23 MUK 3-perp to slope in higher areas 
Chaca Marin 24 TINTAL 3-perp to slope in higher areas 
Chaca Marin 25 SEDGE 4-perp to slope in open wetland 
Chaca Marin 26 SEDGE 4-perp to slope in open wetland 
Chaca Marin 27 SEDGE 4-perp to slope in open wetland 
Chaca Marin 28 SEDGE 4-perp to slope in open wetland 
Chaca Marin 29 DRYGRASS 7-magote to magote 
Chaca Marin 31 SEDGE 8-extends from magote 
Chaca Marin 32 SEDGE 8-extends from magote 
Chaca Marin 33 SEDGE 8-extends from magote 
Chaca Marin 34 TINTAL 3-perp to slope in higher areas 
Chaca Marin 35 SEDGE 8-extends from magote 
Pichol 1 VINE 7-magote to magote 
Pichol 2 SAWGRASS 7-magote to magote 
Pichol 3 VINE 7-magote to magote 
Pichol 4 VINE 8-extends from magote 
Pichol 5 VINE 7-magote to magote 
Pichol 6 VINE 7-magote to magote 
Pichol 7 SEDGE - SCIRPUS 7-magote to magote 
Pichol 8 MUK 7-magote to magote 
Pichol 9 MUK 7-magote to magote 
Pichol 10 SEDGE 7-magote to magote 
Pichol 11 SEDGE 7-magote to magote 
Pichol 12 SEDGE 7-magote to magote 
Pichol 13 SEDGE 7-magote to magote 
Pichol 14 SEDGE 7-magote to magote 
Pichol 15 SEDGE 7-magote to magote 
Pichol 16 SEDGE 7-magote to magote 
Pichol 17 SEDGE 7-magote to magote 
Pichol 18 PEAT BOG 7-magote to magote 
Pichol 19 SEDGE - SCIRPUS 7-magote to magote 
Pichol 20 SEDGE - SCIRPUS 7-magote to magote 
Pichol 21 SEDGE - SCIRPUS 7-magote to magote 
Pichol 22 SEDGE - ELEOCHARIS 8-extends from magote 
Pichol 23 SEDGE - ELEOCHARIS 7-magote to magote 
Pichol 24 SEDGE - ELEOCHARIS 7-magote to magote 
Pichol 25 SEDGE - ELEOCHARIS 7-magote to magote 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Pichol 26 12 50 100 20 40 boulders and slabs 
Pichol 27 16 40 80 20 30 boulders 
Pichol 28 10 70 70 30 30 boulders 
Pichol 29 5 70 70 10 30 boulders 
Pichol 30 13 30 50 20 20 boulders 
Pichol 31 14 20 20 20 20 boulders 
Pichol 32 24 100 120 40 40 boulders 
Pichol 33 8 80 100 30 40 boulders 
Pichol 34 2 60 130 20 30 boulders 
Pichol 35 7 150 180 30 40 boulders 
Pichol 36 28 40 40 30 40 boulders 
Pichol 37 14 100 100 20 30 boulers 
Pichol 38 16 50 50 30 30 boulders 
Pichol 39 18 60 80 10 30 boulders 
Pichol 40 22 60 60 10 20 boulders 
Pichol 41 11 40 80 10 30 boulders 
Pichol 42 15 70 100 10 30 boulders 
Pichol 43 54 40 50 10 30 boulders 
Pichol 44 27 70 80 30 40 boulders 
Pichol 45 11 30 30 20 20 boulders 
Pichol 46 12 40 100 30 40 boulders 
Pichol 47 12 30 40 10 20 boulders 
Pichol 48 13 80 80 30 40 boulders 
Pichol 49 11 80 110 30 30 boulders 
Pichol 50 2 80 100 10 30 boulders 
Pichol 51 6 90 90 20 30 boulders 
Pichol 52 10 70 70 10 20 boulders 
Pichol 53 4 80 100 30 30 boulders 
Pichol 54 7 80 100 20 30 boulders 
Bekechakal 1 6 30 40 10 30 boulders and slabs 
Bekechakal 2 7 20 30 20 20 boulders 
Bekechakal 3 9 70 70 30 30 boulders 
Bekechakal 4 11 40 70 20 30 boulders 
Bekechakal 5 7 60 70 20 40 boulders 
Bekechakal 6 41 50 80 40 40 boulders 
Bekechakal 7 17 100 100 30 50 boulders 
Bekechakal 8 17 100 100 20 40 boulders 
Bekechakal 9 6 20 40 10 10 boulders 
Bekechakal 10 8 40 50 10 30 boulders 
Bekechakal 11 14 40 70 20 45 boulders 
Bekechakal 12 10 50 90 30 50 boulders 
Bekechakal 13 7 60 100 20 20 boulders 



650 

 
    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Pichol 26 10 70 2 5 1 2 
Pichol 27 20 40 2 2 1 1 
Pichol 28 20 40 2 3 1 1 
Pichol 29 20 30 2 3 1 1 
Pichol 30 20 20 1 2 1 1 
Pichol 31 20 20 1 1 1 1 
Pichol 32 20 40 5 6 2 3 
Pichol 33 20 40 3 4 1 1 
Pichol 34 10 40 4 4 1 1 
Pichol 35 15 50 6 6 2 2 
Pichol 36 30 50 1 1 1 1 
Pichol 37 10 30 5 5 1 2 
Pichol 38 10 40 1 2 1 1 
Pichol 39 10 30 1 3 1 1 
Pichol 40 20 25 2 2 1 1 
Pichol 41 10 40 1 4 1 1 
Pichol 42 10 40 2 4 1 1 
Pichol 43 10 40 2 2 1 1 
Pichol 44 40 80 2 3 1 1 
Pichol 45 20 40 1 1 1 1 
Pichol 46 20 20 2 4 2 2 
Pichol 47 25 40 1 2 1 1 
Pichol 48 30 80 1 2 1 1 
Pichol 49 10 40 4 5 2 2 
Pichol 50 10 30 3 5 1 1 
Pichol 51 10 30 4 5 1 1 
Pichol 52 10 30 3 3 1 1 
Pichol 53 10 40 4 5 2 2 
Pichol 54 20 40 4 4 1 1 
Bekechakal 1 30 40 1 1 2 2 
Bekechakal 2 20 40 1 1 1 1 
Bekechakal 3 20 30 2 3 1 2 
Bekechakal 4 10 30 2 3 1 2 
Bekechakal 5 20 50 2 3 1 1 
Bekechakal 6 30 60 2 4 1 2 
Bekechakal 7 30 80 2 3 1 2 
Bekechakal 8 20 40 2 4 1 2 
Bekechakal 9 10 20 1 2 1 1 
Bekechakal 10 20 40 2 2 1 1 
Bekechakal 11 20 50 1 3 1 2 
Bekechakal 12 20 50 2 3 1 1 
Bekechakal 13 10 20 2 5 1 1 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Pichol 26 some 10 10 
Pichol 27 no 10 20 
Pichol 28 no 10 10 
Pichol 29 no 0 5 
Pichol 30 no 15 15 
Pichol 31 no 15 15 
Pichol 32 no 0 10 
Pichol 33 no 5 5 
Pichol 34 no 5 10 
Pichol 35 no 5 5 
Pichol 36 1 10 15 
Pichol 37 no 5 5 
Pichol 38 no 20 20 
Pichol 39 no 5 5 
Pichol 40 no 18 18 
Pichol 41 no 5 5 
Pichol 42 no 18 20 
Pichol 43 no 10 10 
Pichol 44 1 5 10 
Pichol 45 no 30 30 
Pichol 46 no 7 7 
Pichol 47 no 5 5 
Pichol 48 no 18 18 
Pichol 49 no 3 3 
Pichol 50 no 12 12 
Pichol 51 no 5 5 
Pichol 52 no 15 15 
Pichol 53 no 5 5 
Pichol 54 no 10 10 
Bekechakal 1 no 50 50 
Bekechakal 2 no 20 20 
Bekechakal 3 no 22 22 
Bekechakal 4 no 5 5 
Bekechakal 5 no 25 25 
Bekechakal 6 a few 0 5 
Bekechakal 7 no 5 5 
Bekechakal 8 no 2 2 
Bekechakal 9 no 10 10 
Bekechakal 10 no 7 7 
Bekechakal 11 1 or 2 18 18 
Bekechakal 12 1 or 2 0 5 
Bekechakal 13 no 7 7 
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Pichol 26 42 42 10 30 
Pichol 27 10 15 30 30 
Pichol 28 10 15 10 15 
Pichol 29 5 5 5 5 
Pichol 30 15 15 15 15 
Pichol 31 15 15 15 15 
Pichol 32 30 60 30 60 
Pichol 33 5 10 5 10 
Pichol 34 5 10 20 30 
Pichol 35 20 30 30 30 
Pichol 36 20 30 30 30 
Pichol 37 20 20 30 30 
Pichol 38 35 35 35 35 
Pichol 39 10 10 10 10 
Pichol 40 20 20 20 20 
Pichol 41 10 10 10 10 
Pichol 42 30 30 30 30 
Pichol 43 55 55 10 15 
Pichol 44 30 30 30 30 
Pichol 45 30 40 30 40 
Pichol 46 25 25 25 40 
Pichol 47 30 30 50 75 
Pichol 48 60 60 60 85 
Pichol 49 63 63 40 40 
Pichol 50 35 35 25 25 
Pichol 51 5 10 15 20 
Pichol 52 40 70 15 20 
Pichol 53 60 60 40 40 
Pichol 54 17 17 17 17 
Bekechakal 1 105 105 75 75 
Bekechakal 2 70 70 65 65 
Bekechakal 3 5 5 30 30 
Bekechakal 4 30 30 30 30 
Bekechakal 5 80 80 45 45 
Bekechakal 6 10 10 15 15 
Bekechakal 7 25 25 40 40 
Bekechakal 8 30 50 15 15 
Bekechakal 9 35 35 40 40 
Bekechakal 10 10 10 15 15 
Bekechakal 11 25 25 50 50 
Bekechakal 12 20 20 7 7 
Bekechakal 13 35 35 30 30 
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Wetland RA # Vegetation Association RA Type 
Pichol 26 VINE 7-magote to magote 
Pichol 27 SEDGE - SCIRPUS 7-magote to magote 
Pichol 28 VINE 7-magote to magote 
Pichol 29 VINE 8-extends from magote 
Pichol 30 VINE 7-magote to magote 
Pichol 31 VINE 7-magote to magote 
Pichol 32 SEDGE - SCIRPUS 7-magote to magote 
Pichol 33 TINTAL 9-atop magotes 
Pichol 34 TINTAL 9-atop magotes 
Pichol 35 MUK 7-magote to magote 
Pichol 36 SEDGE - SCIRPUS 7-magote to magote 
Pichol 37 VINE 7-magote to magote 
Pichol 38 SEDGE - SCIRPUS 7-magote to magote 
Pichol 39 VINE 7-magote to magote 
Pichol 40 VINE 7-magote to magote 
Pichol 41 VINE 7-magote to magote 
Pichol 42 VINE 8-extends from magote 
Pichol 43 VINE 7-magote to magote 
Pichol 44 SAWGRASS 8-extends from magote 
Pichol 45 SAWGRASS 8-extends from magote 
Pichol 46 SAWGRASS 7-magote to magote 
Pichol 47 VINE 7-magote to magote 
Pichol 48 SEDGE - SCIRPUS 7-magote to magote 
Pichol 49 MUK 7-magote to magote 
Pichol 50 VINE 7-magote to magote 
Pichol 51 Muk 7-magote to magote 
Pichol 52 VINE 7-magote to magote 
Pichol 53 MUK 7-magote to magote 
Pichol 54 TINTAL 7-magote to magote 
Bekechakal 1 SEDGE - ELEOCHARIS 5-cross channel 
Bekechakal 2 SEDGE - SCIRPUS 5-cross channel 
Bekechakal 3 TASISTAL 7-magote to magote 
Bekechakal 4 VINE 7-magote to magote 
Bekechakal 5 SEDGE - ELEOCHARIS 7-magote to magote 
Bekechakal 6 SEDGE 7-magote to magote 
Bekechakal 7 SEDGE - ELEOCHARIS 7-magote to magote 
Bekechakal 8 SEDGE - SCIRPUS 7-magote to magote 
Bekechakal 9 SEDGE - SCIRPUS 7-magote to magote 
Bekechakal 10 DRYGRASS 7-magote to magote 
Bekechakal 11 VINE 7-magote to magote 
Bekechakal 12 SEDGE 7-magote to magote 
Bekechakal 13 SEDGE - SCIRPUS 7-magote to magote 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Bekechakal 14 19 30 50 0 30 boulders 
Bekechakal 15 6 30 50 20 30 boulders 
Xpalma 1 8 30 50 20 30 boulders 
Xpalma 2 12 30 40 30 40 boulders 
Xpalma 3 22 30 50 30 30 boulders 
Xpalma 4 19     boulders 
Xpalma 5 12 30 50 30 40 boulders 
Xpalma 6 17 30 50 30 40 boulders 
Xpalma 7 11 30 50 30 40 boulders 
Xpalma 8 12 30 50 30 40 boulders 
Xpalma 9 41 150 250 40 40 boulders 
Xpalma 10 5 20 30 20 30 boulders 
Xpalma 11 22 20 30 10 30 boulders 
Xpalma 12 17 20 30 10 30 boulders 
Xpalma 13 66 60 100 30 40 boulders 
Xpalma 14 8 30 30 30 30 boulders 
Xpalma 15 14 30 30 30 30 boulders 
Providencia 1 30 60 60 30 30 boulders 
Corchal 1 21 30 40 20 40 boulders 
Corchal 2 24 20 40 10 25 boulders 
Corchal 3 11     boulders and slabs 
Corchal 4 37 20 60 20 30 boulders 
Corchal 5 49 20 50 10 40 boulders 
Corchal 6 9 40 40 30 30 boulders 
Corchal 7 17 20 77 37 37 boulders and slabs 
Corchal 8 37 20 30 10 30 boulders 
Corchal 9 33 70 70 50 50 boulders and slabs 
Corchal 10 18 60 60 30 30 slabs 
Corchal 11 116 30 50 20 40 boulders and slabs 
Corchal 12 20 10 60 10 30 boulders 
Corchal 13 206 50 80 20 40 boulders and slabs 
Corchal 14 113 40 70 30 50 boulders and slabs 
Corchal 15 14 40 50 30 40 boulders and slabs 
Corchal 16 8 30 40 20 20 boulders 
Corchal 17 17 20 40 30 30 boulders 
Corchal 18 14 30 50 30 40 boulders 
Corchal 19 15 30 50 30 40 boulders 
Corchal 20 178 50 80 30 40 boulders and slabs 
Corchal 21 35 30 40 30 50 boulders and slabs 
Corchal 22 23      
Corchal 23 20 20 30 10 20 boulders and slabs 
Corchal 24 17 30 50 10 30 boulders and slabs 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Bekechakal 14 30 40 1 2 1 1 
Bekechakal 15 20 40 1 2 1 1 
Xpalma 1 20 40 1 2 1 1 
Xpalma 2 30 40 1 1 1 1 
Xpalma 3 30 60 1 1 1 1 
Xpalma 4 10 50 1 1 1 1 
Xpalma 5 30 50 1 2 1 2 
Xpalma 6 30 50 1 2 1 2 
Xpalma 7 30 50 1 2 1 2 
Xpalma 8 30 50 1 2 1 2 
Xpalma 9 10 60 4 8 2 5 
Xpalma 10 10 40 1 1 1 1 
Xpalma 11 20 30 1 1 1 1 
Xpalma 12 20 30 1 1 1 1 
Xpalma 13 20 70 2 4 1 2 
Xpalma 14 30 40 1 1 1 1 
Xpalma 15 30 30 1 1 1 1 
Providencia 1 20 40 1 2 1 1 
Corchal 1 15 40 2 3 1 2 
Corchal 2 20 50 1 1 1 1 
Corchal 3 20 40 1 2 1 1 
Corchal 4 20 60 2 3 1 3 
Corchal 5 20 50 1 3 2 3 
Corchal 6 25 25 1 1 1 1 
Corchal 7 37 37 1 2 1 1 
Corchal 8 20 50 1 1 1 1 
Corchal 9 40 70 1 2 1 1 
Corchal 10 30 60 1 1 1 1 
Corchal 11 30 60 2 3 1 2 
Corchal 12 10 70 1 2 1 1 
Corchal 13 20 100 1 2 1 1 
Corchal 14 30 90 1 3 1 2 
Corchal 15 30 60 2 2 1 1 
Corchal 16 20 30 1 1 1 1 
Corchal 17 30 50 1 2 1 1 
Corchal 18 20 40 1 2 1 1 
Corchal 19 20 40 1 2 1 1 
Corchal 20 30 50 3 3 1 2 
Corchal 21 30 50 1 2 1 1 
Corchal 22       
Corchal 23 10 40 1 1 1 1 
Corchal 24 30 60 1 1 1 1 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Bekechakal 14 a few 35 35 
Bekechakal 15 1 or 2 10 10 
Xpalma 1 no 0 0 
Xpalma 2 no 15 100 
Xpalma 3 a few 0 0 
Xpalma 4 no 10 10 
Xpalma 5 no 10 10 
Xpalma 6 no 10 10 
Xpalma 7 no 10 10 
Xpalma 8 no 10 10 
Xpalma 9 no 5 5 
Xpalma 10 some 0 0 
Xpalma 11 some 10 10 
Xpalma 12 some 10 10 
Xpalma 13 some 5 5 
Xpalma 14 no 5 10 
Xpalma 15 no 0 0 
Providencia 1 no 2 5 
Corchal 1 no 5 5 
Corchal 2 no 10 10 
Corchal 3 no 0 10 
Corchal 4 no 0 0 
Corchal 5 a few 10 10 
Corchal 6 no 20 20 
Corchal 7 some 0 5 
Corchal 8 no 8 8 
Corchal 9 some 0 10 
Corchal 10 some 0 5 
Corchal 11  0 5 
Corchal 12  40 40 
Corchal 13 a few   
Corchal 14 a few 5 10 
Corchal 15 1 2 4 
Corchal 16  0 0 
Corchal 17  0 0 
Corchal 18 no 0 0 
Corchal 19  0 0 
Corchal 20  0 15 
Corchal 21  0 10 
Corchal 22    
Corchal 23  12 12 
Corchal 24 a few 5 10 
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  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Bekechakal 14 70 70 47 47 
Bekechakal 15 60 70 60 70 
Xpalma 1 40 70 30 30 
Xpalma 2 50 50 20 30 
Xpalma 3 17 17 3 3 
Xpalma 4 20 25 20 25 
Xpalma 5 15 15 15 15 
Xpalma 6 15 15 15 15 
Xpalma 7 15 15 15 15 
Xpalma 8 15 15 15 15 
Xpalma 9 15 30 15 30 
Xpalma 10 10 10 15 15 
Xpalma 11 10 10 30 30 
Xpalma 12 10 10 30 30 
Xpalma 13 20 20 10 15 
Xpalma 14 25 25 35 40 
Xpalma 15 15 15 15 15 
Providencia 1 2 5 2 7 
Corchal 1 20 20 43 43 
Corchal 2 85 85 125 125 
Corchal 3 60 60 15 20 
Corchal 4 35 35 20 20 
Corchal 5 10 10 60 60 
Corchal 6 10 10 10 10 
Corchal 7 7 7 11 11 
Corchal 8 10 10 50 50 
Corchal 9 40 40 45 45 
Corchal 10 35 35 40 40 
Corchal 11 15 15 15 15 
Corchal 12 27 27 35 35 
Corchal 13 50 60 50 50 
Corchal 14 5 15 5 15 
Corchal 15 30 30 30 30 
Corchal 16 10 30 10 30 
Corchal 17 20 40 20 40 
Corchal 18 3 5 3 5 
Corchal 19 3 5 3 5 
Corchal 20 0 0 0 10 
Corchal 21 20 20 40 40 
Corchal 22     
Corchal 23 70 70 40 120 
Corchal 24 40 40 40 40 
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Wetland RA # Vegetation Association RA Type 
Bekechakal 14 SEDGE - ELEOCHARIS 7-magote to magote 
Bekechakal 15 MUK 8-extends from magote 
Xpalma 1 HERBACEOUS 4-perp to slope in open wetland 
Xpalma 2 HERBACEOUS 4-perp to slope in open wetland 
Xpalma 3 MUK 10-on bank at wetland edge 
Xpalma 4 SEDGE-SCIRPUS 10-on bank at wetland edge 
Xpalma 5 SEDGE-SCIRPUS 5-cross channel 
Xpalma 6 SEDGE-SCIRPUS 5-cross channel 
Xpalma 7 SEDGE-SCIRPUS 5-cross channel 
Xpalma 8 SEDGE-SCIRPUS 5-cross channel 
Xpalma 9 MUK 5-cross channel 
Xpalma 10 MUK 10-on bank at wetland edge 
Xpalma 11 MUK 10-on bank at wetland edge 
Xpalma 12 MUK 10-on bank at wetland edge 
Xpalma 13 SEDGE-SCIRPUS 7-magote to magote 
Xpalma 14 HERBACEOUS 6-blocks inlet 
Xpalma 15 SEDGE-SCIRPUS 6-blocks inlet 
Providencia 1 MUK 3-perp to slope in higher areas 
Corchal 1 SEDGE - ELEOCHARIS 6-blocks inlet 
Corchal 2 SEDGE - ELEOCHARIS 6-blocks inlet 
Corchal 3 MUK 3-perp to slope in higher areas 
Corchal 4 SEDGE 4-perp to slope in open wetland 
Corchal 5 SEDGE 4-perp to slope in open wetland 
Corchal 6 SEDGE 4-perp to slope in open wetland 
Corchal 7 MUK 7-magote to magote 
Corchal 8 SEDGE - ELEOCHARIS 6-blocks inlet 
Corchal 9 SEDGE 5-cross channel 
Corchal 10 SEDGE - ELEOCHARIS 7-magote to magote 
Corchal 11 SAWGRASS 1-long 
Corchal 12 SEDGE - ELEOCHARIS 4-perp to slope in open wetland 
Corchal 13 SEDGE - ELEOCHARIS 1-long 
Corchal 14 MUK 3-perp to slope in higher areas 
Corchal 15 SEDGE - ELEOCHARIS 5-cross channel 
Corchal 16 SEDGE 5-cross channel 
Corchal 17 SEDGE 5-cross channel 
Corchal 18 DRYGRASS 7-magote to magote 
Corchal 19 TINTAL 7-magote to magote 
Corchal 20 SAWGRASS 1-long 
Corchal 21 SAWGRASS 3-perp to slope in higher areas 
Corchal 22 SEDGE - ELEOCHARIS 4-perp to slope in open wetland 
Corchal 23 SAWGRASS 4-perp to slope in open wetland 
Corchal 24 SEDGE - ELEOCHARIS 4-perp to slope in open wetland 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Corchal 25 8 30 30 20 20 boulders 
Corchal 27 6 20 20 10 10 boulders 
Corchal 28 23 30 80 10 30 boulders 
Corchal 29 7 20 30 10 30 boulders 
Corchal 30 43 20 50 20 40 boulders and slabs 
Corchal 35 42 50 60 20 40 boulders 
Corchal 36 17 40 40 30 30 boulders 
Corchal 37 17 30 50 30 30 boulders 
Corchal 38 95 100 100 40 50 boulders 
Corchal 39 11 70 100 30 40 boulders and slabs 
Corchal 41 15 30 40 20 20 boulders 
Corchal 42 10 30 40 21 21 boulders 
Corchal 43 127 40 80 20 40 boulders and slabs 
Corchal 45 59 30 110 30 40 boulders 
Corchal 47 10 40 50 10 30 boulders and slabs 
Corchal 48 28 50 50 30 40 boulders 
Corchal 49 72 60 80 30 50 boulders and slabs 
Corchal 51 19 30 30 20 20 boulders 
Corchal 52 28 20 30 15 15 boulders 
Corchal 53 13 40 40 20 30 boulders 
Corchal 54 8 30 30 10 10 boulders 
Corchal 55 11 30 30 20 20 boulders 
Corchal 56 6 40 40 10 30 boulders 
Corchal 57 10 30 40 30 30 boulders 
Corchal 58 39 40 40 30 50 boulders and slabs 
Corchal 59 5 20 40 10 20 boulders and slabs 
Corchal 60 10 30 80 40 40 boulders and slabs 
Corchal 61 33 30 50 20 40 boulders and slabs 
Corchal 62 35 40 80 30 50 boulders and slabs 
Corchal 63 13 40 40 20 30 boulders and slabs 
Corchal 64 14 30 60 20 30 boulders and slabs 
Corchal 65 4 30 30 20 40 boulders and slabs 
Corchal 66 26 50 70 30 60 boulders and slabs 
Corchal 67 47 50 110 20 50 boulders and slabs 
Corchal 68 21 40 80 20 50 boulders and slabs 
Corchal 69 117 40 80 20 50 boulders and slabs 
Corchal 70 31 30 50 10 30 boulders 
Corchal 71 105 30 110 20 40 boulders 
Corchal 72 18 40 70 30 40 boulders and slabs 
Corchal 73 25 40 40 20 30 boulders 
Corchal 74 5 30 40 10 20 boulders 
Corchal 75 13 30 40 20 50 boulders and slabs 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Corchal 25 20 40 1 1 1 1 
Corchal 27 20 40 1 1 1 1 
Corchal 28 30 70 1 3 1 2 
Corchal 29 20 30 1 1 1 1 
Corchal 30 20 50 1 2 1 1 
Corchal 35 30 50 2 2 1 1 
Corchal 36 20 50 2 2 1 1 
Corchal 37 30 50 1 2 1 1 
Corchal 38 30 60 3 4 2 2 
Corchal 39 30 80 1 2 1 1 
Corchal 41   1 2 1 1 
Corchal 42   1 3 2 2 
Corchal 43 30 90 1 2 1 1 
Corchal 45 30 100 2 2 1 1 
Corchal 47 30 50 1 2 1 1 
Corchal 48 40 70 2 3 1 2 
Corchal 49 40 50 3 4 1 2 
Corchal 51 20 30 1 1 1 1 
Corchal 52 10 30 1 1 1 1 
Corchal 53 40 60 1 1 1 1 
Corchal 54 10 20 1 1 1 1 
Corchal 55 10 30 1 1 1 1 
Corchal 56 30 50 1 1 1 1 
Corchal 57 20 30 1 2 1 1 
Corchal 58 30 60 1 1 1 1 
Corchal 59 30 50 1 1 1 1 
Corchal 60 40 70 1 2 1 1 
Corchal 61 30 70 1 2 1 1 
Corchal 62 20 100 2 2 1 1 
Corchal 63 30 60 1 2 1 1 
Corchal 64 30 50 1 2 1 1 
Corchal 65 30 40 1 1 1 1 
Corchal 66 30 60 2 2 1 2 
Corchal 67 30 70 2 4 1 2 
Corchal 68 30 80 2 3 1 2 
Corchal 69 30 90 1 2 1 2 
Corchal 70 10 40 1 2 1 1 
Corchal 71 30 70 1 4 1 2 
Corchal 72 20 80 1 3 1 2 
Corchal 73 20 40 1 2 1 1 
Corchal 74 20 30 1 2 1 1 
Corchal 75 30 50 1 1 1 1 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Corchal 25 no 5 10 
Corchal 27 no 10 20 
Corchal 28 no 0 5 
Corchal 29 1 5 15 
Corchal 30 a few 5 20 
Corchal 35  0 5 
Corchal 36  5 10 
Corchal 37  2 4 
Corchal 38    
Corchal 39  10 10 
Corchal 41 no   
Corchal 42 no   
Corchal 43  5 5 
Corchal 45  0 10 
Corchal 47  10 10 
Corchal 48  0 0 
Corchal 49  0 0 
Corchal 51  0 5 
Corchal 52  0 5 
Corchal 53  15 30 
Corchal 54  0 0 
Corchal 55 no 0 5 
Corchal 56 some 0 5 
Corchal 57 no 5 20 
Corchal 58 many 0 0 
Corchal 59 no 5 10 
Corchal 60 half are 0 5 
Corchal 61 no 0 0 
Corchal 62 a few 0 0 
Corchal 63 a few 0 0 
Corchal 64 a few 0 5 
Corchal 65 almost all 0 5 
Corchal 66 several 0 5 
Corchal 67 several 0 5 
Corchal 68 1 or 2 0 10 
Corchal 69 several 5 10 
Corchal 70 no 20 20 
Corchal 71 no 3 10 
Corchal 72 a few 0 0 
Corchal 73 no 0 10 
Corchal 74 no 0 0 
Corchal 75 a few 0 10 



662 

 
  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Corchal 25 5 20 5 20 
Corchal 27 5 10 5 10 
Corchal 28 30 60 30 60 
Corchal 29 5 10 5 10 
Corchal 30 20 30 20 30 
Corchal 35 40 60 40 60 
Corchal 36 5 5 40 60 
Corchal 37 40 60 40 60 
Corchal 38 30 70 30 70 
Corchal 39 15 15 55 55 
Corchal 41     
Corchal 42     
Corchal 43 40 50 40 50 
Corchal 45 10 10 10 10 
Corchal 47 80 80 10 10 
Corchal 48 10 20 10 20 
Corchal 49 15 20 3 5 
Corchal 51 55 55 3 5 
Corchal 52 5 5 5 5 
Corchal 53 10 30 60 70 
Corchal 54 30 50 30 50 
Corchal 55 20 50 20 50 
Corchal 56 20 50 20 50 
Corchal 57 35 60 50 60 
Corchal 58 5 10 5 10 
Corchal 59 20 20 40 40 
Corchal 60 0 5 0 5 
Corchal 61 0 3 0 3 
Corchal 62 5 5 10 20 
Corchal 63 0 5 0 5 
Corchal 64 5 5 5 5 
Corchal 65 5 5 5 5 
Corchal 66 0 0 0 0 
Corchal 67 0 5 0 5 
Corchal 68 20 20 60 60 
Corchal 69 10 20 10 20 
Corchal 70 15 15 20 20 
Corchal 71 10 10 15 15 
Corchal 72 0 0 0 0 
Corchal 73 30 30 70 70 
Corchal 74 5 5 5 5 
Corchal 75 0 5 50 50 
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Wetland RA # Vegetation Association RA Type 
Corchal 25 SEDGE - ELEOCHARIS 4-perp to slope in open wetland 
Corchal 27 SEDGE 4-perp to slope in open wetland 
Corchal 28 MUK 3-perp to slope in higher areas 
Corchal 29 SAWGRASS 4-perp to slope in open wetland 
Corchal 30 SAWGRASS 4-perp to slope in open wetland 
Corchal 35 SAWGRASS 7-magote to magote 
Corchal 36 SEDGE - Scirpus 2-blocks low margin of depression 
Corchal 37 MUK 7-magote to magote 
Corchal 38 SAWGRASS 1-long 
Corchal 39 SEDGE - ELEOCHARIS 5-cross channel 
Corchal 41 SEDGE - ELEOCHARIS 7-magote to magote 
Corchal 42 SEDGE - ELEOCHARIS 8-extends from magote 
Corchal 43 SEDGE - ELEOCHARIS 1-long 
Corchal 45 SEDGE 1-long 
Corchal 47 SEDGE - ELEOCHARIS 6-blocks inlet 
Corchal 48 SAWGRASS 8-extends from magote 
Corchal 49 MUK 7-magote to magote 
Corchal 51 SEDGE - Scirpus 2-blocks low margin of depression 
Corchal 52 MUK 8-extends from magote 
Corchal 53 SEDGE 8-extends from magote 
Corchal 54 SEDGE - ELEOCHARIS 2-blocks low margin of depression 
Corchal 55 MUK 7-magote to magote 
Corchal 56 SEDGE 8-extends from magote 
Corchal 57 Sedge - Scirpus 7-magote to magote 
Corchal 58 MUK 3-perp to slope in higher areas 
Corchal 59 SEDGE - ELEOCHARIS 4-perp to slope in open wetland 
Corchal 60 SEDGE 6-blocks inlet 
Corchal 61 MUK 3-perp to slope in higher areas 
Corchal 62 TINTAL 3-perp to slope in higher areas 
Corchal 63 MUK 3-perp to slope in higher areas 
Corchal 64 MUK 3-perp to slope in higher areas 
Corchal 65 MUK 10-on bank at wetland edge 
Corchal 66 MUK 3-perp to slope in higher areas 
Corchal 67 TINTAL 3-perp to slope in higher areas 
Corchal 68 SEDGE - ELEOCHARIS 6-blocks inlet 
Corchal 69 SAWGRASS 1-long 
Corchal 70 SEDGE 7-magote to magote 
Corchal 71 SAWGRASS 1-long 
Corchal 72 MUK 7-magote to magote 
Corchal 73 SEDGE - ELEOCHARIS 6-blocks inlet 
Corchal 74 SEDGE 2-blocks low margin of depression 
Corchal 75 SEDGE 2-blocks low margin of depression 
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   Width Width Height Height  
  Length MIN MAX MIN MAX  
Wetland RA # (m) (cm) (cm) (cm) (cm) Stone Type 
Corchal 76 18 30 40 20 50 boulders and slabs 
Corchal 77 28 40 70 20 60 boulders and slabs 
Corchal 78 6 40 60 10 30 slabs 
Corchal 79 16 30 40 20 30 boulders and slabs 
Corchal 80 2 30 40 20 40 slabs 
Corchal 81 11 40 80 20 45 boulders and slabs 
Corchal 82 9 40 50 30 30 boulders and slabs 
Corchal 83 11 40 50 30 30 boulders and slabs 
Corchal 84 10 40 60 20 40 boulders and slabs 
Corchal 85 7 30 40 30 40 boulders 
Corchal 86 7 50 80 20 40 boulders and slabs 
Corchal 87 6 70 90 20 40 boulders and slabs 
Corchal 88 94 40 140 30 80 boulders and slabs 
Corchal 89 18 30 40 30 50 boulders and slabs 
Corchal 90 43 20 60 10 40 boulders and slabs 
Corchal 91 12 20 50 20 40 boulders 
Corchal 92 6 30 50 10 40 boulders and slabs 
Corchal 93 5 30 40 20 30 boulders 
Corchal 94 4 20 20 5 20 boulders 
Corchal 95 140 40 80 30 50 boulders and slabs 
Rio Turbia Enclosure 1 30 70 30 30 boulders 
Rio Turbia Enclosure 2 50 50 30 40 boulders 
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    Courses Courses Courses Courses 
  Stone Size Stone Size Wide Wide High High 
Wetland RA # MIN (cm) MAX (cm) MIN MAX MIN MAX 
Corchal 76 30 50 1 1 1 1 
Corchal 77 10 100 1 2 1 2 
Corchal 78 30 50 1 2 1 1 
Corchal 79 30 90 1 2 1 1 
Corchal 80 30 60 1 2 1 2 
Corchal 81 30 70 1 2 1 2 
Corchal 82 30 70 1 2 1 1 
Corchal 83 30 70 1 1 1 1 
Corchal 84 30 70 1 2 1 2 
Corchal 85 30 50 1 1 1 2 
Corchal 86 20 90 1 2 1 1 
Corchal 87 30 70 2 2 1 2 
Corchal 88 40 90 2 3 1 3 
Corchal 89 30 100 1 2 1 1 
Corchal 90 20 50 1 3 1 2 
Corchal 91 30 50 1 1 1 1 
Corchal 92 30 50 1 1 1 1 
Corchal 93 40 70 1 1 1 1 
Corchal 94 20 40 1 1 1 1 
Corchal 95 30 70 2 3 1 2 
Rio Turbia Encl 1 20 60 1 4 1 2 
Rio Turbia Encl 2  20 50 1 2 1 1 
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   Soil Depth at Soil Depth at 
   Base of RA Base of RA 
Wetland RA # Upended? MIN (cm) MAX (cm) 
Corchal 76 no 0 0 
Corchal 77 several 0 0 
Corchal 78 all flat 0 0 
Corchal 79 no 0 0 
Corchal 80 no 0 0 
Corchal 81 a few 0 0 
Corchal 82 no 0 0 
Corchal 83 no 0 0 
Corchal 84 1 is 0 8 
Corchal 85 a few 0 10 
Corchal 86 no 0 15 
Corchal 87 a few 0 0 
Corchal 88 several 10 10 
Corchal 89 some 0 5 
Corchal 90 a few 0 3 
Corchal 91 no 7 7 
Corchal 92 2 are 5 5 
Corchal 93 2 are 3 3 
Corchal 94 no 24 24 
Corchal 95 a few 5 15 
Rio Turbia Encl 1 no 3 3 
Rio Turbia Encl 2  a few 0 0 
 



667 

 
  Soil Depth Soil Depth Soil Depth Soil Depth 
  Within 10m: Within 10m: Within 10m: Within 10m: Side 
Wetland RA # Side 1 Min (cm) Side 1 Max (cm) Side 2 Min (cm) 2 Max (cm) 
Corchal 76 50 50 25 25 
Corchal 77 25 40 25 50 
Corchal 78 0 0 0 0 
Corchal 79 0 0 0 0 
Corchal 80 0 0 0 0 
Corchal 81 0 10 0 10 
Corchal 82 0 0 0 0 
Corchal 83 0 0 0 0 
Corchal 84 10 10 3 3 
Corchal 85 0 10 0 10 
Corchal 86 20 20 20 20 
Corchal 87 10 10 100 100 
Corchal 88 17 17 17 17 
Corchal 89 0 10 0 10 
Corchal 90 10 18 10 18 
Corchal 91 12 12 18 18 
Corchal 92 50 50 5 10 
Corchal 93 35 35 40 40 
Corchal 94 40 40 20 20 
Corchal 95 10 10 10 10 
Rio Turbia Encl 1 10 15 10 15 
Rio Turbia Encl 2 10 20 3 5 
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Wetland RA # Vegetation Association RA Type 
Corchal 76 SEDGE 2-blocks low margin of depression 
Corchal 77 SEDGE 2-blocks low margin of depression 
Corchal 78 MUK 3-perp to slope in higher areas 
Corchal 79 MUK 3-perp to slope in higher areas 
Corchal 80 MUK 3-perp to slope in higher areas 
Corchal 81 MUK 5-cross channel 
Corchal 82 MUK 5-cross channel 
Corchal 83 MUK 5-cross channel 
Corchal 84 MUK 5-cross channel 
Corchal 85 MUK 5-cross channel 
Corchal 86 SEDGE 2-blocks low margin of depression 
Corchal 87 SEDGE 2-blocks low margin of depression 
Corchal 88 MUK 1-long 
Corchal 89 MUK 7-magote to magote 
Corchal 90 MUK 1-long 
Corchal 91 SAWGRASS 8-extends from magote 
Corchal 92 MUK 2-blocks low margin of depression 
Corchal 93 SAWGRASS 5-cross channel 
Corchal 94 SAWGRASS 5-cross channel 
Corchal 95 MUK 1-long 
Rio Turbia Encl 1 MANGROVE 11-albarrada 
Rio Turbia Encl 2  MANGROVE 11-albarrada 
 
 
 




