
The Hydraulic System of Uxul
Origins, functions, and social setting

Nicolaus Seefeld

Archaeopress Pre-Columbian Archaeology 9



Archaeopress Publishing Ltd
Summertown Pavilion
18-24 Middle Way
Summertown
Oxford OX2 7LG

www.archaeopress.com

ISBN 978 1 78491 929 0
ISBN 978 1 78491 930 6 (e-Pdf)

© Archaeopress and Nicolaus Seefeld 2018

Cover: Aguada Oriental of Uxul, Campeche, Mexico (© Nicolaus Seefeld)

All rights reserved. No part of this book may be reproduced, or transmitted, in any form or by any means, electronic, 
mechanical, photocopying or otherwise, without the prior written permission of the copyright owners.

Printed in England by Holywell Press, Oxford

This book is available direct from Archaeopress or from our website www.archaeopress.com



In memory of Sven Bayer (1978-2015)





i

Contents

List of Figures ................................................................................................................................. VII

List of Tables ................................................................................................................................. XIV

Foreword ........................................................................................................................................ XV

Preface .........................................................................................................................................XVII

Acknowledgements ....................................................................................................................... XIX

1 Introduction ................................................................................................................................... 1
1.1 Definition of the research question.................................................................................................................................1
1.2 Research goals.....................................................................................................................................................................1
1.3 Methods................................................................................................................................................................................2
1.4 Structure of this book........................................................................................................................................................3

2 Geomorphology of the Maya Lowlands .......................................................................................... 7
2.1 Geology of the Central Maya Lowlands................................................................................................... 7

2.1.1 Geological history of the Yucatán Peninsula.........................................................................................................8
2.1.1.1 Formation of the Karst Block...........................................................................................................................8
2.1.1.2 Dissolution of the Karst Block........................................................................................................................10

2.1.2 Dissolution features.................................................................................................................................................11
2.1.3 Geological zones of the Maya Lowlands...............................................................................................................12
2.1.4 Water sources of the Yucatán Peninsula..............................................................................................................14

2.1.4.1 Groundwater.....................................................................................................................................................14
2.1.4.1.1 Springs.......................................................................................................................................................15

2.1.4.2 Rivers.................................................................................................................................................................17
2.1.4.3 Still bodies of water.........................................................................................................................................19

2.1.4.3.1 Aguadas.....................................................................................................................................................19
2.2 Climate of the Maya Lowlands............................................................................................................... 24

2.2.1 Climate zones of the Maya Lowlands....................................................................................................................24
2.2.2 Seasonal phenomenology of the climate in the Maya Lowlands......................................................................26

2.2.2.1 Interannual climatic variations in the Maya Lowlands ............................................................................27
2.3 Soils of the Maya Lowlands.................................................................................................................... 28

2.3.1 Geographic distribution of soil types....................................................................................................................29
2.4 Landscape forms of the Maya Lowlands................................................................................................ 29

2.4.1 Well-drained upland areas......................................................................................................................................30
2.4.2 Slowly draining lowland areas...............................................................................................................................30
2.4.3 Seasonal inundated lowland areas and permanently moist depressions.......................................................31

2.4.3.1 Seasonally inundated lowland areas / inner bajos ....................................................................................32
2.4.3.2 Permanently moist swamps - outer bajos...............................................................................................34

2.4.3.3 Geographic distribution of inner and outer bajos......................................................................................36

3 History of research on the hydrology of the Maya Lowlands .......................................................39

4 Climate history and landscape history of the Maya Lowlands .....................................................49
4.1 Methods for the reconstruction of past climates.................................................................................. 49

4.1.1 Dendrochronology...................................................................................................................................................49



ii

Contents

4.1.2 Palynology.................................................................................................................................................................50
4.2 Models of pre-Hispanic climatic conditions.......................................................................................... 51

4.2.1 Theory 1: Prevalence of generally more humid conditions during the Preclassic and Classic periods.....51
4.2.2 Theory 2: The conversion of permanent wetlands into seasonal wetlands...................................................51
4.2.3 Theory 3: Pronounced droughts as catalysts for the Collapse of Classic Maya civilization.........................52

4.3 Current state of knowledge on pre-Hispanic climatic conditions........................................................ 52
4.3.1 Early environmental history of the Maya Lowlands..........................................................................................53
4.3.2 Middle Preclassic......................................................................................................................................................54
4.3.3 Late Preclassic...........................................................................................................................................................54
4.3.4 Early Classic...............................................................................................................................................................58
4.3.5 Late Classic................................................................................................................................................................58
4.3.6 Terminal Classic........................................................................................................................................................59
4.3.7 Postclassic..................................................................................................................................................................61

4.4 Discussion of models on pre-Hispanic climatic conditions................................................................... 62
4.4.1 Theory 1: The prevalence of generally more humid conditions during the Classic Period.........................62
4.4.2 Theory 2: The sedimentation of the inner bajos transformed permanent wetlands into seasonal 
wetlands..............................................................................................................................................................................63
4.4.3 Theory 3: Droughts as catalysts for the collapse of Classic Maya civilization................................................65

4.5 Concluding remarks.............................................................................................................................. 65

5 Review of hydraulic features in the Maya Lowlands ....................................................................67
5.1 Specific technical requirements for hydraulic features in the Maya Lowlands................................... 67

5.1.1 Definition of water management...........................................................................................................................67
5.1.2 Technical requirements for a constant water supply in the Maya Lowlands................................................67

5.1.2.1 Challenges for a constant supply of water in the Maya Lowlands ..........................................................68
5.1.2.1.1 Calculation of daily water consumption..............................................................................................70

5.1.2.2 Technical requirements for agricultural production................................................................................70
5.1.3 Technical approaches for water management in the Maya Lowlands............................................................71

5.2 Canals..................................................................................................................................................... 72
5.2.1 Functions of canal systems.....................................................................................................................................72
5.2.2 Design and functionality of canal systems...........................................................................................................75

5.2.2.1 Construction process of canal systems.........................................................................................................75
5.2.2.2 Theories on the functionality of canal systems..........................................................................................77

5.2.2.2.1 Drainage canals........................................................................................................................................77
5.2.2.2.2 Elevated fields..........................................................................................................................................79

5.2.3 Geographic distribution of canal systems............................................................................................................80
5.2.4 Published canal features from the Maya Lowlands ...........................................................................................80

5.2.4.1 El Tigre...............................................................................................................................................................82
5.2.4.2 Bajo Morocoy....................................................................................................................................................84
5.2.4.3 Cerros.................................................................................................................................................................84
5.2.4.4 Río Azul (Bajo Pedernal).................................................................................................................................86
5.2.4.5 Río Bravo Region..............................................................................................................................................86

5.2.4.5.1 Far West Bajo............................................................................................................................................86
5.2.4.5.2 Blue Creek.................................................................................................................................................86

5.2.4.6 Nohmul..............................................................................................................................................................88
5.2.4.7 Pulltrouser Swamp...........................................................................................................................................89
5.2.4.8 Albion Island.....................................................................................................................................................90



iii

Contents

5.2.4.9 Colha/Cobweb Swamp....................................................................................................................................91
5.2.4.10 Lamanai...........................................................................................................................................................92
5.2.4.11 Belize River Valley.........................................................................................................................................93

5.3 Terraces................................................................................................................................................. 93
5.3.1 Functionality of terraces.........................................................................................................................................93
5.3.2 Construction forms of terrace systems.................................................................................................................94

5.3.2.1 Dry-slope terraces............................................................................................................................................95
5.3.2.2 Box terraces......................................................................................................................................................98
5.3.2.3 Footslope terraces............................................................................................................................................98
5.3.2.4 Check-dam terraces.........................................................................................................................................99

5.3.3 Geographic distribution of terrace systems.........................................................................................................99
5.3.4 Published terrace systems from the Maya Lowlands.......................................................................................102

5.3.4.1 Río Bec Region................................................................................................................................................102
5.3.4.2 Mirador Basin.................................................................................................................................................102
5.3.4.3 San Bartolo......................................................................................................................................................104
5.3.4.4 Petexbatun Region.........................................................................................................................................104
5.3.4.5 Río Bravo Region/Northwest Belize...........................................................................................................105
5.3.4.6 Upper Belize River Valley.............................................................................................................................108
5.3.4.7 Vaca Plateau....................................................................................................................................................109

5.3.4.7.1 Minanha..................................................................................................................................................110
5.3.4.7.2 Terrace systems of Caracol..................................................................................................................111

5.3.4.8 Maya Mountains.............................................................................................................................................113
5.3.4.9 Copán...............................................................................................................................................................114

5.4 Dam features........................................................................................................................................ 115
5.4.1 Dam systems connected to rivers or seasonal streams....................................................................................116

5.4.1.1 Dam wall near Blue Hole Camp....................................................................................................................116
5.4.1.2 Dam systems in streambeds of Nakbe........................................................................................................116
5.4.1.3 Dam wall in the Copán Valley (Honduras).................................................................................................118
5.4.1.4 Dam systems in the Candelaria Basin.........................................................................................................118

5.4.2 Dam systems not connected to streams.............................................................................................................120
5.4.2.1 Dam wall of Tamarindito..............................................................................................................................120

5.5 Drainage features................................................................................................................................ 122
5.5.1 Dos Hombres...........................................................................................................................................................124
5.5.2 Calzada Blom/Yaxha..............................................................................................................................................126
5.5.3 Nakum......................................................................................................................................................................128

5.6 Reservoirs............................................................................................................................................ 131
5.6.1 Small depressions...................................................................................................................................................131
5.6.2 Chultunes.................................................................................................................................................................132
5.6.3 Well features...........................................................................................................................................................136

5.6.3.1 Well type 1: Groundwater-penetrating wells............................................................................................136
5.6.3.2 Well type 2: Chenes-type wells....................................................................................................................139
5.6.3.3 Well type 3: Buk’te’ob....................................................................................................................................140
5.6.3.4 Well type 4: Fault spring wells.....................................................................................................................140

5.6.4 Reservoirs and modified aguadas........................................................................................................................145
5.6.4.1 Construction process of modified aguadas and artificial aguadas.........................................................146

5.6.4.1.1 Extension of the natural surface depression or the excavation of a new artificial surface 
depression..............................................................................................................................................................146



iv

Contents

5.6.4.1.2 Application of a sealing layer at the bottom of the artificial depression ....................................146
5.6.4.2 Constructional elements at the bottom of aguadas.................................................................................147

5.6.4.2.1 Buk’te’ob..................................................................................................................................................147
5.6.4.3 Published modified aguadas and reservoirs..............................................................................................150

5.6.4.3.1 Uxmal, Aguada Chen Chan Akal..........................................................................................................152
5.6.4.3.2 Nakbe, Aguada Zacatal..........................................................................................................................154
5.6.4.3.3 Modified reservoir of Naachtun..........................................................................................................156
5.6.4.3.4 Artificial reservoirs of Uaxactun.........................................................................................................160
5.6.4.3.5 El Zotz, modified Aguada......................................................................................................................162
5.6.4.3.6 Poza Maya, Aguada Maya.....................................................................................................................164
5.6.4.3.7 Modified aguadas of San Bartolo and Xultun....................................................................................166
5.6.4.3.8 Reservoirs and modified aguadas of the Río Bravo region, Northwestern Belize......................169

5.6.4.3.8.1 Medicinal Trail Site.......................................................................................................................170
5.6.5.4.8.2 La Milpa East, Depression A.........................................................................................................173
5.6.4.3.8.3 Aguada Lagunita Elusiva..............................................................................................................175
5.6.4.3.8.4 Aguada Misteriosa and cival K’ante’ Ha’....................................................................................176
5.6.4.3.8.5 Modified aguadas of Dos Hombres..............................................................................................178

5.6.4.3.9 Modified aguadas of Colha...................................................................................................................180
5.6.4.3.10 Modified aguadas in the Petexbatun region...................................................................................180
5.6.4.3.11 Artificial moats/reservoirs in Becán and Tintal.............................................................................180

5.7 Complex hydraulic systems aimed at managing water scarcity......................................................... 184
5.7.1 Hydraulic system of Ek’ Balam.............................................................................................................................186
5.7.2 Hydraulic system of Mayapán..............................................................................................................................192
5.7.3 Hydraulic system of Xcoch...................................................................................................................................196
5.7.4 Hydraulic System of Edzná...................................................................................................................................198
5.7.5 Hydraulic system of Calakmul..............................................................................................................................202
5.7.6 Hydraulic system of El Mirador...........................................................................................................................204
5.7.7 Hydraulic system of Tikal.....................................................................................................................................205

5.7.7.1 Earthworks of Tikal.......................................................................................................................................206
5.7.7.2 Hydraulic system in the core of Tikal.........................................................................................................210

5.7.7.2.1 Temple Reservoir...................................................................................................................................212
5.7.7.2.2 Palace Reservoir and Palace Dam........................................................................................................214
5.7.7.2.3 Corriental Reservoir..............................................................................................................................217

5.7.8 Hydraulic System of Kinal.....................................................................................................................................220
5.7.9 Hydraulic system in the core of La Milpa...........................................................................................................222

5.7.9.1 Modified drainages in the site core.............................................................................................................224
5.7.8.1 La Milpa Aguada.............................................................................................................................................226

5.7.10 Hydraulic System of Caracol...............................................................................................................................227
5.7.11 Hydraulic System of Chau Hiix..........................................................................................................................232

5.8 Hydraulic systems built to manage excess water................................................................................ 233
5.8.1 Hydraulic system of Comalcalco (Joy’ Chan).....................................................................................................234
5.8.2 Hydraulic system of El Tigre.................................................................................................................................235
5.8.3 Hydraulic system of Palenque..............................................................................................................................235
5.8.4 Hydraulic system of Cancuén...............................................................................................................................241

5.8.4.1 Hydraulic system in Cancuén’s southern sector.......................................................................................242
5.8.4.2 Hydraulic features in the northern section of Cancuén..........................................................................244
5.8.4.3 Hydraulic features in the northwestern section of Cancuén..................................................................246



v

Contents

6 Archaeological investigation of Uxul’s hydraulic system ..........................................................249
6.1 History of discovery and research....................................................................................................... 250

6.1.1 Research questions of the Uxul Archaeological Project..................................................................................252
6.1.2 Settlement patterns...............................................................................................................................................252
6.1.3 Topographic location of Uxul’s hydraulic features..........................................................................................255

6.2 Results of the archaeological investigation of Uxul’s hydraulic features.......................................... 258
6.2.1 Methodology for the archaeological investigation of Uxul’s hydraulic system..........................................259

6.2.1.1 Chronology of the archaeological investigation of Uxul’s hydraulic system......................................259
6.2.2 Aguada Oriental......................................................................................................................................................260

6.2.2.1 Excavations during the 2009 field season..................................................................................................263
6.2.2.2 Excavations during the 2011 field season..................................................................................................270

6.2.3 Aguada Occidental..................................................................................................................................................308
6.2.4 Feeding canal to the Aguada Oriental.................................................................................................................314
6.2.5 Artificial Cave of Group Q.....................................................................................................................................325

6.3 Functionality of Uxul’s hydraulic features.......................................................................................... 334
6.3.1 Function of the base modifications in Aguada Oriental and Occidental.......................................................334
6.3.2 Size and extension of the limestone pavements in Aguada Occidental and Oriental.................................338
6.3.3 Comparative examples of the application of limestone pavements..............................................................342
6.3.4 Function of the influx canals to the Aguada Occidental and the Aguada Oriental.....................................344
6.3.5 Functionality of the filter wall at the bottom of Aguada Oriental.................................................................347

6.3.5.1 Function of the filter wall.............................................................................................................................348
6.3.5.2 Function of the silting tank..........................................................................................................................348
6.3.5.3 Function of the sloped end section of the influx canal............................................................................352

6.3.6 Catchment capacity of Uxul’s hydraulic features.............................................................................................352
6.4 Building history of Uxul’s hydraulic system....................................................................................... 354

6.4.1 Aguada Occidental..................................................................................................................................................354
6.4.2 Feeding canal to the Aguada Occidental.............................................................................................................356
6.4.3 Aguada Oriental......................................................................................................................................................360

7 Functional and spatial patterns of hydraulic features in the Maya Lowlands ...........................367
7.1 Spatial distribution of the different types of hydraulic features....................................................... 367
7.2 Spatial distribution of particular technological elements of hydraulic features............................... 370

7.2.1 Modification of reservoir floors...........................................................................................................................370
7.2.1.1 Plaster linings and clay linings....................................................................................................................370
7.2.1.2 Limestone pavements...................................................................................................................................372
7.2.1.3 Ceramic Elements..........................................................................................................................................374

7.2.2 Filter elements........................................................................................................................................................376
7.2.3 Berms and water inlet/outlet devices................................................................................................................379

7.3 Chronology of hydraulic features........................................................................................................ 382
7.4 Concluding remarks on the technological approaches to water management.................................. 383

8 Development and sociopolitical relevance of water management in Classic Maya society........385
8.1 Fundamental studies on water management...................................................................................... 385
8.2 Models on agricultural production and water management in the Maya Lowlands.......................... 387

8.2.1 Models on the development and forms of agricultural production in the Maya Lowlands......................387
8.2.1.1 Theories on the agricultural potential of wetlands.................................................................................388
8.2.1.2 Agricultural potential of aguadas................................................................................................................388

8.2.2 Theories on long distance transport and migratory agriculture...................................................................389



vi

Contents

8.3 Models of the historical development of water management in the Maya Lowlands........................ 392
8.3.1 Preclassic water management..............................................................................................................................392
8.3.2 Classic Period water management.......................................................................................................................396

8.4 Models on the sociopolitical relevance of water management in the Maya Lowlands...................... 398
8.4.1 Social aspects of water management..................................................................................................................398

8.4.1.1 Theories on the organization of water distribution.................................................................................398
8.4.2 Logistic aspects of water management...............................................................................................................399
8.4.3 Theories on the social and political effects of water management on pre-Hispanic Maya society.........400

8.4.3.1 Centralization theories.................................................................................................................................401
8.4.3.1.1 Importance of water management for the emergence of social differentiation........................401
8.4.3.1.2 Importance of hydraulic features as instruments of power...........................................................403
8.4.3.1.3 Immigration of hinterland population due to urban hydraulic systems.....................................403

8.4.3.2 Decentralization theories.............................................................................................................................404
8.4.3.3 Differentiated theories..................................................................................................................................405

8.5 Evaluation criteria for determining the social relevance of hydraulic features................................ 405
8.6 Social setting of Uxul’s hydraulic system............................................................................................ 408
8.7 Documented organizational structure of hydraulic features in the Maya Lowlands......................... 412

8.7.1 Discussion of the documented organizational structure of hydraulic features..........................................425
8.8 Discussion of the social and political relevance of water management in the Maya Lowlands......... 427

8.8.1 Centralization theories..........................................................................................................................................427
8.8.2 Decentralization theories.....................................................................................................................................429
8.8.3 Differentiated theories..........................................................................................................................................430

8.9 Concluding evaluation of the social relevance of water management in Classic Maya Society......... 431
8.9.1 Models on agricultural production and water management in the Maya Lowlands..................................431
8.9.2 Historical development of water management in the Maya Lowlands.........................................................431
8.9.3 Social relevance of water management in the Maya Lowlands......................................................................431

9 Conclusions..................................................................................................................................435
9.1 Environmental factors for the issue of water supply.......................................................................... 435

9.1.1 Distribution of water sources in the Maya Lowlands.......................................................................................435
9.1.2 General trends in the climate history of the Maya Lowlands.........................................................................436

9.1.2.1 Conclusions on the relationship between climate and the collapse of Classic Maya civilization....436
9.2 Summary of the geographic distribution and functionality of hydraulic features............................ 437
9.3 Conclusions on the history of research............................................................................................... 440

9.3.1 Theories on the historical development of water management....................................................................442
9.3.2 Theories on the social relevance of water management.................................................................................442

9.4 Significance of Uxul’s hydraulic system for the discussion of water management in the Maya 
Lowlands.................................................................................................................................................... 443
9.5 Evaluation of the current state of research........................................................................................ 444

9.5.1 Previous research issues.......................................................................................................................................444
9.5.2 Summary of the current state of research.........................................................................................................445

9.6 Desiderata for future research............................................................................................................ 446
9.7 Closing remarks................................................................................................................................... 448

10 Bibliography.........................................................................................................................................449



vii

List of figures
Figure 1.1: The author during the topographic survey and excavations in Uxul............................................ 3
Figure 1.2: Schematic representation of the analysis of hydraulic features..................................................... 4
Figure 2.1: Geographic zones of the Maya area..................................................................................................... 9
Figure 2.2: Karst features of the northern Yucatán Peninsula.......................................................................... 11
Figure 2.3: Map of the physiographic sub-regions in the Maya Lowlands...................................................... 13
Figure 2.4: Geological, south to north-transect through the Yucatán Peninsula........................................... 15
Figure 2.5: Model of the hydrologic process in scarp foot springs................................................................... 16
Figure 2.6: Map of the river systems in the Maya Lowlands.............................................................................. 18
Figure 2.7: Map of still bodies of water in the Maya Lowlands.......................................................................... 20
Figure 2.8: Illustration of a permanent sinkhole Aguada................................................................................... 22
Figure 2.9: Map of the Maya area indicating the amount of annual mean rainfall........................................ 25
Figure 2.10: Examples of gilgai and slickenslides................................................................................................ 30
Figure 2.11: Schematic representation of vegetation zones of an outer bajo................................................. 35
Figure 2.12: Geographic distribution of inner and outer bajos in the Maya Lowlands................................. 37
Figure 4.1: Schematic representation of climate theory No. 1.......................................................................... 53
Figure 4.2: Schematic representation of the effects of deforestation processes............................................ 55
Figure 4.3: Map of sites with evidence of “Maya clay”....................................................................................... 57
Figure 4.4: Surface albedo in forested and cleared areas..................................................................................... 60
Figure 4.5: Wind effects in forested and cleared areas....................................................................................... 61
Figure 4.6: Bajo Donato, Soil profile indicating the presence of paleosols...................................................... 63
Figure 5.1: Schematic representation of the analysis of hydraulic features................................................... 67
Figure 5.2: Calakmul, Chihk Naab, Structure 1-Sub. 1-4, Wall painting of bearer.......................................... 68
Figure 5.3: Drained fields in the department of Sacatepéquez.......................................................................... 74
Figure 5.4: Schematic representation of elevated fields .................................................................................... 75
Figure 5.5: Schematic profile of a raised field complex ..................................................................................... 76
Figure 5.6: Splashwater irrigation with calabashes in the Guatemalan Highlands ....................................... 78
Figure 5.7: Geographic distribution of canals in the Maya Lowlands .............................................................. 81
Figure 5.8: Canal features of El Tigre..................................................................................................................... 82
Figure 5.9: Aerial photos of raised fields in El Tigre and the Candelaria floodplain. .................................... 83
Figure 5.10: Schematic profile of elevated fields within the Bajo Morocoy.................................................... 84
Figure 5.11: Cerros, Canal system in the site center. .......................................................................................... 85
Figure 5.12: Blue Creek, Overview of elevated fields........................................................................................... 87
Figure 5.13. Nohmul, Douglas North Zone, Sketch of raised fields................................................................... 88
Figure 5.14: Nohmul, Aerial photo of elevated fields ......................................................................................... 88
Figure 5.15: Pulltrouser Swamp, Maps of Raised field sites 1, 2, and 3............................................................. 89
Figure 5.16: Albion Island, Aerial photo of elevated fields ................................................................................ 91
Figure 5.17: Colha, Cobweb Swamp, Canal, Operation 1, Subop. 2, West profile ........................................... 92
Figure 5.18: Profile of dry-slope terracing along a linear slope ....................................................................... 95
Figure 5.19: Idealized profile of a terrace with single front wall...................................................................... 95
Figure 5.20: Schematic illustration of the construction sequence of terraces............................................... 96
Figure 5.21: Idealized profile of a terrace with a double front wall ................................................................. 97
Figure 5.22: Isometric profile of a dry-slope terrace .......................................................................................... 97
Figure 5.23: Dry-slope terrace of the Petexbatun region................................................................................... 97



viii

List of Figures

Figure 5.24: Idealized profile of a box terrace...................................................................................................... 98
Figure 5.25: Reconstruction of a footslope terrace near Tamarindito............................................................. 98
Figure 5.26: Reconstructed check-dam terrace.................................................................................................... 99
Figure 5.27: Geographic distribution of terrace systems in the Maya Lowlands.......................................... 101
Figure 5.29: Nakbe, Profile of terrace construction (Operation 31)................................................................ 103
Figure 5.28: Nakbe, Map of the east- and west groups...................................................................................... 103
Figure 5.30: Tamarindito, Map of terrace systems............................................................................................ 104
Figure 5.31: Map of Aguada Catolina.................................................................................................................... 104
Figure 5.32: Map of terraces in the Río Bravo region........................................................................................ 105
Figure 5.33: Far West Bajo, Map of terrace systems.......................................................................................... 106
Figure 5.34: Location of terraces in Dos Hombres and Guijarral..................................................................... 107
Figure 5.35: Topographic location of terrace-systems in the upper Belize River Valley............................ 108
Figure 5.36: Terrace types of the Vaca Plateau.................................................................................................. 109
Figure 5.37: Minanha, Contreras Valley, Map of terrace features.................................................................. 110
Figure 5.38: Minanha, Contreras Valley, Terrace, OP111-2, South-profile.................................................... 110
Figure 5.39: Caracol, Schematic profile of terraces indicating the relationship between slope-gradient 
and wall-heights...................................................................................................................................................... 112
Figure 5.40: Muklebal, Front-view of terrace wall............................................................................................. 113
Figure 5.41: Geographic distribution of dam features in the Maya Lowlands.............................................. 115
Figure 5.42: Blue Hole Camp, dam feature.......................................................................................................... 117
Figure 5.43: Overview of dam features in Copán and along the Río Candelaria........................................... 119
Figure 5.44: Tamarindito, reconstruction drawing of dam and reservoir..................................................... 121
Figure 5.45: Geographic distribution of published drainage features within the Maya Lowlands ........... 123
Figure 5.46: Dos Hombres, Location of drainage-features................................................................................ 125
Figure 5.47: Yaxha, Calzada Blom, Location of drainage features................................................................... 126
Figure 5.48: Yaxha, Calzada Blom, Details of drainage features...................................................................... 127
Figure 5.49: Nakum, Acropolis, Structure 14, Drainage-feature...................................................................... 129
Figure 5.50: La Milpa, Wari Camp, Depression 3, Profile.................................................................................. 131
Figure 5.51: Overview of chultunes in the Northern Lowlands....................................................................... 134
Figure 5.52: Tecolote, Household cistern............................................................................................................ 135
Figure 5.53: Map showing the location of published well features in the Maya Lowlands......................... 137
Figure 5.54: Overview of well features in the northern Maya Lowlands....................................................... 138
Figure 5.55: Well features of Quirigua ................................................................................................................ 139
Figure 5.56: Dzibilnocac, well system.................................................................................................................. 140
Figure 5.57: Fault springs of Dos Aguadas, El Arroyo and El Cedro................................................................. 142
Figure 5.58: Itzán, Fault spring well in Group IT4A........................................................................................... 144
Figure 5.59: Rancho Jalal, Schematic cross-section of buk’te’ob....................................................................... 148
Figure 5.60: Aguada Ichpich, Photo of buk’te’..................................................................................................... 148
Figure 5.61: Map of reservoirs and modified aguadas....................................................................................... 151
Figure 5.62: Uxmal, Buk’te’ feature at the base of the Aguada Chen Chan Akal........................................... 152
Figure 5.63: Uxmal, Aguada Chen Chan Akal, Buk’te’ during the excavation process................................ 153
Figure 5.64: Nakbe, Topographic relief of Aguada Zacatal............................................................................... 155
Figure 5.65: Nakbe, Schematic profile drawing of Aguada Zacatal................................................................. 155

Figure 5.66: Naachtun, Modified reservoir, Plana and profiles of Sub-operations A, B, C, D, E................. 157



ix

Figure 5.67: Uaxactun, Group B, Reservoirs A and B......................................................................................... 161
Figure 5.68: El Zotz, Aguada El Zotz..................................................................................................................... 163
Figure 5.69: Poza Maya, Google Earth Image of the “Aguada Maya”.............................................................. 164
Figure 5.70: Poza Maya, Aerial pictures of the “Aguada Maya”...................................................................... 165
Figure 5.71: Modified aguadas of San Bartolo and Xultun............................................................................... 167

Figure 5.72: Map of the Río Bravo region and the PfB property line.............................................................. 169
Figure 5.73: Medicinal Trail site depression....................................................................................................... 171
Figure 5.74: Medicinal Trail site depression. Suboperation Q, R,Y, Z, T, V, X and Z.................................... 172
Figure 5.75: Location of La Milpa East and Lagunita Elusiva............................................................................ 173
Figure 5.76: La Milpa East, Depression A............................................................................................................. 174
Figure 5.77: La Milpa, Aguada Lagunita Elusiva, Photo of cobble-feature..................................................... 176
Figure 5.78: La Milpa, Cival K’ante’ Ha’, Google Earth picture showing the extension of the berm 
around Aguada 1..................................................................................................................................................... 177
Figure 5.79: Dos Hombres, Location of aguadas in Transects A and B............................................................ 178
Figure 5.80: Dos Hombres, Grupo Agua Lluvia, Artificial reservoir................................................................ 179
Figure 5.81: Cross-sectional profiles of Aguada Catolina.................................................................................. 180
Figure 5.82: Becán, Moat construction................................................................................................................ 181
Figure 5.83: Tintal, Map of hydraulic features................................................................................................... 183
Figure 5.84: Map showing the location of published complex hydraulic systems aimed at managing 
water scarcity.......................................................................................................................................................... 185
Figure 5.85: Ek’ Balam, Structure 1, Distribution of rectangular and C-shaped reservoirs........................ 187
Figure 5.86: Ek’ Balam, Structure 1, Distribution of circular reservoirs........................................................ 189
Figure 5.87: Ek’ Balam, Structure 1, Room 63, Mural depicting a rain gutter............................................... 191
Figure 5.88: Mayapán, Main group, Direction of natural and modified surface flow.................................. 193
Figure 5.89: Mayapán, Structure Q. 153, Drainage canal.................................................................................. 194
Figure 5.90: Mayapán, Cenote Xcotón................................................................................................................. 195
Figure 5.91: Xcoch, Modified Reservoirs............................................................................................................. 197
Figure 5.92: Map of the valley of Edzná............................................................................................................... 199
Figure 5.93: Edzná, Location and extension of hydraulic features................................................................. 200
Figure 5.94: Edzná, Aerial photos of hydraulic features................................................................................... 201
Figure 5.95: Calakmul, Map of hydraulic features ............................................................................................ 202
Figure 5.96: Calakmul, Stratigraphic profile of Aguada No. 4 and No. 6........................................................ 203
Figure 5.97: Regional Map of Tikal....................................................................................................................... 205
Figure 5.98: Tikal, Regional Map showing the location of earthworks ......................................................... 207
Figure 5.99: Tikal, Earth wall, East profile........................................................................................................... 207
Figure 5.100: Tikal, Updated map of earthworks............................................................................................... 209
Figure 5.101: Tikal, Schematic of the functionality of the filtration ditch.................................................... 209
Figure 5.102: Tikal, Site-core, Overview of hydraulic features........................................................................ 211
Figure 5.103: Tikal, Temple Reservoir, Location and profiles of excavations units..................................... 213
Figure 5.104: Tikal, Palace Reservoir and Palace Dam...................................................................................... 215
Figure 5.105: Tikal, Map of the Corriental Reservoir and associated hydraulic features............................ 218
Figure 5.106: Map of the Río Azul / Kinal territory........................................................................................... 220
Figure 5.107: Kinal, Map of the site and its hydraulic system......................................................................... 221
Figure 5.108: Kinal, Hydraulic features of the west drainage. ........................................................................ 223

List of Figures



x

List of Figures

Figure 5.109: La Milpa, Hydraulic features in the site core.............................................................................. 225
Figure 5.110: Caracol, Isometric landscape model based on LiDAR-data....................................................... 227

Figure 5.111: Caracol, Map of the LiDAR survey area and the distribution of hydraulic features ............ 229
Figure 5.112: Caracol, Reservoirs in the city-center.......................................................................................... 231
Figure 5.113: Geographic distribution of hydraulic systems for the management of excess water......... 233
Figure 5.114: Joy’ Chan, Gran Plaza, Drainage tubes......................................................................................... 235
Figure 5.115: Palenque, Map of site showing the distribution of water streams. ........................................ 236
Figure 5.116: Palenque, Palace Aqueduct (OT-A1)............................................................................................. 237
Figure 5.117: Palenque, Otolum Bridge (OT-B19) and aqueducts A2 and A3................................................. 239
Figure 5.118: Palenque, Piedras Bolas pressure conduit (PB-A1).................................................................... 240
Figure 5.119: Cancuén, Map of the site showing the location of hydraulic features................................... 241
Figure 5.120: Cancuén, Hydraulic features in the southern drainage............................................................ 243
Figure 5.121: Cancuén, Hydraulic features in the northern drainage............................................................ 245
Figure 5.122: Cancuén, hydraulic features in the northwestern drainage.................................................... 247
Figure 6.1: Regional Map of the northern Petén and southeastern Campeche............................................ 249
Figure 6.2: Map of Uxul produced by Karl Ruppert and John Denison.......................................................... 250
Figure 6.3: Map of Uxul generated during the survey in 2007........................................................................ 251
Figure 6.4: Map of Uxul.......................................................................................................................................... 253
Figure 6.5: Map of Uxul showing the location of hydraulic features and their catchment areas............. 256
Figure 6.6: Uxul, Aguada Oriental with standing water in April 2012............................................................ 257
Figure 6.7: Uxul, Aguada Oriental in the context of the local topography.................................................... 258
Figure 6.8: Uxul, Vegetation in the Aguada Oriental........................................................................................ 261
Figure 6.9: Uxul, Aguada Oriental, Location of the trenches excavated during the 2009 field season .... 263
Figure 6.10: Uxul, Aguada Oriental, Central trench of 2009 before the excavation and after extracting 
the humus layer...................................................................................................................................................... 264
Figure 6.11: Uxul, Aguada Oriental, Central trench, Photo mosaic of limestone pavement...................... 265
Figure 6.12: Uxul, Aguada Oriental, Central trench, Photo mosaic of ceramic layer................................... 266
Figure 6.13: Uxul, Aguada Oriental, Central trench, Bedrock surface and east profile............................... 267
Figure 6.14: Uxul, Aguada Oriental, Northern extension before the excavation and after extracting 
the humus layer...................................................................................................................................................... 268
Figure 6.15: Uxul, Aguada Oriental, Northern extension................................................................................. 269
Figure 6.16: Uxul, Aguada Oriental, Location of the trenches excavated during the 2011 field season .. 271
Figure 6.17: Uxul, Aguada Oriental, Trench 1, Limestone pavement and ceramic layer............................ 273
Figure 6.18: Uxul, Aguada Oriental, Trench 1, Bedrock surface and East profile......................................... 275
Figure 6.19: Uxul, Aguada Oriental, Location of Trench 2................................................................................ 277
Figure 6.20: Uxul, Aguada Oriental, Trench 2, Limestone pavement and ceramic layer............................ 279
Figure 6.21: Uxul, Aguada Oriental, Trench 2, Bedrock surface and East profile......................................... 281
Figure 6.22: Uxul, Aguada Oriental, Location of Trench 3................................................................................ 283
Figure 6.23: Uxul, Aguada Oriental, Trench 3, Limestone pavement and ceramic layer............................ 285
Figure 6.24: Uxul, Aguada Oriental, Trench 3, Bedrock surface and east profile......................................... 287
Figure 6.25: Uxul, Aguada Oriental, Location of Trench 4................................................................................ 289
Figure 6.26: Uxul, Aguada Oriental, Trench 4, Limestone pavement and ceramic layer............................ 291
Figure 6.27: Uxul, Aguada Oriental, Trench 4, Bedrock surface and east profile......................................... 293
Figure 6.28: Uxul, Aguada Oriental, Trench 5, Planum 1.................................................................................. 295



xi

List of Figures

Figure 6.29: Uxul, Aguada Oriental, Trench 5, Planum 2 and Planum 3......................................................... 296
Figure 6.30: Uxul, Aguada Oriental, Trench 5, South profile........................................................................... 297
Figure 6.31: Uxul, Aguada Oriental, Trench 5, Filter wall, South profile ...................................................... 298
Figure 6.32: Uxul, Aguada Oriental, Trench 5, Planum 5, Filter Wall, East view .......................................... 298
Figure 6.33: Uxul, Aguada Oriental, Trench 5, North view of filter wall........................................................ 299
Figure 6.34: Uxul, Aguada Oriental, Trench 5, Planum 7 and Planum 8......................................................... 300
Figure 6.35: Uxul, Aguada Oriental, Trench 5, Planum 8, South view............................................................ 301
Figure 6.36: Uxul, Aguada Oriental, Trench 6..................................................................................................... 303
Figure 6.37: Uxul, Aguada Oriental, Location of trench 7................................................................................. 305
Figure 6.38: Uxul, Trench 7 before the excavation and after extracting the humus layer......................... 305
Figure 6.39: Uxul, Aguada Oriental, Trench 7, Stone deposition, Southeast view........................................ 306
Figure 6.40: Uxul, Aguada Oriental, Trench 7, Bedrock surface, Southeast view......................................... 306
Figure 6.41: Uxul, Aguada Oriental, Trench 7, Bedrock surface and east profile......................................... 307
Figure 6.42: Uxul, Vegetation in the Aguada Occidental ................................................................................. 308
Figure 6.43: Uxul, Location of the Central Trench in the Aguada Occidental............................................... 308
Figure 6.44: Uxul, Aguada Occidental, Central trench before the excavation.............................................. 309
Figure 6.45: Uxul, Aguada Occidental, Central trench after the extraction of the humus layer............... 309
Figure 6.46: Uxul, Aguada Occidental, Limestone pavement, sascab layer and buk’te’ feature................ 311
Figure 6.47: Uxul, Aguada Occidental, West Profile (Photo and Graphic: N. Seefeld).................................. 313
Figure 6.48: Uxul, Influx canal to Aguada Occidental, Southeastern limit of central axis.......................... 314
Figure 6.49: Uxul, Influx canal to Aguada Occidental, Northwestern limit of central axis........................ 315

Figure 6.50: Uxul, Influx canal to Aguada Occidental, Location of excavation units................................... 315
Figure 6.51: Uxul, Influx canal to Aguada Occidental, Trenches 1 and 2, Planum 1.................................... 316
Figure 6.52: Uxul, Influx canal to Aguada Occidental, Trenches 1 and 2, Planum 2.................................... 317
Figure 6.53: Uxul, Influx canal to Aguada Occidental, Planum 3, Photo mosaic........................................... 318
Figure 6.54: Uxul, Influx canal to Aguada Occidental, Planum 3, Drawing.................................................... 319
Figure 6.55: Uxul, Influx canal to Aguada Occidental, Overview of constructional elements................... 321
Figure 6.56: Uxul, Influx canal to Aguada Occidental, East profile, details of construction elements...... 323
Figure 6.57: Uxul, Artificial Cave before the excavations, Northeast view................................................... 325
Figure 6.58: Uxul, Artificial Cave before the excavations, North view........................................................... 326
Figure 6.59: Uxul, Location of Group Q and the Artificial Cave....................................................................... 327
Figure 6.60: Uxul, Artificial Cave, Overview....................................................................................................... 328
Figure 6.61: Uxul, Artificial Cave, Planum and profiles of the cavity............................................................. 329
Figure 6.62: Uxul, Artificial Cave, Construction Phase 1.................................................................................. 330
Figure 6.63: Uxul, Artificial Cave, Construction Phase 2.................................................................................. 330
Figure 6.64: Uxul, Artificial Cave, Construction Phase 3.................................................................................. 331
Figure 6.65: Uxul, Artificial Cave, Construction Phase 4.................................................................................. 331
Figure 6.66: Uxul, Artificial Cave, Construction Phase 5.................................................................................. 332
Figure 6.67: Uxul, Artificial Cave, Construction Phase 6.................................................................................. 333
Figure 6.68: Uxul, Artificial Cave, Construction Phase 7, Base wall of Group E, South view...................... 333
Figure 6.69: Technical differences in the base modifications of the Aguada Occidental and the Aguada 
Oriental..................................................................................................................................................................... 335
Figure 6.70: Ek’ Balam, Structure 1, Ceramic floor at the bottom of Reservoir D-8..................................... 336
Figure 6.71: Uxul, Overview of ceramic depositions......................................................................................... 337



xii

List of Figures

Figure 6.72: Uxul, Map illustrating the extension of the pavement in the Aguada Occidental................. 338
Figure 6.73: Uxul, Extension of pavement at the base of the Aguada Oriental............................................. 339
Figure 6.74: Uxul, Example of an individual stone slab of the pavement in the Aguada Oriental............. 340
Figure 6.75: Uxul, Cross section of stone slabs from different trenches of the Aguada Oriental.............. 340
Figure 6.76: Uxul, Residues of stucco matrix upon the pavement of the Aguada Oriental........................ 341
Figure 6.77: Uxul, Isometric view of the Aguada Oriental after its completion........................................... 341
Figure 6.78: Overview of limestone pavements at the bottom of aguadas.................................................... 343
Figure 6.79: Uxul, Catchment areas of the Aguada Occidental and the Aguada Oriental........................... 344
Figure 6.80: Visualization of the lateral water pressure in the influx canal to the Aguada Occidental... 345
Figure 6.81: Technical analogies to the influx canal of the Aguada Oriental................................................ 346
Figure 6.82: Technical analogies to the influx canal of the Aguada Occidental........................................... 347
Figure 6.83: Technical analogies to the filter wall of the Aguada Oriental.................................................... 349
Figure 6.84: Technical approach of siltation tanks............................................................................................ 350
Figure 6.85: Uxul, Interaction of filter element in the Aguada Oriental........................................................ 350
Figure 6.86: Overview of documented siltation tanks in the Maya Lowlands............................................... 351
Figure 6.87: Uxul, Functionality of the siltation tank in the Aguada Oriental.............................................. 351
Figure 6.88: Uxul, Interaction of the influx canal and the filter elements of the Aguada Oriental........... 352
Figure 6.89: Uxul, Procedures during the calculation of the catchment capacity of Aguada Oriental..... 353
Figure 6.90: Uxul, Formation of the basin for the Aguada Occidental .......................................................... 355
Figure 6.91: Uxul, Application of the limestone pavement at the bottom of the Aguada Occidental....... 356
Figure 6.92: Map showing the influx canal to the Aguada Occidental and its integration into the 
catchment area ....................................................................................................................................................... 357
Figure 6.93: Uxul, Influx canal to the Aguada Occidenta, East view and reconstruction drawing............ 357
Figure 6.94: Uxul, Structural composition of the influx canal to the Aguada Occidental........................... 358
Figure 6.95: Uxul, Construction phases of the influx canal to the Aguada Occidental................................ 359
Figure 6.96: Uxul, Aguada Oriental, Modification of the natural bedrock..................................................... 360
Figure 6.97: Uxul, Composition of the filter wall at the bottom of the Aguada Oriental............................ 361
Figure 6.98: Uxul, Layer of ceramic sherds at the bottom of the Aguada Oriental...................................... 362
Figure 6.99: Uxul, Construction of limestone pavement at the bottom of the Aguada Oriental............... 363
Figure 6.100: Uxul, Map of the Denison sacbe and its connection to the Aguada Oriental ....................... 364
Figure 6.101: Uxul, Chronology of construction phase 1 of the artificial cave of Group Q......................... 365
Figure 6.102: Uxul, Aguada Occidental, South view of buk’te’ feature ........................................................... 366
Figure 7.1: Spatial distribution of the different types of hydraulic features in the Maya Lowlands........ 369
Figure 7.2: Overview of published reservoirs with a plaster and/or clay lining.......................................... 371
Figure 7.3: Overview of limestone pavements at the bottom of aguadas...................................................... 373
Figure 7.4: Overview of ceramic layers on the bottom of water reservoirs.................................................. 375
Figure 7.5: Overview of ceramic tubes in wells and drainage canals............................................................. 376
Figure 7.6: Schematic representation on the technical approach of siltation tanks and filter walls....... 377
Figure 7.7: Overview of published siltation tanks and filter walls in the Maya Lowlands.......................... 378
Figure 7.8: Overview of berms and inlet/outlet features in the Maya Lowlands......................................... 381
Figure 7.9: Mixing of strata during the construction of canals....................................................................... 382
Figure 8.1: Visual representation of hypothesized water trade routes......................................................... 391
Figure 8.2: Schematic representation of a concave watershed....................................................................... 394
Figure 8.3: Schematic representation of a convex watershed......................................................................... 396
Figure 8.4: Diagram of evaluation criteria.......................................................................................................... 406



xiii

Figure 8.5: Exemplary illustration of the categorization process................................................................... 407
Figure 8.6: Size classes of hydraulic features .................................................................................................... 383
Figure 8.7: Developmental process of hydraulic systems................................................................................. 384
Figure 8.8: Schematic graphic representation of unilateral and bilateral power relations....................... 386
Figure 8.9: Mobilization of workforces in egalitarian and hierarchical societies........................................ 387
Figure 8.10: Percentage distribution of monumental reservoirs in different landscape areas................. 400
Figure 8.11: Percentage distribution of the location and the builders of hydraulic and agricultural       
features..................................................................................................................................................................... 400
Figure 8.12: Percentage distribution of the location and the builders of agricultural features................ 401
Figure 8.13: Percentage distribution of the location and the builders of hydraulic features.................... 401
Figure 9.1: Map showing the correlation between the distribution of river systems and reservoirs....... 412
Figure 9.2: Distribution of the different types of hydraulic features in the Maya Lowlands..................... 413

List of Figures



List of Tables
Table 1: Sites with evidence of “Maya Clay”......................................................................................................... 56
Table 2: Geographic distribution of terrace systems........................................................................................ 100
Table 3: Tabular representation of the social setting of Uxul’s hydraulic features..................................... 412
Table 4: Tabular listing of the social setting of canal systems in the Maya Lowlands................................. 415
Table 5: Tabular listing of the social setting of terrace system in the Maya Lowlands............................... 416
Table 6: Tabular listing of the social setting of dam systems in the Maya Lowlands.................................. 417
Table 7: Tabular listing of the social setting of drainage features in the Maya Lowlands.......................... 418
Table 8: Tabular listing of the social setting of small depressions and well features in the Maya 
Lowlands................................................................................................................................................................... 420
Table 9: Tabular listing of the social setting of reservoirs in the Maya Lowlands....................................... 424

xiv



xv

Foreword
In his book Maya Civilization, which was first published in 1993, Pat Culbert wrote that “this is an exciting 
time to be a Mayanist” (Culbert 1993: 160). There were several reasons for this excitement. Progress in 
deciphering the Mayan script had overturned the earlier romantic image of a peaceful and gentle people 
and transformed the Classic Maya from a prehistoric into a historic civilization. At the same time re-
search into ancient Mayan settlement and wetland systems, in which Culbert himself had been actively 
involved since the 1970s (Adams et al. 1981), had disproved the notion of a slash-and-burn farming pop-
ulation inhabiting a largely empty landscape.
Twenty-five years later, one can confidently say that the study of ancient Maya civilization continues to 
be just as exciting. The origin of lowland Maya hieroglyphic writing has now been pushed back to at least 
the third century BC (Saturno et al. 2006) while LiDAR (Light Detection and Ranging) has revolutionized 
archaeological remote sensing in the Maya lowlands (Chase et al. 2011; Chase and Weishampel 2016) 
as well as in other forest regions of the world (Evans et al. 2013). The new data provide us with both a 
detailed picture of the scale of ancient landscape engineering and a much better idea of the size of the 
ancient populations.
For researchers who, like the author of this book and the author of this foreword, have invested a great 
deal of time and energy in tedious landscape surveys and excavations of water features within the trop-
ical forests of the Maya lowlands, these new remote sensing technologies cause excitement. What once 
took archaeologists years can now be accomplished in comparatively little time if the necessary funds 
are available. However, while these new technologies may complement traditional fieldwork, they will 
never entirely replace it (Chase et al. 2011). This book provides good evidence for this.
The Hydraulic System of Uxul is based on Nicolaus Seefeld’s dissertation, the result of many years’ work. 
The core of the book consists of a detailed presentation of the results of his excavations of three hydrau-
lic features at Uxul, Campeche, Mexico, which he conducted under the auspices of the University of Bonn 
between 2009 and 2014. The volume also includes a comprehensive discussion and summary of the histo-
ry of research into water and land management in the Maya lowlands. The author discusses how the an-
cient Maya managed and mastered water in a landscape characterized by karst hydrology, seasonal and 
unpredictable levels of rainfall and an inaccessible water table. This critical resource initially supported 
and sustained an increase in population size but also created problems that may have contributed to the 
so-called collapse of Classic Maya civilization. Although the role of climate change and drought in the 
demise of Classic Maya society is a much debated issue, this book clearly shows the importance of water 
supply to survival in one of the most densely populated areas in human history.

Estella Weiss-Krejci 
April 3, 2018
Austrian Academy of Sciences, Vienna, Austria
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Preface
This present book is an updated and revised version of my doctoral dissertation that I completed and 
defended in 2017. It is the result of an extensive and intensive investigation project, which was determined 
to close an essential research gap – the understanding of the water management strategies of the Maya 
in pre-Hispanic times. Its central focus is the identification of the adaptation strategies that enabled a 
constant water supply of Classic Maya polities during the critical dry seasons. The starting point for this 
project consisted of the determination of the geological and climatic factors that cause recurring water 
scarcity in the Central Maya Lowlands. Building on these results, I focused on the reconstruction of the 
climatic conditions in the Central Maya Lowlands during the Late Classic Period, when this region was 
most densely populated. At the same time, the identification of adaptation strategies was constantly 
accompanied by the revision of hydraulic features that had been described by other scholars.
In 2009, I had the opportunity to participate in the Uxul Archaeological Project, which was launched the 
same year by the director, Nikolai Grube. At the onset of the project, only one water reservoir was known 
to exist, the western Aguada (later named Aguada Occidental), which had been discovered by Karl Ruppert 
and John Denison (1943: 17). During the first field season, I was responsible for the continuation of the 
topographic survey of the site. This process led to the discovery of another large water reservoir in the 
east of the site, which I subsequently named “Aguada Oriental” and archaeologically investigated in 2009. 
These initial results showed that Uxul not only featured an array of well-preserved hydraulic features, 
but a more complex hydraulic system than had been previously observed in a medium sized Maya polity. 
Based on these results, I received permission to pursue my own research project concentrating on the 
adaptation strategies of Uxul’s pre-Hispanic inhabitants that had enabled a constant water supply for 
the settlement.
In the course of the investigation, several other hydraulic features of various scales were discovered and 
studied in Uxul and contributed to an increasingly precise understanding of the functionality and the 
development of the hydraulic system. Due to this intensive investigation, I soon defined the hydraulic 
system of Uxul as the central reference point of the broader study. While Uxul’s hydraulic system 
was certainly highly adapted to the specific conditions of the local landscape, numerous other Maya 
polities had emerged and flourished in quite similar topographic conditions and, in effect, also overcame 
similar adversities. Accordingly, the functionality of the respective hydraulic features of Uxul could be 
transferred to hydraulic features of other sites in the Central Lowlands. In addition, the investigation of 
Uxul’s hydraulic system allowed a comparative assessment of the overarching research question: The 
definition of the adaptation strategies of the pre-Hispanic population that enabled a constant water 
supply for settlements in the Central Maya Lowlands. Once it became clear that the site of investigation 
and the resulting data enabled a comprehensive evaluation of the research question, four questions were 
defined as the central goals of the present study:

(1) The determination of factors causing temporal water scarcity and the elaboration of the characteristic 
local and regional variations in water-availability within the landscape of the Maya Lowlands.

(2) The assessment of the different types, technical layout, functionality and geographic distribution of 
hydraulic features1 that the pre-Hispanic Maya developed in order to allow a constant water supply for 
their settlements.

(3) The analysis of the function and development of Uxul’s hydraulic system and its integration into the 
local landscape, the urban infrastructure and the different residential areas of the settlement.

(4) The elaboration of the inferences drawn from Uxul’s hydraulic system on the form of society and 
governance in which it emerged and a general assessment of the relevance of water management in the 
politics of Late Classic Maya society.

1 Definition: Landscape modifications or constructions for the storage, transport and/or redistribution of water which are either 
visible in the landscape or can be identified by means of archaeological methods. In the following course of the dissertation, 
these elements will always be referred to as hydraulic features.
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1 Introduction
Since the inception of Maya studies, the issue of water supply in Maya polities of the Central Lowlands 
during the Classic Period has been a matter of controversial debate. Due to the annually recurring dry 
seasons, the availability of water during this period is and has always been problematic. In the light of 
these conditions, the fact the pre-Hispanic Maya were able to establish, develop and maintain prosperous 
urban centers over long periods is difficult to explain. The longevity and resilience of the ancient Maya 
over a period of 1,500 years reveal significant cultural and environmental adaptations to a seasonally 
wet-dry tropical ecosystem inhabited by a sizable population (Scarborough et al. 2012: 12408). Population 
estimates for the southern Maya Lowlands in AD 700 suggest as many as five million people – a population-
density much greater than the region supports today (Culbert and Rice 1990; Scarborough and Burnside 
2010). These demographic figures indicate that the pre-Hispanic Maya had evidently developed effective 
adaptation strategies for survival in this landscape (Parry et al. 2007: 28; Scarborough et al. 1995: 98). 
However, even at the current state of Maya archaeology, these adaptation strategies are largely unknown 
and have barely experienced a systematic investigation.

1.1 Definition of the research question

Due to these circumstances, we are currently lacking an exact explanation of how the Classic Maya 
polities of the Central Lowlands secured a constant water supply. Even though the scientific community 
acknowledges the general existence of pre-Hispanic artificial water reservoirs, it is not aware of the 
historical development of hydraulic features and their sociopolitical relevance in Classic Maya society. 
Furthermore, many scholars still debate whether the pre-Hispanic climatic conditions of the Maya 
Lowlands had an effect on the formation of hydraulic features. A central cause for the continuing debate 
on the social relevance of water management and the influence of paleoclimatic conditions on the 
development of hydraulic systems is the imprecise understanding regarding the specific geological and 
climatic conditions in the different geographical regions of the Maya Lowlands (Fedick 1996).

1.2 Research goals

This book is focused on both the hydraulic system of Uxul and the hydraulic features of the Maya Lowlands 
in general. The main reason for the large number of open research questions is the fact that the scientific 
discussion on the historical development and sociopolitical relevance of water management in the Maya 
Lowlands is based on a very limited set of hydraulic features and thus fails to put particular findings 
into the broader geographical, historical, and social context. Therefore, the author tried to carry out a 
differentiated investigation and discussion of hydraulic features and the theories on their historical and 
sociopolitical relevance. In order to enable a systematic investigation of these open research questions, 
the author defined the four general research goals mentioned in the preface.

(1) Determination of factors causing temporal water scarcity and the elaboration of the characteristic 
local and regional variations in water-availability within the landscape of the Maya Lowlands. A precise 
determination of the different geological and climatic factors responsible for the temporal water scarcity 
in the Maya Lowlands is essential to understand the causes and effects of natural processes and to 
develop an understanding for the approaches of potential cultural adaptation strategies. In this regard, 
a differentiated knowledge of the regional variations in the geology, topography and climatic conditions 
are crucial in understanding the necessity and functionality of the different types of hydraulic features 
in the Maya Lowlands.

(2) Assessment of the different types, technical layout, functionality and geographic distribution of 
hydraulic features that the pre-Hispanic Maya developed in order to provide their settlements with 
a constant water supply. A precise overview on the geographic distribution of the different types of 
hydraulic features, their adaptation to the requirements of the specific landscape and their interaction 
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with other hydraulic features is fundamental for a well-founded understanding of how the pre-Hispanic 
Maya approached the construction of additional water sources. Furthermore, the differentiation of the 
various types of hydraulic features and their geographic distribution is important in order to investigate 
whether this geographic distribution was a reaction to the specific natural landscape or the result of 
purely cultural decisions.

(3) Analysis of the function and the development of Uxul’s hydraulic system and its integration into the 
local landscape, the urban infrastructure and the different residential areas of the settlement. As pointed 
out, this book aims to resolve the open questions regarding the historical and social relevance of water 
management through the broad scope analysis of all published hydraulic features in the Maya Lowlands. 
Nevertheless, since the author was able to address and investigate many open research questions in the 
field, the hydraulic system of Uxul remains a central point of reference for the evaluation of the general 
social relevance of water management in the Maya Lowlands.

(4) Elaboration of the inferences drawn from Uxul’s hydraulic system on the form of society and 
governance in which it emerged and a general assessment of the relevance of water management in 
the politics of Late Classic Maya society. Due to the lack of broadly based comparative investigations, 
it is first necessary to analyze and define the precise sociopolitical relevance of hydraulic features in 
different locations, epochs, and social strata of pre-Hispanic Maya society. Such a differentiated study 
is necessary to define the exact role of Uxul’s hydraulic system for the local population and to define its 
relevance for the current state of research on water management in the Maya Lowlands.

1.3 Methods

In order to address the four main research goals, the author carried out an extensive literature review. 
This focused on defining the geological and climatic factors for water scarcity during the dry seasons 
and was complemented by the revision of the published data on the landscape and climate history of 
the Maya Lowlands. Simultaneously, the author analyzed all available publications on hydraulic features 
in the Maya Lowlands, many of which also included theories on their sociopolitical relevance in pre-
Hispanic times to varying extents. Over the course of this project, the available publications on the 
landscape and climate history, the documented hydraulic systems and the theories on the historical 
and sociopolitical relevance of water management in the Maya Lowlands were gradually analyzed and 
incorporated into the general research objective. Furthermore, new publications were successively 
integrated in order to enable a differentiated presentation of the state of research. During this extensive 
study, the author was also able to observe many of the hydraulic features outside of Uxul in person. 
Apart from this broad scoped analysis of water management in the Maya Lowlands, the main method for 
answering the previously defined research goals was the archaeological investigation of Uxul’s hydraulic 
system. In order to gain an understanding of the functionality of this hydraulic system and its adaptation 
to the local landscape, the author applied two basic research methods:

(1) A topographic survey of the settlement landscape to locate landscape modifications serving to divert 
and accumulate precipitation (see Figure 1.1a), and

(2) An archaeological investigation of these landscape modifications/hydraulic features to obtain data 
on the technology, chronology, and social implications of these modifications (see Figure 1.1b; Seefeld 
2013a: 63).

For the purpose of enabling a thorough evaluation of the adaptation strategies of Uxul’s pre-Hispanic 
inhabitants, the observations of the topographic surveys were continously consulted to better understand 
the characteristics of the local lsndscape and the cultural modifications. In the same way, the increased 
awareness of the drainage characteristics of the landscape, previous observations of the functionality 
ofUxul’s hydraulic system all played a decisive role for defiining the location of specific excavation units.

1 Introduction
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a) Nicolaus Seefeld during the topographic survey of Uxul b) Nicolaus Seefeld during the excavation of the Aguada Oriental

Figure 1.1: The author during the topographic survey and excavations in Uxul. 

The fieldwork was carried out as a component of the Uxul Archaeological Project, which began in March 
2009. The project worked in collaboration with the Mexican Institute of Anthropology and History (INAH) 
and under the general direction of Prof Dr Nikolai Grube. Altogether, seven field seasons were conducted 
between 2009 and 2015. During the 2009 and 2010 field seasons, Dr Iken Paap held the position of field 
director. From 2011-2015, this position was held by Dr Kai Delvendahl. From 2009-2013, Dr Antonio 
Benavides Castillo of the Centro INAH Campeche was the Mexican co-director of the project. Throughout 
the entire duration of the project, funding was provided by the German Research Foundation (DFG).
During the field seasons from 2009-2014, the author studied four different hydraulic features: The Aguada 
Occidental in 2010, the Aguada Oriental in 2009 and 2011, the influx canal to the Aguada Occidental in 
2012 and an artificial cave in Group Q in 2013 and 2014.

1.4 Structure of this book

In order to enable the systematic processing and discussion of each defined research goal, the author 
structured this book in such a way that the causality of the different environmental factors causing 
water scarcity and the cultural adaptations to overcome them are clearly comprehensible.

Thus, the first main section of this dissertation, Chapter 2, addresses and defines the environmental 
factors that cause temporal water scarcity within the Central Maya Lowlands. At the onset, it provides a 
detailed description of the geologic history (Chapter 2.1.2), the different geological zones of the Central 
Maya Lowlands (Chapter 2.1.4) and the respective water sources of these different geological zones 
(Chapter 2.1.5). Building on this, the climate (Chapter 2.2), soils (Chapter 2.3) and landscape formations 
of the Yucatán Peninsula (Chapter 2.4) that are the results of geomorphological processes are outlined.
After the presentation of the geomorphology of the Maya Lowlands, Chapter 3 focuses on the history of 
research regarding the issue of water supply in pre-Hispanic Maya settlements. The aim of this chapter 
is not to provide a complete review of the research, but to present the benchmark investigations and 
the general positions in the scientific discussion, which were extremely influential for the models of 
prehistoric climatic conditions that are presented in the upcoming chapter.

Due to its importance in the scientific discussion of water supply during the Late Classic Period, the 
climate history and landscape history of the Maya Lowlands (Chapter 4) are addressed in a specific 
section. In order to provide the reader with a better understanding of the existing models of the pre-
Hispanic climatic conditions in the Maya Lowlands, Chapter 4 first covers: (1) the scientific methods 
applied for the reconstruction of past climates (Chapter 4.1), (2) the existing models of pre-Hispanic 
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climatic conditions (Chapter 4.2) and (3) the present state of knowledge of paleoclimatic studies (Chapter 
4.3). Lastly, Chapter 4.4 provides a discussion of previous models of pre-Hispanic climatic conditions.
The second main section of this dissertation, Chapter 5, provides a review of hydraulic features in the 
Central Maya Lowlands. These hydraulic features can be identified as the immediate physical remains 
of pre-Hispanic adaptation strategies for the assurance of a constant water supply. Since this book is 
written from the perspective of an archaeologist, these features are of particular importance and have 
been the basis of all previously published theories on the historical and sociopolitical relevance of 
water management in pre-Hispanic Maya society. In order to enable a differentiated evaluation of these 
theories, the author defined three different perspectives from which hydraulic features can be analyzed 
and interpreted (see Figure 1.2):

(1) The technical design and functionality of a hydraulic feature or a hydraulic system,

(2) The historical development (formal and geographical distribution) of hydraulic features, and

(3) The social setting in which these hydraulic features emerged and/or their (potential) relevance for 
the pre-Hispanic Maya society.

In the author’s opinion, it is highly important to separate the presentation and discussion of these 
three different perspectives. Whereas the first approach is merely descriptive and based on the 
thorough documentation of hydraulic features, the second and third represent superordinate levels of 
interpretation, which are presented and discussed in Chapter 8.

	

Figure 1.2: Schematic representation of the analysis of hydraulic features.

Chapter 5 however, will only illustrate and analyze the first perspective in the interpretation of hydraulic 
features – their technical design and functionality. Based on their structural composition and desired 
function, the wide range of hydraulic features can be subdivided into five main categories. The published 
examples of these features will be presented in specific subsections on canals (Chapter 5.2), terraces 
(Chapter 5.3), dam features (Chapter 5.4), drainage features (Chapter 5.5), reservoirs (Chapter 5.6) and 
complex hydraulic systems (Chapter 5.7). The main intention of this review is to provide the reader 
with an overview of the technological composition, functionality and geographic distribution of these 
different hydraulic features.

Based on the scientific understanding of the functionality of hydraulic features in the Maya Lowlands, 
Chapter 6 focuses on the third aspect of this book, the archaeological investigation of Uxul’s hydraulic 
system. It begins with a brief introduction to the site of Uxul and the topographic location of its hydraulic 
features (Chapter 6.1) before presenting the results of the archaeological investigation (Chapter 6.2), 
the functionality of the respective features (Chapter 6.3) and the construction history of the hydraulic 
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system (Chapter 6.4). In order to provide a summary on the presented systems, Chapter 7 presents the 
functional and spatial patterns of hydraulic features in the Maya Lowlands.

Focusing on the fourth aspect of this dissertation, Chapter 8 once again draws the attention to the whole 
Maya Lowland area and presents the theories on the social and political relevance of water management in 
pre-Hispanic Maya society. The first section (Chapter 8.2) focuses on the general theories on agricultural 
production and water management. Chapter 8.3 presents the published models on the historical 
development of water management in the Maya Lowlands. In succession, Chapter 8.4 introduces the 
published models on the social relevance of water management.

Based on this theoretical background, Chapter 8.5 introduces a set of newly developed criteria for 
evaluating the sociopolitical relevance of hydraulic features. These evaluation criteria are used to analyze 
the sociopolitical relevance of the hydraulic features in both Uxul (Chapter 8.6) and the rest of the Maya 
Lowlands (Chapter 8.7). In succession, Chapter 8.8 discusses the validity of the published theories on 
the social and political relevance based on the analyzed hydraulic features, while Chapter 8.9 provides a 
concluding evaluation.

As the final chapter of this book, Chapter 9 provides a summary and conclusion of the research objectives, 
and the results of this study. Chapter 9.1 then highlights the main environmental factors for the issue 
of water supply, while Chapter 9.2 summarizes the observations on the geographical distribution and 
functionality of hydraulic features. Next, Chapter 9.3 provides an overview on the history of research 
and the development of theories, before Chapter 9.4 defines the relevance of Uxul’s hydraulic systems 
for the general discussion of water management in the Maya Lowlands. Finally, Chapter 9 evaluates the 
current state of research (Chapter 9.5), defines the desiderata for future investigations (Chapter 9.6) and 
ends with a closing remark (Chapter 9.7).




