
ENVIRONMENTAL ANALYSIS 
OF THE GULF OF MEXICO

Margarita Caso, Irene Pisanty and
Exequiel Ezcurra, Editors (Spanish Version)

Harte Research Institute for Gulf of Mexico Studies
Special Publication Series No. 1Instituto

 

Nacional
de Ecología

INSTITUTO DE ECOLOGÍA, A.C.

I N E C O L

Kim Withers and Marion Nipper, 
Editors (English Translation)



 
 
 
 
 

ENVIRONMENTAL ANALYSIS OF THE GULF 
 

OF MEXICO 
 

Published in Spanish in Mexico, 2004 
 

Spanish Version Edited By 
 

Margarito Caso, Irene Pisanty, and Exequiel Ezcurra 
 

English Translation Edited By 
 

Kim Withers and Marion Nipper 
 
 
 

Secretaría de Medio Ambiente y Recursos Naturales 
Instituto Nacional de Ecología (Mexico) 

Instituto de Ecología, A. C. (Mexico) 
Harte Research Institute for Gulf of Mexico Studies  

Texas A&M University- Corpus Christi 
 

 
 
 

Harte Research Institute for Gulf of Mexico Studies  
Special Publication Series No. 1 

 



TABLE OF CONTENTS 
 

Chapter  Page 
 Preface to the English Edition vi
 Acknowledgements (English Edition) viii
 Foreward to the Spanish Edition ix
 Acronym List xi
  
 Part One: The Physical Chemistry of the Gulf of Mexico 
  
1 The Hydrodynamics of the Gulf of Mexico 

M. A. Monreal-Gomez, D. A. Salas-de-Leon & H. Velasco-Mendoza 2
  
2 Descriptive Analysis of Masses of Ocean Water that Arrive to the Gulf of 

Mexico 
A. M. Vázquez de la Cerda 17

  
3 Physical and Chemical Characteristics of the Gulf of Mexico 

G. de Lanza Espino and J. C. Gomez Rojas 41
  
 Part Two: The Biota of the Gulf of Mexico 
  
4 Marine Mammals of the Gulf of Mexico: Current Knowledge and 

Recommendations for their Conservation 
J. G. Ortega-Ortiz, A. Delgado-Estrella and A. Ortega-Argueta 63

  
5 Benthic Ostracods from the Southern Gulf of Mexico 

M. L. Machain-Castillo and R. Gío-Argáez 81
  
6 Marine Turtles of the Gulf of Mexico: Abundance, Distribution and 

Protection 
R. Márquez-M., J. Díaz-F., V. Guzmán-H, R. Bravo-G. and M. del 
Carmen Jimenez-Q. 89

  
7 Current Knowledge of Benthic Communities in the Gulf of Mexico 

E. Escobar Briones 108
  
8 Biology, Exploitation and Management of Groupers (Serranidae, 

Epinephelinae, Epinephelini) and Snappers (Lutjanidae, Lutjaninae, 
Lutjanus) in the Gulf of Mexico 

T. Brule, T. Colas-Marrufo, E. Perez-Díaz and C. Déniel 137
  
9 Birds of the Gulf of Mexico and the Priority Areas for their Conservation 

J. D. Gallardo, E. Velarde and R. Arreola 180
  

 ii



 
Chapter  Page 

  
10 Current State of Molluscan Resources of the Gulf of Mexico 

E. R. Baqueiro Cárdenas 195
  
 Part Three: Ecosystems of the Gulf of Mexico 
  

11 The Gulf of Mexico – Past, Present and Future: A United States, Mexico, and 
Cuba Collaboration 

J. W. Tunnell, Jr., D. L. Felder and S. A. Earle 222
  

12 Coastal Lagoons and Estuaries of the Gulf of Mexico: Toward the 
Establishment of Ecological Indicators 

F. Contreras E. and O. Castañeda L. 230
  

13 Impacts of Urbanization on Coastal Zones.  Case Study: Altamira-Madero-
Tampico Conjoined Area, Tamaulipas, Mexico 

S. Jiménez, W. Salinas and J. Campos 262
  

14 Estuary-Sea Ecological Interactions: A Theoretical Framework for the 
Management of Coastal Environment 

A. Yáñez-Arancibia, A. L. Lara-Dominguez, P. Sánchez-Gil and J. W. 
Day 271

  
15 Beaches and Dunes of the Gulf of Mexico: A View of the Current Situation 

P. Moreno-Casasola 302
  

16 Flora and Vegetation of Freshwater Wetlands in the Coastal Zones of the 
Gulf of Mexico 

A. Lot 314
  

17 Coral Reefs of the Gulf of Mexico: Characterization and Diagnosis 
E. Jordán-Dahlgren 340

  
18 Environmental Geology of the Coastal Zone 

A. Carranza-Edwards, L. Rosales-Hoz, M. Caso Chávez and E. 
Morales de la Garza 351

  
19 Marine Ecosystems in the Northwestern Region of Cuba 

G. González-Sansón and C. Aguilar-Betancourt 373
  
 Part Four: Management of the Coastal Zone of the Gulf of Mexico 
  

20 Conservation Prospects in the Gulf of Mexico 
R. de la Maza and A. Bernardez 392

 iii



Chapter  Page 
  

21 Hydrocarbons in the South of the Gulf of Mexico 
G. Gold Bouchet 404

  
22 Metals Distribution and Contamination in the Gulf of Mexico 

A. Vázquez-Botello, S. Villanueva-Fragoso and L. Rosales-Hoz 425
  

23 Exploitation and Conservation of Shrimp Resources 
A. Gracia 448

  
24 The Sustainability of the Gulf of Mexico’s Fishing Grounds 

A. Díaz-de-Leon, J. I. Fernández, P. Álvarez-Torres, O. Ramirez-
Flores and L. G. López-Lemus 457

  
25 Fishing in the Gulf of Mexico: Towards Greater Biomass in Exploitation 

V. Arenas Fuentes and L. Jiménez Badillo 468
  

26 Hypoxia in the Gulf of Mexico 
N. Rabalais 478

  
27 The Reproductive Condition of the White Shrimp Litopenaeus setiferus 

(Crustacea: Penaeidae): Evidence of Environmental Deterioration in the 
Southern Gulf of Mexico 

C. Rosas, E. L. Cooper, D. Pascual, R. Brito, R. Gelabert, T. Moreno, 
G. Miranda and A. Sánchez 490

  
28 Coastal Eutrophication in the Yucatán Peninsula 

J. A. Herrera-Silveira, N. Aranda Cirerol, L. Troccoli Ghinaglia, F. 
A. Comín and C. Madden 512

  
29 The Mississippi Delta: System Functioning, Environmental Impacts and 

Sustainable Management 
J. Day, P. Templet, J. Y. Ko, W. Mitsch, G. P. Kemp, J. Johnston, G. 
Steye, J. Barra, D. Justic, E. Clairain and R. Theriot 533

  
30 Observation of Impacts in the Gulf of Mexico Through Satellite Imagery 

R. Aguirre Gómez 554
  

31 Guidelines for the Regional Integrated Coastal Zone Management Program 
of the Gulf of Mexico and Caribbean 

D. Zárate Lomelí, A. Yánez-Arancibia, J. W. Day, M Ortiz Pérez, A. 
Lara Domínguez, C Ojeda de la Fuente, L. J. Morales Arjona and S. 
Guevara Sada 570

  

 iv



 
Chapter  Page 

  
32 Between Science and Politics: Incorporating the Marine, Coastal and 

Continental Components of the Gulf of Mexico 
A. Toledo 598

  
33 Impacts of Oil and Gas Activities on Coastal Wetland Loss in the 

Mississippi Delta 
J. Y. Ko, J. Day, J. Barras, R. Morton, J. Johnston, G. Steyer, G. P. 
Kemp, E. Clairain and R. Theriot 608

  
 Part Five: Socioeconomic Aspects of the Gulf of Mexico 
  

34 Towards Integrated Management of the Gulf of Mexico Large Marine 
Ecosystem 

A. Díaz-de-León, P. Álvarez-Torres, R. Mendoza-Alfaro, J. I. 
Fernández-Méndez and O. M. Ramírez-Flores 623

  
35 Regulations in Coastal and Marine Zones 

A. Vázquez García 638
  

36 Monitoring and Surveillance of Coastal Zones 
J. N. Iturruaga 654

  
37 Ambivalences and Asymmetries in the Urbanization Process in the Gulf of 

Mexico: Environmental Pressures and Population Concentration 
C. León and H. Rodriguez 661

  
38 Reinventing the Gulf of Mexico 

S. Guevara Sada 691
 

 v



PREFACE TO THE ENGLISH EDITION 
 

International cooperation and collaboration among scientists, governments, non-
governmental organizations, and the public must occur to insure the long-term sustainable use 
and conservation of the Gulf of Mexico.  The United States and Mexico surround most of the 
Gulf of Mexico, but Cuba is situated where waters enter and exit from the Gulf, making it 
critically important also.  However, even though the Gulf of Mexico is one of the most 
economically and ecologically productive bodies of water in the world, none of the three 
countries have developed an integrated strategic plan for the Gulf’s future.  In the U.S., most 
focus has been on the Atlantic and Pacific coasts; and ironically, more attention has been paid to 
much smaller bodies of water, such as Chesapeake Bay and the Great Lakes.  In Mexico, most 
attention has focused on the Pacific coast, and particularly the Gulf of California in recent years, 
as well as the Meso-American Barrier Reef System along Mexico’s Caribbean coast. In Cuba, 
one of the least studied and known regions is that area facing the Gulf of Mexico from the 
western tip of the island to the capitol city of Havana. 

The good news is that focus is now finally shifting towards the Gulf of Mexico, both in 
regards to its value and its problems.  Economic values include vast oil and gas production and 
reserves; highly productive fisheries; excellent tourism destinations; and ecologically valuable 
natural habitats such as seagrass beds, oyster reefs, coastal wetlands, sandy beaches, coral reefs, 
submerged banks, deep coral areas, and more.  Environmental pressures and impacts on these 
natural systems are generally caused by increasing population levels and the infrastructure to 
support the above-mentioned economic values (oil and gas impacts, overfishing, coastal 
development).  Catastrophic damage from hurricanes in 2004-2005 in all three countries has also 
focused attention on the Gulf. 

Recent major reports/commissions have pointed out the value of our coasts and oceans, 
as well as vast problems needing attention (Pew Ocean Commission, 2003, and U.S. Ocean 
Commission, 2004).  The U.S. President’s Ocean Action Plan (Committee on Ocean Policy, 
2004) subsequently proposed approaches to accomplish major parts of the U.S. Ocean 
Commission Report, one of which was a regional approach; and he singled out the Gulf of 
Mexico as an example.  Most recently, Mexico released its new document regarding Mexico’s 
environmental policy towards oceans and coasts, Política Ambiental Nacional para el Desarrollo 
Sustentable de Oceanos y Costas de México: Estrategias para su Conservación y uso Sustenable 
(National Environmental Policy for the Sustainable Development of Oceans and Coasts: 
Strategies for their Conservation and Sustainable Use; SEMARNAT 2006).  The newly 
established Harte Research Institute for Gulf of Mexico Studies is developing as a research 
center of excellence with a mission to support and advance the long-term sustainable use and 
conservation of the Gulf of Mexico (Tunnell and Earle 2004).  One of our main goals at HRI is 
trinational cooperation and collaboration, as well as dissemination of knowledge between the 
U.S., Mexico, and Cuba in regards to the Gulf of Mexico large marine ecosystem.  To that end 
we joined with the Instituto Nacional de Ecología (National Institute of Ecology in Mexico) to 
co-sponsor their Diagnóstico Ambiental del Golfo de México conference in Veracruz , 22-23 
August 2003, and the subsequent release of the two volume publication of the same name in late 
2004. 

Exequiel Ezcurra, then President of INE, and I made an agreement to publish this 
important and highly relevant work in English, since it contained information and new 
knowledge about the Gulf that was not readily available to scientists, managers, and policy 
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makers in the United States.  The two volumes contain 38 chapters grouped in five sections: 
physical and chemical characteristics, biota, ecosystems, coastal zone management, and 
socioeconomic aspects.  The new English Edition of this environmental analysis will be made 
widely available to U.S. scientists, students, educators, and natural resource managers.  

 
John W. Tunnell, Jr. 
Summer 2007 
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FOREWORD TO THE SPANISH EDITION 
 

Nature is a complex system with multidimensional interactions. Given that management 
is a type of interference with nature, responsible and effective management requires knowledge 
of nature’s interactive mechanisms. Therefore, the fundamental mission of the Instituto Nacional 
de Ecología (National Institute of Ecology; INE) is to generate scientific and technical 
information regarding environmental problems, in order to inform society, support decision-
making, promote environmental protection and sustainable use of natural resources. 

Natural resources derived from the sea have particular characteristics and complex 
problems that involve their use and protection. The range and interconnectivity of coastal and 
marine ecosystems, as well as their inaccessibility, contribute to difficulty in studying these 
marine natural resources. 

The Gulf of Mexico is practically an interior sea, partially connected with the Atlantic 
Ocean through the Florida Strait and with the Caribbean through the Yucatán Channel. Its water 
mass is bordered in the south by six Mexican states, in the north by five states of the United 
States and in the east by Cuba. 

The area receives important freshwater inflows from the main rivers of North America: 
the Mexican section receives 60% of the national river discharges and contains 75% of the 
surface of the country’s estuarine environments (Botello et al. 1998); on the United States side 
the Mississippi River discharges and average of 580 km3 freshwater/year in the northern Gulf of 
Mexico and is responsible for approximately 90% of the freshwater flow into the Gulf (Day et al. 
2004; Rabalais 2004). 

A great diversity of highly productive habitats occurs in the coastal zone of the Gulf of 
Mexico, such as bays, deltas, coastal lagoons and estuaries, salt marshes, seagrass beds and coral 
reefs. 

Coastal environments are strongly affected by a large number of activities that are 
frequently incompatible with each other. Currently, human activities are the main direct or 
indirect cause of changes in marine biodiversity, whose effects are almost always irreversible, 
unlike natural perturbations that have existed continuously through time in the ocean (National 
Research Council 1995). The majority of current and potential threats to marine biodiversity 
occurs in the coastal zone and is the result of demographic trends of the human population. It is 
estimated that almost 70% of the world’s population lives on the coast or at less than 60 km from 
it. This percentage keeps increasing, and the total population may double in less than 30 years 
(Norse 1994). 

In response to the complex problems of this ecosystem, shared by three countries, it is 
necessary to deal with it in a joint, trans-boundary and disciplined manner. This will contribute 
to the prevention, decrease and control of degradation of the coastal and marine environments, 
with the objective of maintaining and even improving their productive capacity. This situation 
brings the necessity of performing an environmental diagnosis of the Gulf of Mexico, which 
includes identifying: 1) trans-boundary problems; 2) geographic areas that require priority 
attention in an integrated manner; 3) available information; and, 4) threats that exist in the Gulf 
of Mexico. 

Through the workshop Diagnóstico Ambiental del Golfo de México (Environmental 
Analysis of the Gulf of Mexico) held in the city of Veracruz in August 2003, we promoted a 
meeting of experts on various environmental aspects of the Gulf of Mexico. The main objective 
was to increase and strengthen academic exchange among environmental authorities of the 
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federal government and researchers from different institutions, working in different fields and 
with a broad knowledge of the Gulf of Mexico. The international character of the event fostered 
increasing collaborative links among the three countries that share the resources of this important 
ecological region. The publication of this book peaks this effort. We consider this as a first step 
to establish a medium- and long-term action plan to increase regional cooperation mechanisms 
and to advance the sustainable and integrated development of the Gulf of Mexico. 

 
Margarita Caso, Irene Pisanty and Exequiel Ezcurra 

                Instituto Nacional de Ecología, Mexico 
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