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Résumé 
Les habitats lagunaires de La Mancha, localisé au centre de la côte de Veracruz au 
Mexique, répondent aux variations des apports de sédiments touchant sa passe principale, 
au niveau du Golfe du Mexique. Depuis plusieurs décennies, une dynamique sédimentaire  
longitudinale crée des ouvertures et des fermetures périodiques de la lagune. Le régime 
hydrologique de la lagune se caractérise donc par à une augmentation du niveau d’eau et 
une faible salinité pendant les périodes de fermeture, et un niveau d’eau plus bas, une 
salinité plus forte et une accumulation sédimentaire au niveau du delta de flot durant les 
épisodes d’ouvertures. L’analyse des photographies aériennes montre, qu’au cours des trois 
décennies précédentes, la stabilisation des dunes situées en amont a entraîné l’arrêt du 
transport éolien du massif dunaire vers le trait de côte. Le secteur près de la passe se 
trouve donc érodé, en raison du déficit sédimentaire actuel. En relation avec cet apport de 
sédiments réduit, la passe reste ouverte plus longtemps et les alternances de niveau d’eau 
et de salinité sont réduites tandis que la vitesse de sédimentation dans le delta de flot 
augmente. Cette combinaison de perturbations au niveau de la passe modifie d’une part le 
régime hydrologique qui assurait le développement d’un habitat de mangrove important en 
bordure de la lagune et provoque d’autre part une sédimentation accélérée de secteurs 
profonds du lagon à proximité de la passe. 
Mots-clés : dynamique sédimentaire, passe, lagune, « headland-bypassing », Mexique 
 
Introduction 
The east coast of Mexico along the Gulf of Mexico is a very dynamic region with a variety of 
coastal geomorphologies responding to the localized input of sediment and the episodic 
mobilization under seasonal weather conditions.  The central portion of the coastal state of 
Veracruz is generally oriented north-south, but incorporating a number of headlands created 
by the Trans-Mexican Volcanic Belt producing offsets in the coastal trend and segmenting 
the alongshore transport system (Fig. 1).  Sediment transport is primarily from north to south 
and is variable because of localized fluvial inputs, lithological barriers, and landforms of 
sediment accumulation and sequestration.  As sediment supply waxes and wanes, the 
geomorphological responses in the form of beach features and coastal dunes interact to 
alter some aspects of the coastal lagoonal habitats and their associated hydrologic regimes.  
Specifically, the mouth of the La Mancha lagoon has apparently evolved from a condition of 
relatively closed and more stable to longer duration of being open and much more mobility.  
Some of the changes may be related to normal variation, but there are signs that the 
manipulation of sediment supply may have an anthropogenic cause. 
  
1.  General Setting 
 
The coastal topography of central Veracruz consists of Holocene fluvial and marine 
sediments draped around volcanic promontories.  The tides are relatively minor in this 
portion of the Gulf of Mexico; the diurnal mean tidal range is about 0.6-0.7 m at the port of 
Veracruz.  Winter storm tides often exceed 1.5 m in the southern Gulf of Mexico as high 
pressure systems in North America cause strong cold winds from the north (nortes) (Gómez, 
2002). 
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Figure 1. Location of La Mancha Lagoon 
on the Gulf Coast of Mexico.  The aerial 
photograph portrays the association of 
bedrock and depositional topography 
delimiting the lagoonal setting. 
 

These seasonal northerly winds generate 
the most energetic waves of the year and 
produce a net north to south drift in the 
littoral transport system.  The norte winds 
also generate considerable eolian 
transport in the same direction, producing 
sizeable coastal dunes and dune fields 
depending on the orientation of the 
shoreline to the wind vectors (Fig. 2).  
Hurricanes are another factor in raising 
water levels and generating storm waves 
that affect the coastal region in Veracruz.  
Although hurricane winds are very strong, 
they are normally of short duration.  There 
is a marked rainy season from April to 
November with convectional rainfall, 
amounting to 1260 mm per year at the 
coast and increasing inland.  
 
The La Mancha lagoon occupies a 
topographical niche that is on the leeward 
side of a volcanic headland and updrift of 
a sizeable fluvial deltaic plain that supplies 
considerable sand to the coastal transport 
system.  As a result of its shielded and 
distal situation, it has had minimal 
sediment input from either the fluvial 
source or from the alongshore marine 
source.   
 
2.  Hydrological Characteristics 
 
The inlet to La Mancha lagoon is located 
near its northern margin between two 
volcanic headlands.  In the past, the inlet 
was open only for a few months during the 
latter part of the rainy season.  The inlet 
was sealed by a broad berm that was 
episodically elevated during the norte 
period by higher water levels that 
transported sediment onto its crest and 
displaced it slightly inland, similar to a 
process of berm elevation and inland 
displacement at an inlet in Tabasco, 
Mexico (Psuty, 1967).  The high elevation 
berm subsequently caused water to 
collect in the lagoon and elevate the 
standing water level until rainy season 
discharge eventually breached the sand 
accumulation in the inlet.  This hydraulic 
regime of high water level during the drier 
norte period and lower water level in the 
latter part of the rainy season was 
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essentially driven by the availability of sediment at the inlet and the storm surge that 
broadened and elevated the beach berm across the inlet. 
 
 

 
Figure 2.  Segmented shoreline created by volcanic axis projecting into the Gulf of Mexico.  
Coastal dune fields aligned along a north-south axis are migrating inland across the NW-SE 
trending shoreline segments.  La Mancha lagoon is at the confluence of the fluvial plain and 
the volcanic belt.  Image courtesy of Google Earth, Inc. 
 
 
Present day conditions show a different hydrological regime from that of the past.  
Monitoring of the water levels at La Mancha reveals a much longer portion of the year with 
low water levels (indicative of an open inlet) (Fig. 3).  Over the span of the three years of 
record, although the record is incomplete, the inlet was open about half of the time according 
to observations on site.  And, the inlet was open for more than the rainy season.  Overall, 
there was considerable variation in the water level of the lagoon throughout the year as the 
sediment alternatively clogged the opening and was breached by the rising lagoon level.  In 
general, the norte season tended to have higher water levels in the lagoon, thereby 
suggesting that the storm surges were contributing to the elevation of the berm and aiding in 
the closure of the inlet.  There seems to be a seasonal signature in 2005 and 2006 with 
prolonged periods of high or low water level.  There are also short durations of oscillating 
water levels that are more likely related to rain events than to inlet morphologies.   

La Mancha lagoon
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Figure 3. Water level variation in the La Mancha lagoon, 2004-2006 
 
 
3.  Sediment Supply 
 
The alongshore transport of sediment to maintain the sediment budget of the beach-dune 
system is often the product of waves and currents, but eolian transport may be important in 
special situations along embayed coasts.  Parts of the west coast of South Africa have been 
described as having substantial eolian transport from one embayment to another across 
headlands.  Tinley (1985) has named these areas “headland bypass dune fields” and has 
noted the importance of these dune fields in the regional and local sediment budget.  These 
headland areas are locations of large dune forms that migrate from one embayment, across 
the intervening projecting headland, and into the next embayment. In so doing, sediment is 
transferred downdrift to support beach and dune forms in the next embayment.  Swart and 
Reyneke (1988) and Schoonees and Barwell (1991) have interpreted associations of 
regional coastal geomorphologies that are related to the pulsations of sand crossing 
headlands during times of natural mobilization, stabilization, and re-mobilization to support 
episodes of accretion and erosion.  These are examples of the complexity of downdrift 
sediment transport scenarios in sites of irregular shorelines and with localities of sediment 
availability.  An additional effect to the sediment transport situation occurs when human 
intervention is applied to alter the pattern of sediment mobility by either attempting to restrict 
transport or inadvertently accelerating transport.  McLachlan, et al. (1994) point to downdrift 
erosion results that occurred because of dune field stabilization decisions that eventually 
changed the sediment supply coming into an embayment across a headland.  They call 
attention to the need to fully understand the sediment pathways that exist in a coastal unit 
and to consider the cascading effects of interruptions anywhere in the sequence of sediment 
travel. 
 
The La Mancha lagoon embayment is apparently being affected by the updrift changes in 
sediment transport across the headland at its northern extent.  Similar to the occurrences in 
South Africa, sand has been transported downdrift across the headland by eolian processes 
to supply sediment to the adjacent beach.  But, conditions have been changing in the past 
several decades.  A combination of natural encroachment of vegetation cover and 
purposeful plantings have decreased the bare sand area and have reduced the transport of 
sediment downdrift (Fig. 4).  Aerial photography from 2006 demonstrates the very broad 
extent of former parabolic dunal forms and the lack of bare sand at present (Figure 5).  
Whereas only a small portion of this dune field was active in the 1980s when the recent 
stabilization practices were initiated, this reduction of sediment supply is limiting the 
sediment available to build the beach in the immediate downdrift area and is leading to 
increased shoreline erosion and further effects at the inlet. 
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Figure 4.  The partially stabilized dune field located to the north of La Mancha lagoon is 
reducing the transport of sediment into the beach zone at the lagoon inlet (June 2005).  The 
view is from the north looking toward the south, immediately updrift of the entrance to La 
Mancha Lagoon. 
 
 
4.  Inlet Morphology 
 
There are two main components to the geomorphological features at the inlet:  1) the storm 
berm, and 2) the flood tidal delta.  The storm berm is part of the beach and it is created 
primarily during the norte storm surge, and at times during the hurricane storm surge.  When 
there is adequate sediment in the beach, the berm becomes elevated and is displaced 
inland as storm waves and higher water levels cause accumulation high on the profile.  But if 
sediment supply is inadequate and the beach profile is low and sediment starved, norte 
waves and high waters will easily top the berm and send water and sediment into the 
lagoon.  Under low sediment supply, the norte conditions may breach the low berm and 
allow for periods of an open inlet and low water in the lagoon.  Thus, reduced sediment 
supply results in a more poorly-developed storm berm and creates an opportunity for greater 
occurrence and greater duration of an open inlet into La Mancha lagoon.   Also, in 
association with the lower storm berm and with a longer period of the open channel to the 
inlet, there is a greater duration when tidal exchanges can direct sediment into the northern 
section of the lagoon.  This is an important change to the environmental character because 
the former relationship of the lagoon to sediment supply was at the distal margin of the 
fluvial plain emanating from the south.  The northern end of the lagoon was shielded from 
sediment coming across the headland and was also inland of a barrier that prevented beach 
sediments from entering through the inlet. However, with the change in sediment supply at 
the inlet, the longer duration of an open inlet has been accompanied by an areal expansion 
of the flood-tide delta formation and the shallowing of the northern portion of the lagoon.  
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The inlet continues to pass through the temporal oscillation of being open and closed.  
However, the pattern of long periods of high water alternating with shorter periods of low 
water and inlet opening has changed.  This situation, in turn, is causing changes in salinity 
gradients, distribution of sediment types, and it is affecting many of the ecological habitats 
within the lagoon and along its margins.   
 

 

 
Figure 5.  Two major lobes of former eolian transport across the headland leading to the inlet 
at La Mancha lagoon, 2006 aerial photo.  A few of the parabolic dune features are identified. 
Many more are present. The flood tidal delta at the inlet is extending into the lagoon. 
 
 
Conclusions 
 
Sediment transport by eolian processes is important to the hydraulic regime of La Mancha 
lagoon.  The availability of sediment supply passing across the headland to the position of 
the inlet into La Mancha supported the creation of a substantial storm berm across the inlet 
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and that resulted in a high water level in the lagoon for much of the year.  In turn, the 
habitats along the lagoon margin and within the lagoon were established in association with 
the high water and lack of sedimentation.  Now, because of the introduced stabilization of 
the headland dunes, a decreased sediment supply at the inlet is responsible for a reduced 
storm berm and more opportunities for an open inlet.  Ancillary changes in the form of 
greater duration of low water level, increased salinity in the lagoon, and shallowing of the 
northern portion of the lagoon are driving associated modification of the habitats and 
applying stresses throughout the system.   
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