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Abstract: The coastal evolution of the microtidal Tubul-Raqui wetland in south-central Chile (36◦ S),
which historically has been affected by large earthquakes and tsunamis, particularly the 1960
(Mw = 9.5) and 2010 (Mw = 8.8) subduction earthquakes and their associated tsunamis, is analyzed.
Historical aerial photographs and topographic and bathymetric surveys from the 1961–2017 period,
as well as salinity, sediment, and flora data obtained following the 2010 earthquake were used
for comparison with data from prior to the event. A steady state of the shoreline was established,
with an average erosion rate of −0.016 m/year in the 1961–2017 period. However, erosion pre-
dominated in the period between these two large earthquakes (1961–2009), with an average rate
of −0.386 m/year. The wetland dried up, partially recovered saline intrusion a year later, and
recovered the salinity conditions it had before the earthquake two years later. The postearthquake
effects on the floristic composition were not significant, with the species Spartina densiflora, which
presented a high tolerance to these types of changes, predominating. Moreover, 75 percent of the
taxa in pre- and postearthquake conditions coincided, with the halophyte species Spartina densiflora,
Sarcocornia fructicosa, and Cotula coronopifolia predominating, while the best-conserved community
was Spartina-Sarcocornia association located in the saltmarsh. Seven years after the earthquake, the
shoreline presented an accretion rate of 2.935 m/year; if the current tectonic conditions prevail, an
erosive trend can be expected in the coming decades. The morphological variability and the changes
associated with the shoreline in this wetland are strongly controlled by tectonic factors. Criteria
aimed at integrated coastal management to promote its occupancy and use in accordance with its
evolutionary dynamics are proposed.
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1. Introduction

Coastal wetlands are currently the object of worldwide concern, given the heavy
anthropization of the coastal zone and the need for climate change adaptation mechanisms.
In addition to being the most biologically productive ecosystems and important sources of
biological diversity, water reservoirs are responsible for high primary productivity [1]. Due
to their fragility and delicate ecological equilibrium, they are susceptible to anthropogenic
and natural disturbances that determine their functioning and variability [2].

In this respect, research on natural disturbances associated with earthquakes and
tsunamis that affect coastal wetlands on a geological scale is well represented (e.g., coseis-
mic subsidence rates for large earthquakes, their relationships with paleotsunamis, and
ancient sea levels) [3–14]. However, for historical and short-term scales, research has been
limited, and there has been little systematization of the function of violent disturbances
such as earthquakes and tsunamis in recovery and change adaptation mechanisms in
coastal wetlands [15–19]. An understanding of such changes and the ways in which the
coast readapts is fundamental for guiding the use and forms of occupancy of the coast,
given the increase in extreme events in the last decade (typhoons, hurricanes, meteot-
sunamis, storm surges) and the increasingly destructive damage caused by earthquakes
and tsunamis [20–26]. Moreover, these adaptive characteristics, in addition to maintaining
the essential functions of the coast, are an indicator of system resilience [27,28]. Studies that
integrate the physical, ecological, biogeochemical, and geomorphic responses of estuaries
to sea level rise [29] or any other type of change in water level are fundamental to bridging
the remaining knowledge gap for better coastal zone management.

In Chile, the study of coastal wetlands has been approached mainly in terms of
biological diversity, in keeping with the worldwide trend [29–37], and the effects of ur-
banization [38–40]. Dura et al. [14] recently studied the frequency of large tsunamigenic
earthquakes using records of sediment deposits in ancient wetlands of the coast of central
Chile (33◦ S). Nonetheless, little is known about the natural change factors in these envi-
ronments that would allow their integration into coastal management plans such that uses
could be planned in accord with the functioning and natural dynamics of the wetlands that
are continually exposed to earthquake and tsunami phenomena.

In central Chile (32◦–37◦ S), the Mw = 8.8 earthquake of 27 February 2010 and the
associated tsunami generated widespread destruction along 600 km of the coast, causing
major morphological, social, and environmental changes [41–43]. Coastal uplift of up to
1.8 m occurred on the coast of Lebu (37◦ S), uncovering shore platforms and resulting in
changes in the intertidal zone and drying of wetlands [44–47].

One of the most affected coastal wetlands was Tubul-Raqui (36◦ S), the aquatic
components of which underwent significant modifications, especially in the intertidal
marshes, which partially dried up [48–50]. Here, the magnitude of coastal uplift was
1.4 m, which interrupted the entry of the tide that allowed the saltmarsh to be main-
tained, causing a significant ecosystem impact, mainly due to the mortality of benthic
macroinvertebrates [44–46,51,52]. According to [53,54], coastal uplift produced limitations
on the exchange of river flow with the ocean, causing a decrease in the salinity of the water
in the wetland, severely affecting the two most important benthic species for artisanal
fishing, the alga pelillo (Gracilaria chilensis) and the bivalve razor clam (Ensis macha), with
no evidence of any degree of recolonization.

Since the 1960 earthquake, the Chilean coast had not been affected by a large-magnitude
earthquake and tsunami with such violent modifications of the coastal geomorphology,
which has brought about the need to investigate the change factors of a tectonic coast
to generate applications on a land-use planning and coastal management scale since the
urbanization processes underway in the country have developed around coastal axes,
forming new metropolitan areas and in turn new coastal axes [55,56]. In addition, the need
for adaptation mechanisms requires an understanding of how to plan human settlements
and urban expansion in safe areas by considering given climate change scenarios [57]. In
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