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EXECUTIVE SUMMARY  
  
In Southern California, coastal wetlands are an important part of the natural landscape, providing 
recreation, wildlife habitat, water filtration, carbon storage, flood mitigation and act as a natural 
buffer against sea-level rise. Largely due to urbanization however, the southern region’s wetlands 
have been reduced by 62% of their historic coverage (Regional Strategy 2018). They are now one 
of the most threatened coastal habitats in California and the world in general (NOAA, 2019). 
Coastal wetlands are the front line of many ocean-related stressors, making them highly vulnerable 
to one of the biggest stressors, sea-level rise. For Southern California, sea-level rise is projected to 
be about 24 inches or 2 ft by 2050 and 66 inches or 5.5 ft by 2100 (Griggs et al. 2017). It is 
estimated that with 24 inches of sea-level rise, 800 acres of Southern California coastal wetlands 
will be inundated and with 66 inches of sea-level rise, around 2,900 acres will be inundated 
(Regional Strategy 2018). With over half of these wetlands gone and the remaining wetlands at 
high risk of rising seas, these coastal habitats are more vulnerable than ever before. However, 
despite these threats, there is still a chance to slow flooding down and enable wetlands to become 
more resilient through habitat restoration and adaptation strategies.  
  
This case study evaluates how Ormond Beach and the Tijuana River Estuary are considering 
innovative adaptation strategies needed to keep pace with increasing coastal storm activity and sea-
level rise. Although each wetland restoration and sea-level rise adaptation strategy varies, the 
Ormond Beach wetland complex and the Tijuana River Estuary in Southern California represent 
some of the greatest chances of successful coastal wetland restoration and adaptation because they 
are some of the largest wetlands remaining on the coast of California (Regional Strategy 2018). 
They each are home to about 680 acres and 750 acres of wetlands respectively, with great potential 
for restoration (Regional Strategy 2018). These specific areas represent a unique opportunity to 
restore wetlands in the state as there is less opportunity to restore wetland habitats with commercial 
development increasing near the coast. Adaptation strategies for these sites focus on restoring and 
maintaining the wetland system connections including tidal flow connection from the estuary 
mouths, connections across various habitat elevations like upland to subtidal habitats, and wetland 
connection to freshwater, such as groundwater or river systems.  

  

  

COASTAL WETLANDS IN SOUTHERN CALIFORNIA  
  
The U.S. Environmental Protection Agency (EPA) describes a coastal wetland as an area where 
freshwater mixes with salt water from the ocean and depending on tidal action, the water levels 
fluctuate to support a unique set of wetland habits that are suited to thrive in this type of dynamic 
system (What is a Wetland? 2018). The EPA further defines wetlands in two general categories: 
coastal or tidal wetlands and non-tidal or inland wetlands (What is a Wetland? 2018). Wetlands can 
also be further categorized by archetypes, which base the categories on how wetlands use similar 
processes to respond to external pressures and how the wetlands as a group function together 
(Regional Strategy 2018). The seven archetypes include: small creeks, large and small lagoons, 
intermediate estuaries, large and fragmented river valley estuary, and open harbor/bay.  
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Globally, coastal wetlands are the most productive ecosystems (Why are Wetlands Important? 
2018). In Southern California, wetlands are an important part of the coastal natural landscape, 
providing productive wildlife habitat, water filtration, carbon sequestration and flood mitigation. 
Historically, Southern California consisted of about 33,400 acres of coastal wetlands (Regional 
Strategy 2018). However, largely due to urbanization, the region’s wetlands have been reduced by 
62% of their historic coverage (Regional Strategy 2018).   
  
Many of Southern California’s coastal wetlands are located near an urbanized city. Many coastal 
cities have private or commercial development or man-made barriers such as sea walls near these 
wetlands, leaving less room for a wetland transition. This phenomenon is called “coastal squeeze” 
and refers to when coastal habitats get squeezed into a narrow zone as sea-level rises, there is less 
room for a natural transition of wetlands to move inland because of coastal defenses or land use 
development (Doody 2013). In some of these cases, human land uses and infrastructure such as 
dikes, roads, or even agriculture would need to be removed in order to expand the wetland upland 
transition capacity and reduce the “coastal squeeze” that is putting the wetlands more at risk as sea 
levels rise.   
  
Nevertheless, coastal wetlands are habitats that can be resilient against sea-level rise as adaptation 
strategies will help them adapt to changes. To maintain these existing wetlands, investing in 
conserving space for transitional zones will support the resilience of these wetland ecosystems and 
can provide other benefits like recreation for the community, clean water, and a natural buffer 
against storm surges and sea-level rise.  
  
  
  

ORMOND BEACH WETLAND COMPLEX  
  
The Ormond Beach Restoration and Public Access project (OBRAP) represents one of the largest 
potential coastal wetland restoration projects in Southern California with a project area of 630 
acres (OBRAP Final Plan, 2021). Ormond Beach is located in Ventura County, California in the 
City of Oxnard between Port Hueneme and Point Mugu Naval Air Station. The beach is a 
1,500acre area composed of wetland ecosystems, agriculture lands, and industrial development. 
Ormond Beach is a vital destination for many migratory birds, as part of the Pacific Flyway it is a 
stop for about 200 bird species. It is also home to many threatened or endangered seabirds, such as 
the Western Snowy Plover (Charadrius alexandrius spp. nivosus) and the California Least Tern 
(Sterna antillarium ssp. browni) (OBRAP Final Plan, 2021).   
  
Ormond Beach is considered a “fragmented river valley estuary'' that today consists of mostly 
coastal dune, salt marsh, disturbed seasonal wetlands habitats, and wetland-upland transition 
(Regional Strategy 2018, OBRAP Final Plan, 2021). Before urbanized development began,  
Ormond Beach was once part of a large river estuary that came to be from the Santa Clara River 
Delta (Figure 2). The Delta had many channels that created wetlands all throughout Oxnard. 
However, most were dried out because of shifting tidal inlets from the Santa Clara River many 
centuries ago that have now resided in their current location (Stillwater Sciences 2014, Beller et al. 
2011, OBRAP 2021, Figure 2). In recent years, man-made channels have been put in place around 
Ormond Beach for not only flood control, but for agriculture, and commercial and residential land 
use (OBRAP Final Plan, 2021). The downside to this development is that the water supply flows 
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mostly to urban areas, taking away from the wetlands that have reduced over time. What is left are 
dried wetlands that still have salty conditions, shown in Figure 1. Having close proximity to the 
ocean, occurrences of occasional ponding from storm runoff, wave over wash, rainfall and 
groundwater along with evaporation has altered the structure of these dried wetlands to brackish 
salt marshes (OBRAP Final Plan, 2021).   
  

  
Figure 1: (Right) shows the Ormond Beach estuary in 2006 with a balanced freshwater and tidal input. (Left) Shows Ormond Beach in 2019 
with a depleted freshwater input and a closed lagoon mouth. Images are from the California Coastal records project and Google Earth, 
respectively.  

  

  
Figure 2: Santa Clara River system ending near Ormond Lagoon. Image from DEMIS Mapserver. 

 
 
 
Consequently, Ormond Beach now consists of many hydrologically disconnected and fragmented 
wetland systems, which has led to drier and saltier habitats. Ormond Beach supports several 
threatened and endangered species that will be affected by conversion or loss of habitat. For 
example, the Salt Marsh Bird’s Beak (Cordylanthus maritimus ssp. maritimus) lives in a low salt 
marsh. Therefore, when salt marsh conversion into brackish marsh occurred, the Bird’s Beak 
became threatened to the point that it is now on the federal endangered list (OBRAP Final Plan, 
2021). The Tidewater Goby can also be found in the Ormond Lagoon. They reside in the lagoon 
because of the seasonally closed lagoon mouth that keeps the water still, as well as low salinity 
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levels with emerging aquatic vegetation. The Tidewater Goby is federally endangered and will be 
further threatened by hydrological changes in the Ormond Lagoon and pesticide runoff from 
nearby agriculture and urbanization (OBRAP Final Plan, 2021). The California Least Tern also 
likes to nest in the open sand near the lagoon and the Western Snowy Plover nests in open sand 
near coastal dunes. Both chick nests are threatened by predation from gulls and ravens, and human 
and dog disturbance (OBRAP Final Plan, 2021).   
  
Wetlands are still visible during the wet season from the occasional rainfall, groundwater, 
freshwater runoff from the drains, and tidal inputs (OBRAP Final Plan, 2021). Salinity and 
freshwater mixing are crucial factors to keeping the soil moisture high for the formation of the 
wetlands. The high salinity in soil from salt water evaporation helps with the formation of salt 
marshes and salt pannes versus the low salinity that forms a brackish marsh system (OBRAP Final 
Plan, 2021). With the many water inlets needed by wetlands, the importance of having a tidal 
connection (access to the salty water) and freshwater connection (access to the river waters being 
diverted to Oxnard) is important to keeping the Ormond Beach ecosystem healthy.   
  
Over the past years, the widely important wetlands at Ormond Beach have also been drained, 
filled, and degraded (OBRAP Final Plan, 2021). It has historically been a site for illegal dumping 
in the City of Oxnard, and combined with the nearby operating power plant and an abandoned 
Superfund site, the water systems and air quality in the region have been degraded (OBRAP Final 
Plan, 2021). The Superfund site was abandoned in 2004 by Halaco Engineering Inc. and is now 
overseen by the US EPA. Oxnard city officials have also struggled with homeless encampments 
around the beach and the Superfund site. Restoration efforts for Ormond Beach have been in the 
works since the 1990s and the EPA is working diligently to create a plan to clean the toxins left 
behind from the Halaco site.   
  
In the last decade, the State Coastal Conservancy, The Nature Conservancy, and the City of 
Oxnard have taken over the management of the land. Scientific studies, land acquisitions, and 
feasibility studies have been conducted to show the overall threat and complexities of restoring 
Ormond Beach (OBRAP Final Plan, 2021). These organizations, with vital input from trusted 
stakeholders, have been working to develop the Ormond Beach Restoration and Public Access 
project (OBRAP) to help restore the Ormond Beach site to an enjoyable and cleaner beach with 
opportunities for public access and vital habitat restoration (OBRAP Final Plan, 2021). A 
preliminary plan was released for public review and comment in May 2019. A public workshop 
and focus groups were held in South Oxnard for English, Spanish, and Mixteco in July of 2019. A 
Preferred Alternative and Preliminary Design Plan will be released the summer of 2021 with 
consideration of public comments and refinements to the preliminary Preferred Alternative. (i.e., 
adding important elements of the plan include walking trail system, re-routing Ormond Lagoon, 
and an addition of a visitor’s center). The ideal plan will benefit both the local communities and 
habitat restoration, as well as include coastal resilience elements for possible sea level rise 
flooding. The plan is undergoing an environmental impact report and currently securing the 
permits and funds (possibly state bonds and grants) needed before committing to an alternative 
design and to the re-construction to begin in 2025.  
  
  
 
  

 THE TIJUANA RIVER ESTUARY   



9  

  
The Tijuana River Estuary lies at the mouth of the Tijuana River that encompasses San Diego  
County in the north and crosses into Northern Mexico to the south (Figure 3). Historically, the  
Tijuana River estuary was 750 acres to 1000 acres around the 1850’s. Today, the Tijuana River 
Estuary takes up 500 to 750 acres of wetland and there's hope that it can be restored to its historical 
acreage amount (Regional Strategy 2018). The Tijuana River National Estuarine Research Reserve 
(TRNERR) is approximately 928 ha (2,293 acres) owned by the US Fish and Wildlife Service and 
California State Parks with oversight from NOAA (Safran et al. 2017).   
  
  
 

  
Figure 3: The northern part of the Tijuana River National Estuarine Research Reserve in San Diego where the Tijuana River ends at the 
estuary mouth (Tijuana River Watershed Management Area Executive Summary 2017)  

   
  
  

 

The Tijuana Estuary is located in the transition zone between the Tijuana River and the Pacific 
Ocean with terrestrial, riparian and wetland habitats in the center. The estuary has a freshwater 
inlet from the watershed systems and saltwater inputs from waves, tides, and sand movement from 
the ocean (Safran et al. 2017). At the mouth of the Tijuana River is a diverse estuary that hosts an 
array of habitat types and is maintained by a daily ebb. The Tijuana River provides the estuary with 
freshwater and sediment levels, but mostly during flood events (Safran et al. 2017). Salt marshes 
have gone from 250 ha to 140 ha in total, reducing this habitat type by 42% within the Tijuana 
estuary (Safran et al. 2017).   
  
The expansion of urban development and agriculture has become the number one driver of habitat 
loss, covering almost two-thirds of the Tijuana Valley today. The estuary has been affected by 
sediment accumulation that has changed the hydrology of habitat types. For example, unvegetated 
intertidal mudflats have become vegetated salt marsh due to salt marsh plants like cordgrass 
(Spartina foliosa) and pickleweed (Sarcocornia pacifica), colonizing the unvegetated mudflat area. 
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The inland movement of salt marshes combined with dune systems moving landward has 
condensed the estuary acreage (Safran et al. 2017). Habitat loss from the first written detail of the 
mid 19th century has increased by 40 to 80%. Native plants and animals still thrive in the area with 
a productive ecosystem that supports many birds, fish, and invertebrates. The Tijuana River 
Estuary has tidal channels bringing in seawater to the estuary and has the Tijuana River bringing in 
the freshwater, giving the Tijuana estuary a balanced water dynamic of fresh water mixing with 
seawater.   
  
Specifically, Tijuana's southern estuary has lost about 40% of its salt marsh, mainly due to 
sediment accumulation from hillside erosion and tidal prism narrowing that has decreased over 
time from 55% to 85% (Safran et al. 2017). The sediment accumulation is a big part of why the 
TRNERR needs to have sediment management and tidal regime management approaches to restore 
intertidal habitats specifically from the southern portion of the estuary. On the other hand, sediment 
may play a positive role as sea levels rise. It may give the salt marsh habitat the capacity to 
transition upland and allow the estuary to keep up with rising water levels (Safran et al. 2017).   
  

  

SEA-LEVEL RISE AND WETLAND CONSIDERATIONS  
  
Future flooding from sea-level rise is a major issue in most of California’s coastal communities. 
Southern California is especially vulnerable to sea-level rise because of its flat plains and close 
proximity to the ocean. Throughout the last century, the California coast has experienced a 7.8inch 
rise in sea-level. Southern California is projected to have sea levels rise up to 24-inches by 2050 
and 55 to 66-inches by 2100 (Griggs et al. 2017, Regional Strategy 2018). Coastal cities are at the 
forefront of these impacts, though the coastal ecosystems that live in direct contact with the ocean 
are the first to be lost. Coastal storm threats such as heavy rainfall driven river discharge, large 
wave energy, can also cause water levels in the estuary or lagoon to rise, increasing flood risk. 
Therefore, a response to these coastal wetland impacts needs to be evaluated.   

Generally, the impact of sea-level rise on wetlands depends on their elevation and how much room 
they have to adapt and transition upland (Figure 4). The lower in elevation a wetland system is, the 
more vulnerable they are to flooding. The higher they are, the less vulnerable. In other words, if 
there is more of a vertical elevation where wetlands can transition upland, they have a better 
chance at withstanding certain amounts of flooding to transition and adapt upland before they 
become fully inundated.   
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Figure 4: Diagram depicting marsh migration space within a transitional zone (Regional Strategy 2018, page 61) 

The Southern California Coastal Water Research Project (SCCWRP) evaluated sea-level impacts 
to Southern California coastal wetlands using the projected low scenarios of 1.6 ft for 2050 that is 
said to lose 12% of marsh habitats and 5.5 ft for 2100 that is said to lose 48% (Doughty et al, 
2019). These scenarios predicted that at low sea-level rise (1.6 ft), salt marsh will convert to low 
marsh, and at higher sea-level rise (5.5 ft), vegetated marsh is expected to convert to intertidal 
mudflats and subtidal habitats. For example, the analysis predicts that with high sea-level rise (5.5 
ft) in the Tijuana River Estuary, the vegetated marsh will mostly consist of 32% mudflats and 24% 
subtidal (Doughty et al. 2019). These scenarios emphasize vulnerable habitat change that 
management efforts need to identify.   

Habitat change will be substantial under projected sea-level rise conditions. The Regional Strategy 
2018 report used a habitat change model to predict how much change will occur in the wetland 
systems with sea-level rise. They estimated that about 800 acres of vegetated and unvegetated 
marsh will be lost to 24 inches of sea-level rise and 3,700 acres will be lost to 66 inches of sea-
level rise. Though this model did not account for wetland transitions to upland habitat, having a 
transition zone can certainly decrease the amount of lost habitat (Regional Strategy 2018). For 
example, Figure 5 shows that with 0.6 m of sea-level rise, subtidal water will increase and 
vegetated and unvegetated wetlands will decrease in size with no transitioning involved. Habitat 
loss at 1.6 m of sea-level rise will increase the subtidal water and decrease the vegetated wetland to 
almost nonexistent (Doughty et al. 2019). The predicted habitat loss portrays the coastal squeeze 
phenomenon where there is not enough room for expansion for the wetlands to transition into when 
water levels rise. The coastal squeeze effect can be prevented if there is enough expansion for the 
vegetated wetlands to transition upland during storm surges or sea-level rise, making the wetland-
upland transition model vital for these scenarios.   

In Sea Level Rise Impacts to Coastal Habitats in Southern California Estuaries (2017), researchers 
evaluated whether there is opportunity today for Southern California coastal wetlands to 
accommodate sea-level rise. The authors compared habitat conversion with sea-level rise and no 
management action (Figure 5) to habitat conversion or loss if transition zones for wetlands were 
established to help the wetland habitats migrate as water levels increased. Figure 6 shows the first 
scenario with no transition zone does not allow for much adaptation in wetlands. On the other 
hand, allowing a transition to occur in undeveloped lands can increase the vegetated and 
unvegetated lands by 85% (Doughty et al. 2017). Furthermore, if the transition zone includes 
expansion into any elevated developed land, it is estimated to increase the vegetated and 
unvegetated wetland area by 160%. Though with this scenario, present infrastructure such as roads 
and levees would have to be removed, giving this scenario an unlikely chance of being pursued. 
Overall, it is safe to say that any type of room for wetland expansion will support the adaptation of 
the changing ecosystem in regards to climate change (Doughty et al. 2017, Figure 7).   
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Figure 5: A change in Southern California coastal wetland habitats over time with projected sea-level rise and with no wetland transitioning  
(Doughty et al. 2017) 
  
  

  
Figure 6: A change in coastal wetland habitats in Southern California with transitional zones in developed and undeveloped areas compared 
to habitat change with no transitional zone with sea-level projections of current, 0.6m (2050) and 1.6m (2100) (Doughty et al. 2017).  

  

 

In addition to migration affecting habitat change, an estuary mouth can also be a critical 
component of sea level rise vulnerability. Open estuary mouths facilitate water dynamics as it has a 
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constant flow of salt water from wave energy in the ocean and freshwater flow from river 
discharge (Doughty et al. 2017). If input from one of the outlets accelerates at a higher rate, hence 
sea levels rise, then the tidal prism of the mouth can change drastically. Already sediment 
movement from storm-driven wave energy events have resulted in estuary closures in several 
locations along the Southern California coast, which increases the flood depth and extent within 
the estuary system due to the natural drainage to the ocean being cut off (Behrens et al. 2015; 
Doughty et al. 2019). Flooding can not only inundate the many low-lying habitats that the estuary 
supports, but also change their water chemistry and salinity levels (Doughty et al. 2019).   
  
It is predicted that estuary closures will occur more often because of sea level rise. Doughty et al 
(2017) predicts that by 2050 there is about a 7%-13% chance that mouth closures are going to 
happen in lagoon systems (Figure 7). By 2100 the projections are said to triple, showing that mouth 
closures will occur at a range of 21%-48% with an approximate 1.5 m increase in the estuary water 
level (Doughty et al. 2017). With projected mouth closures and a change in water levels to the 
estuaries, the surrounding wetlands can start to see this dynamic as the new norm. The alteration of 
habitat composition will adapt to higher water levels, paving way to an evolution of new coastal 
systems.    
  
 
  

Figure 7: Shows a likely increase in estuary mouth closures by 2050 and 2100 without the combined values of inundation from sea-level rise 
(Doughty et al, 2017).  

  
  

  

A COMPARATIVE EVALUATION OF ADAPTIVE RESTORATION STRATEGIES   
 

  
One major strategy Ormond Beach proposed is increasing wetland mitigation potential by 
providing room for expansion upland. The Ormond Beach area in particular is surrounded by 
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agricultural areas that can also be restored, unlike other Southern California beaches that are 
surrounded by more urbanized development (Regional Strategy 2018). Historically, the Ormond 
Beach area housed important perennial wetlands that were formed by the Santa Clara River and 
connected with the ocean at the mouth (Beller et al. 2011). Now, the Ormond Beach project site is 
about 630 acres, with 79.5 acres now home to only seasonal wetlands, 107.8 acres home to salt 
marsh habitats, and 128.4 acres of coastal dune habitats (OBRAP Final Plan, 2021). The OBRAP 
mentions that most of the wetlands and sand dunes in Ormond Beach will transition upland as sea 
levels rise, so preparing for future predictions by restoring specific habitat species is crucial to 
understanding its hydrology dynamics. In the past, the wetland transition and upland zone had a 
89% coverage, which assisted with species adapting, but it has dropped to 62% coverage today, 
which has made the adaptation of certain species more difficult.   
  
The Ormond Beach wetland complex also includes Ormond Lagoon. The lagoon used to be a wide 
river mouth with an open inlet that would keep the tidal systems flowing for periods at a time as 
well as had year-round freshwater flowing from the river (OBRAP Final Plan 2021). Historically, 
the lagoon was an important tidal connection where seasonal wetlands and salt pannes were 
immersed whenever there was a storm surge or wave overtopping of dunes. Now that the mouth 
inlet is mostly closed throughout the year from sediment accumulation from movement of dune 
sand, it transitioned these habitats to salt pannes and dry wetlands (OBRAP Final Plan 2021, PWA 
2007). The OBRAP wants to combat this closure issue by rerouting the Ormond Lagoon waterway 
eastward of the Halaco sites it currently passes through and connect it back to the Ormond lagoon 
for a more natural channel, while they wait to hear from the EPA if filling the old channel is a 
viable option. The Project wants to grade and plant the north banks of the lagoon and all the banks 
of the waterway so wetland migration and upland areas are wide enough to respond to sea-level 
rise (OBRAP 2021). This option will not only expand the range of the existing habitats, but also 
modify the hydrology of this site by increasing brackish water from year-round inundation.  
  
Additionally, the Ormond Beach site will use adaptive management approaches and will apply 
adaptive restoration where it is appropriate. Since there is much uncertainty at this site, it is ideal 
for doing an adaptive approach by starting out with small phased restoration, which can provide 
better understanding of the site and allow for modification before the larger scale phases are 
implemented. Having smaller phases can also provide less disturbance from minor manipulations 
to hydrology with revegetation. Revegetation can help identify what plant species will perform 
well in different soil types and elevation differences. Physical drivers will be monitored and noted 
as soil salinity and hydrology are important factors to consider when making plausible predictions 
of which species will do better in different conditions. Small phased restoration will allow 
understanding of adaptation limits among vulnerable plant and animal species and will be an ideal 
strategy to replicate the habitat changes that are yet to come from sea-level rise.   
  
Another tool is using past experience to plan for adaptive management structure. The Ormond 
Beach project is also looking at the Tijuana Estuary and Devereux Slough in Santa Barbara County 
to seek out restoration practices that can be used at Ormond Beach. This type of structured learning 
requires a clear understanding of how monitoring data will be used to make management decisions 
and achieve objectives. For example, Zedler and Callaway (2000) applied progress-based 
perspectives to successful wetland restoration because they focused on understanding problems at a 
particular site by identifying cause-effect mechanisms. They recommend doing experimentation to 
evaluate the ecosystem resiliency to unplanned disturbances. This measure of restoration success 
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will be replicated in the Ormond Beach Adaptive Management Restoration plan (OBRAP Final 
Plan, 2021).   
  
Since the OBRAP is still in its beginning stage, a percentage of how much of the site the project is 
planning to restore is still being determined. With the complexities of sea-level rise, a small 
adaptive restoration phase approach is the more likely method that will be used to restore what is 
left of the estuary habitats; salt marsh, non-tidal seasonally-inundated wetland habitats, and the 
Ormond Lagoon (OBRAP Final Plan, 2021).  
  
In comparison to Ormond Beach, the Tijuana River Estuary reserve managers have been working 
on a climate scenario-based framework to integrate climate science into the development of current 
and future management strategies sine 2014. This project, Creating and Understanding of 
Resilience in the River Valley (CURRV) identified tidal prism changes and extreme river flow 
events as the key variables for framing the scenario development because they are central to the 
effective management of the shoreline, watershed, and River Valley (Boudreau et al. 2017). 
TRNERR is thinking to look at the long-term feasibility of trade-offs involving different riparian 
habitats. Instead of forcing river ways, it is suggested that they want to accommodate the natural 
channel movements instead of adding berms or dredging.   
  
Another TRNERR strategy seeks to find if it is reasonable to re-establish groundwater dependent 
wetlands. The historical and now nonexistent wetland habitat, the alkali meadow, mostly relied on 
high groundwater levels, but since agriculture development pumped out all the groundwater, the 
alkali meadows went extinct (Boudreau et al. 2017). Fortunately, ground water levels have now 
returned almost to their former levels, it is possible for re-establishment of these groundwater 
reliant wetlands (Safran et al. 2017).   
  
Additionally, to be able to facilitate these adaptive managements, monitoring and mapping need to 
be implemented. Habitat mapping and monitoring will aid in effectively responding to future 
habitat changes that are presented from past transformation and processes. Lastly, the Tijuana 
River Estuary is most importantly sharing the story of the Tijuana Valley with historical timelines 
of the habitats that once were existent and the restoration efforts being done to keep and enhance 
existing habitats (Safran et al. 2017).   
  
  
  

CONCLUSION  
 

  
The two case studies demonstrate three main themes for coastal wetland adaptation. The first 
theme is reinforcing a connection across various habitat elevations like upland to subtidal habitats 
to facilitate wetland migration and transitioning. Ormond Beach is a great example to show how 
degraded areas can be transformed back to wetlands to expand transition zones. In the Tijuana 
River Estuary, managing sediment to restore areas back to more brackish habitats is the current 
focus; however, this sediment may be useful to address sea-level rise when there is a growing need 
to build elevation for marsh transition. This principle of wetland transitional zones is one strategy 
that is becoming more popular as the understanding of adaptation measures is becoming more 
prevalent.   
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The second theme found to be common is about freshwater connectivity within the wetland 
ecosystem. There is a lack of freshwater within the Ormond Beach wetland system in general due 
to water from the Santa Clara River being diverted to urban areas. Additionally, at both sites, 
groundwater has been depleted by agriculture and by land use, which gives very limited amounts 
of freshwater to the wetlands. Having limited water and providing limited room to migrate will 
wipe out the habitats in these areas. In order for the wetlands to maintain salty brackish 
environments, there needs to be a balanced amount of freshwater input.   
  
The third theme is the need for tidal connectivity. An important part of adaptation strategies is to 
reconnect fragmented wetland systems back to the ocean. The Ormond lagoon closure is an 
example of how wetlands have been fragmented due to limited tidal connection. With less tidal 
input, the Ormond lagoon has converted to a mostly freshwater habitat. Part of the Ormond Beach 
adaptation strategy is to reconnect the lagoon to the ocean in order to maintain some of their salt 
marsh habitats. The Tijuana River Estuary on the other hand is ensuring that their estuary mouth 
and tidal input stay constantly open as a vital strategy for TRNERR. This strategy is important 
because back in 2016, the Tijuana River estuary mouth closed due to high wave energy pushing 
beach sand into the mouth and closing the inlet. This led to a drop in oxygen levels in the estuary 
and a loss of several species like the leopard shark, that were nursing in the estuary at the time 
(Baker, 2016).   
  
The importance of tidal connection in wetland adaptation strategies is a concept further supported 
by The Southern California Wetland Regional Strategy (2018). A priority goal for this strategy is 
to “preserve and restore resilient tidal wetlands and associated marine and terrestrial habitats” 
which includes several objectives that highlight the need for continuous tidal connection. These 
include bringing back historic wetlands through tidal dynamics restoration and adding tidal 
restoration to future wetlands (SCWRP, 2018). The Strategy further notes that urbanization has 
fragmented and disrupted coastal wetland connections to watersheds and the ocean, which impedes 
the wetlands’ ability to expand, migrate, and adapt to sea-level rise. The plan further recommends 
that intertidal and subtidal habitats have drastically shifted due to human modifications, while sea-
level rise will ultimately cause further conversion to deeper open water habitats. As we learn more 
about how intertidal wetlands are needed in the face of climate change, improved efforts should be 
made to prioritize, protect and restore these habitats. Particular attention should be given to 
protecting existing salt flats and subtidal habitats associated with wetlands as they are the 
connection between accelerated sea levels and habitat transitioning.  
  
Overall, this comparative analysis looking at adaptive measures, demonstrates that supporting 
diverse and dynamic connections within coastal wetlands is important to making wetlands resilient 
in the face of climate change and sea-level rise. By understanding the vulnerability of wetlands and 
the adaptation measures to making them resilient, investing in ecosystem connections need to be a 
high priority in restoration management. Providing space for habitat migration to occur, as well as 
maintaining the tidal flow and freshwater connection, can become the foundation to buffering sea-
level rise. Mitigating coastal wetlands will also contribute to resiliency at a regional scale by 
preserving sediment transport, erosion control, accretion from pollution and water quality control 
for the community. 
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ORMOND BEACH VIRTUAL TOUR 
  
In addition to this report, a Virtual Tour of Ormond Beach was made in efforts to connect the under-resourced Spanish 
community in Oxnard to the habitats in Ormond Beach. The Ormond Beach Virtual Tour is made in partnership with 
The Nature Conservancy (TNC), the State Coastal Conservancy, and the City of Oxnard. The emphasis is to make the 
virtual tour accessible via phone and computer in both Spanish and English and hopefully Mixteco in the future. There 
are resources about how to get involved with beach clean ups and restoration projects. Most importantly, there will be 
information on how to provide public comments or provide concerns and suggestions to the Ormond Beach 
Restoration and Public Access project (OBRAP) that will be starting in 2025. TNC is working to do outreach via social 
media platforms to get the virtual tour and the OBRAP out to the community. From now until the project is finalized, 
the Virtual Tour will be under maintenance and updated accordingly.  

 

If you want to check out the Ormond Beach Virtual Tour, you can do so at this link:  
https://www.theasys.io/viewer/lqnQUqPTGmyl2XFpZPVKflz8sG2NRb/?editing=1  

  

 




