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Appendix 3. Focal Site #3 – Los Peñasquitos 
 
Summary of Existing Data and Information 
 

 
Figure 1. Photo of Los Penasquitos estuary on 29 September 2013 (California Coastal Records Project). 

Introduction 
Los Peñasquitos Lagoon (LPL) (Figure 1) is a lagoon estuary. Winter inflows are typically weak 
due to low rainfall in semi-arid San Diego County.  However, the strength and persistence of 
summer runoff from urbanized landscapes (“urban drool”) has increased and this precludes 
hypersalinity which would have occurred naturally.  Further, salt flats (or salinas) are mostly 
absent due to this summer inflow and the encroachment of urban areas (Beller et al 2015).   
The estuary is designated a Natural Marsh Preserve by the State and is part of the Torrey Pines 
State Reserve.  It is bisected by a railway embankment with only a narrow opening in this 
embankment as well as in the Highway-1 embankment (Figure 1).  Thalweg depths are shallow 
(maximum depth is 4m) and there is negligible residual depth at lowest tidal water levels (most 
of the thalweg bed is at a similar elevation as low tide water levels in the open ocean).  The 
channel is less than 200m wide. 
 
Breach Permit Synopsis 
Los Penasquitos lagoon has historically opened and closed seasonally, tending to be open 
during spring tides and storms. The construction of two railroads through the lagoon altered 
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the tidal flow, which resulted in sediment accumulation at the mouth of the lagoon and longer 
lagoon closures. Starting in 1985, the Los Penasquitos Lagoon Foundation has managed the 
mouth towards an open state, through both maintenance and emergency breaches (Figure 2). 
When the lagoon is closed for long periods of time, dissolved oxygen concentration drops low 
enough to threaten lagoon populations, including fish kills.  Further, high water levels reduce 
habitat for the Belding’s savannah sparrow due to flooding.  Extended closures are expected to 
lead to a reduction in species diversity. The Coastal Commission has granted the Foundation the 
ability to mechanically open the mouth of the lagoon under several conditions. When dissolved 
oxygen falls below 5 mg/L (hypoxic conditions), and when salinity is outside the range of  25 ppt 
to 33 ppt (too fresh or too saline), the habitat quality of the lagoon is considered degraded and 
the lagoon can be artificially breached. A biologist is required to be present for each breach to 
ensure no nesting pairs of Belding’s savannah sparrows are present. Additionally, by April 1 of 
each year, the Foundation is obliged to submit a monitoring report, which details the impacts of 
lagoon openings on public access, recreation and biological productivity of the lagoon. It must 
also contain dates of lagoon openings and closures, as well as a map indicating where the 
authorizing biological criteria samples were taken. The report needs to identify staging and 
storage areas, access routes, and all equipment and construction method used in each breach.  
 
Current Mouth Management 
The position of the mouth of Los Peñasquitos Lagoon is constrained by the bridge for Highway-
1 and a parking lot on the north side.  Although the present bridge allows for a wider mouth 
channel than an earlier bridge at this site, the channel is not free to move and wave overwash is 
not possible along the relict sand spit that is now a road embankment.  The main thalweg of the 
lagoon is forced to pass through the opening in the railway embankment. The mouth is 
vertically controlled by a cobble-sand beach that is not easily scoured during breach events and 
river-enhanced tidal outflow.  In most years the lagoon is mechanically breached to alleviate 
hypoxic conditions. When the mouth of the lagoon is closed the water quality conditions 
typically deteriorate to the point where both wildlife and habitat are negatively impacted. Low 
oxygen levels coupled with elevated water temperatures and decomposing vegetation can 
create strong potential for fish kills.  The decrease in salinity can also cause a reduction in fish 
diversity and the lagoon’s function as a viable marine fish nursery.  
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Figure 2. Los Penasquitos mouth closure record from 2004 to 2016 (Tijuana River NERR).  Blue spaces indicate periods when the 

mouth was open, while orange and red represent times of closure. Red bars indicate when a closure was ended with a 
mechanical breach of the lagoon mouth.  Closures are most common in spring (March-May). 

 
Mouth State 
• The mouth of LPL is mostly open, varying between 75% and 100% of the time, as illustrated 

in Figure 3. 
• While no closures occur in some years (e.g., 2009 and 2011), in other years multiple 

closures are observed (e.g., four closures occurred in 2007 and 2014).  Closures are more 
common in winter and early spring (Figure 2), presumably related to winter storm-wave 
activity (the beach is typically eroded to cobble in winter months).  Closures are less 
common in summer, which indicates that the tidal prism (amount of water entering and 
exiting the lagoon with each tidal cycle) is sufficient to maintain an open channel during 
low-energy wave forcing in summer. 
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Figure 3. Percentage of the year that the mouth is open to tidal influence (1991-2015). Data compiled from LPL Foundation 
Annual monitoring reports from 1992-2015. 

 
Water Level 
• Water level data are recorded on sensors deployed by the LPL Foundation in collaboration 

with the Tijuana National Estuarine Research Reserve (TJNERR).  In recent years, water 
levels, water properties and flow speeds have been monitored and analyzed by Maddie 
Harvey and Sarah Giddings at SIO/UCSD.   

• Although muted, tidal fluctuations in estuary water level may be several feet, accounting for 
strong flows through the narrow mouth channel under Highway 1 (maximum current of 
order 0.5m/s).  Tidal fluctuations are more muted or non-existent during perched 
conditions and closures (Figure 4).  Ocean tidal range can be 8 feet at spring tide, but in the 
lagoon the tidal range is no more than 4 feet, with elevated low-tide water levels due to 
damming by the sill at the mouth. 

• While water level may not rise during closures (e.g., February and November 2007), this 
depends on the inflow rate and also the rate at which water may escape through the sand-
cobble beach berm.  At times, water levels can rise rapidly during closure to levels 
comparable with spring high tide levels.  Either managed breaching or natural overflow has 
precluded higher water levels in LPL over the past decade.  Highest water levels are 
expected during large winter flow events, which occur infrequently. 
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Figure 4. Tidal variability in water level in open ocean (Scripps Pier, turquoise line) and in Los Penasquitos Lagoon (magenta 
line), showing the truncation of low tide minima in the lagoon due to the shallow cobble-sand sill at the mouth.  The gray 

shading indicates a period in which the mouth was closed during neap tides.  Plot prepared by Maddie Harvey (SIO/UCSD).   

 
Stratification 
• Stratification is typically observed in LPL, with a well-defined low-salinity layer overlying a 

high-salinity bottom layer.  The degree of stratification varies with tidal cycles, wind forcing, 
water depth, and seasonal changes in freshwater inflow – as well as due to changes in 
mouth state. 

• When open, the main channel of the lagoon exhibits tidal intrusion of a salt wedge and 
classical estuarine circulation. 

• Long-term records from LPL Foundation only provide bottom salinity data, showing that 
high-salinity water is trapped at depth in LPL during closures.  However, during longer 
closures, near-bottom salinity decreases slowly and steadily, even as the water level rises 
(presumably due to a combination of downward mixing of low-salinity water and loss of 
lower-layer water through seepage at the mouth).  Immediately following breach events, a 
low-salinity pulse is recorded at the bottom sensor as water flows out from the back-
estuary.  This indicates the presence of freshwater in the lagoon during closure and the 
likelihood of strong salinity stratification during each closure event (this is confirmed by the 
limited amount of surface salinity data available). 

 
Inundation of the Marsh Plain 
• Inundation events occur during high tides and when the mouth is closed (Figures 5,6,7).  But 

in contrast to lagoons further north, it is less common to observe highest water levels 
during closure periods .  The marsh plain is low enough that it is inundated both during 
open-mouth high-tide conditions and closed-mouth periods. 

• Water level remains low during closure events when there is a negative water balance (e.g., 
July-August 2016, Figure 7).  Water levels can remain well below marsh plain elevation and 
these closure events pose a desiccation threat to marshes in LPL.  
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Figure 5. Projected area of marsh plain inundation from 10/13/15 to 10/29/16 in Los Penasquitos lagoon using the Coastal Lidar 
dataset and water elevation data provided by the TJNERR. 

 

 
Figure 6. Los Penasquitos marsh plain inundation events at four elevations (Fall 2015-Fall 2016) using the Coastal Lidar dataset 
and water elevation data provided by the TJNERR. 
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Figure 7. Water levels relative to marsh plain and vegetation elevations in MSL using the Coastal Lidar dataset and water 
elevation data provided by theTJNERR. 

 
Water Quality 
• During open-mouth conditions, bottom oxygen varies with low values (hypoxia) at 

nighttime associated with net respiration and high values (saturated or above) during the 
day associated with net photosynthesis.  Oxygen levels also vary with the tide, as the 
seawater that intrudes is invariably replete in oxygen and outer estuary waters are more 
oxygenated than inner estuary waters that are subject to eutrophication effects (Figure 8). 

• During closures, stratification develops and bottom oxygen decreases, becoming 
persistently hypoxic after 1-2 weeks (Figure 9).  In some closures, stratification is weak 
and/or an algal bloom maintains oxygen levels through photosynthesis, but this seldome 
exceeds a week or two.  Invariably, bottom oxygen levels decline after closure, and bottom 
water is typically anoxic within 3 weeks of mouth closure (Figure 9), which impacts fish in 
the LPL. 

• The decline appears to be quicker in winter with less sunlight, and in many spring/summer 
closures a notable day-night fluctuation in oxygen levels is observed – indicating that 
enough sunlight penetrates to drive photosynthesis below the pycnocline.   

• Ventilation of sub-pycnocline waters and increases in bottom oxygen levels are observed 
during wave overwash (e.g., April 2013, Figure 8).   

• In prolonged closures, bottom salinity may decrease enough to allow vertical mixing and re-
oxygenation of bottom waters prior to breaching (e.g., April 2007, April 2014). 
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Figure 8. Dissolved oxygen as a function of day and time of day and date (the x-axis is the date and the y-axis is the time of day – 
yielding a visualization of day-night production-respiration patterns which appear as horizontal bands, and tidal advection 
patterns which appear as oblique bands associated with changing time of high tide and low tide over the course of a fortnight). 
 
 
 

 
Figure 9. Dissolved oxygen as a function of days since closure for 7 closure events in 2016, exhibiting day-night variability in 
oxygen initially and ultimately a decline in oxygen levels.  Bottom water becomes hypoxic after 1-2 weeks and anoxic after 2-3 
weeks.  Plot prepared by Maddie Harvey (SIO/UCSD).  . 

 
Marsh Condition 
NOTE: Please see Appendix 5 for a description of the California Rapid Assessment Method for 
Wetlands (CRAM) to provide more context for this section. 
 

• Marsh plain available to complete CRAM assessments is extensive, and dominated by a 
mix of pickle weed marsh and brackish water wetlands (further up stream).  Plant 
community abundance and distribution patterns have changed significantly during the 
20th century. Brackish and open water/mud flat habitats have increase in abundance 
since the 1930s while salt flats and salt marsh have decreased in abundance.  Much of 
these changes are likely due to the combined effects of greater summer fresh water 
flows from the watershed (urban drool) and greater flushing and tidal action associated 
with mechanical breaching (Beller et al 2015).   

 
o Four CRAM assessments were performed in the summer of 2015, at which point 

the mouth was open.  CRAM Index scores ranged from 62–75. The four 
Attributes of CRAM had the following ranges: Buffer and Landscape Context (74-
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84), Hydrology (50-58.3), Physical Structure (50-87.5), and Biotic Structure (69.4-
83.3). 

o The CRAM Metric Score for Number of Codominant Species included a score of 
‘C’ at two assessment sites and a score of ‘D’ at two other assessment sites. 

o The Co-dominant Plants from all four sites included: 
 
 Arthrocnemum subterminale 
 Frankenia Salina 
 Isocoma menziesii 
 Jaumea carnosa 
 Salicornia Pacifica 
 Typha dominguensis 

 
• Vegetation Community: ((Data pulled from multiple Physical, Chemical, and Biological 

Monitoring of Los Penasquitos Lagoon Reports, text pulled from Crooks et al. 2015) 
 
o Managed breaching of this lagoon most likely has led to a more tidal pattern of 

marsh plain inundation and more routine flooding and draining periods, which has 
led to a shift in community composition towards estuarine pickle weed marsh over 
recent decades.  Increases in summer freshwater flows has likely lead to an increase 
in brackish and freshwater marsh in the back-lagoon.   

o Vegetation transects throughout the lagoon were first established in 1991 to serve 
as long-term monitoring areas. Vegetation monitoring is conducted to document 
changes in species composition and to determine the magnitude of historic 
saltmarsh habitat invasion by upland/exotic species. Vegetation is monitored in nine 
areas during the fall. Five of these areas have been monitored since 1986 (transects 
1- 5), four since 1990 (transects 9, 11, and 12) and one since 2001 (transect 13A and 
B). See Figures 10 through 12). 
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Figure 10. Long-term vegetation data for dominant species for transects 1 – 3, displaying % cover from 1991 – 2014, when 
applicable. 
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Figure 11. Long-term vegetation data for dominant species for transects 4, 5 and 9, displaying % cover from 1991 – 2014, when 
applicable. 
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Figure 12. Long-term vegetation data for dominant species for transects 11 – 13, displaying % cover from 1991 – 2014, when 
applicable. 

 
• Soil Salinity: (Data pulled from multiple Physical, Chemical, and Biological Monitoring of 

Los Penasquitos Lagoon Reports, text pulled from Crooks et al. 2015) 
o Prior to 1996, soil salinities were determined in the field. In 1996 a switch was 

made to the use of soil pastes to better account for inconsistencies in measuring 
the salinity of dry and wet soils. Comparisons show that this method, while 
consistent across all samples, results in elevated salinity readings relative to field 
measurements of expressed interstitial waters.  
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o Using a 2-cm diameter corer, at least three 10-cm deep soil cores were obtained 
at equally spaced intervals along each vegetation transect. Data is available for 
1996-2009, 2011-2014. 

o The general trend for all transects is an increase in soil salinity from 1991 to the 
early 2000s, then a decrease through 2009, followed by another increase to the 
present day (Figures 13 and 14). 

 

 
Figure 13. Mean annual soil salinities of LPL vegetation transects #1-5 and 9-13, 1991- 2001. Note: soil salinity methodology was 
modified in 1995 from field to lab-based methods 
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Figure 14. Mean annual soil salinities of LPL vegetation transects #1-5 and 9-13, 2001-2014. Data compiled from LPL Foundation 
Annual monitoring reports from 2001-2014. 

 
Fish Condition and Invertebrates (Data pulled from multiple Physical, Chemical, and Biological 
Monitoring of Los Penasquitos Lagoon Reports, text pulled from Crooks et al. 2015) 
 
• Fish and invertebrate community 

o Sampled twice per year (fall and spring) for the following years:1991-2009, 2013-
2016 for fish abundance, density and species richness (Figure 15). 
 Seining was performed using a small purse seine (6m wide) and blocking nets 

spaced approximately 5m apart. The seine was hauled 3 times before closing 
and retrieving the blocking nets, for a total of 5 hauls. After each haul, 
organisms were retrieved form the nets, placed in buckets, identified, 
measured (first 30 of each species), counted, and released.  

 An enclosure trap and BINCKE net were employed to sample primarily gobies 
(family Gobiidae), small, burrowing fishes that are generally poorly sampled 
using other methods.  
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Figure 15. Total fish species richness by year (1991-2015). Data compiled from LPL Foundation Annual monitoring reports from 
1992-2015. 

• Invertebrate Community: 
o Sampled twice per year (fall and spring) for the following years:1991-2009, 2013-

2016 
 A total of 9 cores were taken at each station (3 near either side of the 

channel and 3 in the middle of the channel) to characterize the infaunal 
invertebrate assemblage. The corer is 10cm in diameter and was expressed 
into the sediment to a depth of at least 30cm. The sediment was then sieved 
through a 3-mm screen in the field and organisms were identified, counted 
and released.  

 Epifaunal invertebrates were sampled using a 0.25m x 0.25m quadrat. The 
quadrat was thrown near the channel’s edge, where applicable, and those 
species found alive were identified, counted and released. The quadrat was 
then flipped along one of its edges and the sampling was repeated.  

o A general decreasing trend in total taxa richness can been seen in the 15 years of 
available data available (Figure 16). 
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Figure 16. Total invertebrate taxa richness by year (1991-2004). Data compiled from LPL Foundation Annual monitoring reports 
from 1992-2015. 
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