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Enhanced Environmental Monitoring Program at
Malibu Lagoon and Malibu Creek

Executive Summary

From July 1993 through April 1994, UCLA conducted an enhanced monitoring
program at Malibu Lagoon and Malibu Creek that was funded by the Las Virgenes
Municipal Water District and the Triunfo Sanitation District as part of an agreement with
the Natural Resource Defense Council, Heal the Bay, and Environment Now. The overall
goal of the UCLA project was to assess the effects of anthropogenic inputs into Malibu
Creek and Lagoon on the physical, chemical and biological processes in the Creek and
Lagoon. One particular goal, to assess the impacts of lagoon breaching on the water
quality and ecology of the Lagoon, was not pursued because the lagoon did not
experience prolonged periods of closure during the study period.

The Malibu Creek watershed is the largest watershed (104 miz) draining into
Santa Monica Bay. Malibu Lagoon is a small (13 acres) shallow water embayment
located at the base of the Malibu Creek watershed. Malibu Creek provides sources of
freshwater, sediments, nutrients, detritus, and anthropogenically generated inputs to the
lagoon. The lagoon receives a mix of both natural seasonal freshwater and non-natural
imported water, such as urban run-off from the surrounding developed areas and the
discharge from the Tapia Water Reclamation Facility. The frequency of the lagoon
opening to and closing to the Pacific ocean is determined by a combination of the
prevailing tidal regime, amount of precipitation and freshwater input, storm events, and
human-induced mechanical breaching.

Before modern development took place, Malibu Lagoon was substantially larger
than its present state, and had greater species richness and abundance than today.
Although the pristine condition of the lagoon is not known, it probably experienced more
regular tidal flushing than at present. Initial development in the area, including filling of
the wetland and road construction, reduced the amount of water moving in and out of the
lagoon with the tides, which would have resulted in the lagoon being closed for longer
periods of time. In contrast, the increase in freshwater flow in Malibu Creek, particularly
in the dry season, that accompanied later land development would have contributed to the
lagoon’s mouth remaining open for a longer period of time, and if the mouth did close the
increased freshwater would cause the lagoon to breach when it might otherwise have
remained closed. There is not enough information available at present to understand the
net effect of these factors. However, the current situation of repeated closures and
breaching during the dry season is unlikely to have been a feature of the pristine lagoon
system.

The investigation of water quality conditions in the Creek and Lagoon was
conducted by (1) evaluating the eutrophic state of Malibu Lagoon, (2) microbial
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screening for total coliforms, fecal coliforms, and enterococci in both the water column
and sediment of the Lagoon, and (3) performing Base/Neutral Organic Analysis of the
sediments for one time at four sites in Malibu Creek and at one site in Malibu Lagoon.

Malibu Creek brings nutrients from a variety of sources, including the Tapia
Water Reclamation Facility, into Malibu Lagoon. Excess nutrients in aquatic systems
can lead to eutrophication, an accumulation of plant biomass (in the case of this Lagoon,
primarily algae) that can cause water quality problems leading to nuisance odors, fish
kills, and other undesirable effects. At Malibu, eutrophication is most likely to develop
when tidal flushing is restricted. Although the lagoon rarely closed entirely during this
study, there were periods of restricted tidal flushing in which dense algal mats developed.

The November Malibu Wildfire led to greater nutrient loading in the lagoon,
increased soil erosion and runoff after storms, and the use of the fire retardant
“Phoschek.” Phoschek is composed of ammonium phosphate nutrients that can
contribute to eutrophication, and dramatically high levels of nutrient buildup were
observed in the lagoon after the November fire. In general, the sediments developed a
high nitrogen, phosphorus and carbon reservoir. In spite of the nutrient build-up, visible
algal blooms, fish kills or other adverse effects were not observed because the lagoon
remained open to the ocean.

High concentrations of coliform and enterococci in the water column of Malibu
Lagoon indicate that the water quality of the Lagoon was not adequate for regular
recreational use based on the established health standards. The sediments similarly show
high concentrations of coliform and enterococci. This is suggestive of the possible source
of available organic matter utilized for decomposition. Since a specific health standard
for sediment does not currently exist, our results do not hold regulatory significance, but
nevertheless, may be related to public health issues.

Analysis of base/neutral organic compounds in sediment in Malibu Creek and
Lagoon show the presence of part per billion concentrations of PAH’s and phenols
present in the sediment samples. Of all the compounds identified, the Environmental
Protection Agency (EPA) classified 2-methyl phenol and benzo(a)pyrene as potential
carcinogens; however, no sediment standards presently exist for the compounds found in
this study. The samples were collected in February 1994 after the November wildfires of
1993. One possible source of the PAH’s is the burnt vegetation, eroded soil, runoff from
the wildfires, and/or campfires from recreational parks.

The assessment of the biology of Malibu Creek and Lagoon included surveys of
algae, phytoplankton, zooplankton, invertebrates, fish, and birds.

Dense floating algal mats were observed in the lagoon during mid- to late
summer. Floating algal mats were not observed after mid-October, following the first
rain events of the season and increased tidal flushing in the lagoon. Phytoplankton
biomass, estimated by analysis of chlorophyll @ concentrations, exhibited considerable
temporal and spatial variability, with peak abundances occurring October, January and
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February. Zooplankton, which were only sampled in a cursory manner, were dominated
by copepods and a half-dozen other taxa.

Seventeen taxa of benthic invertebrates were observed in Malibu Lagoon during
this study. Two large motile species, the mud-flat crab and the introduced oriental
shrimp, were common. The observations of macrobenthic organisms in this study
suggest that Malibu Lagoon ranks poorly at this trophic level when compared to less
disturbed Southern California estuaries. With only two families of polychaetes observed
during the study, Malibu has far fewer families than Los Penasquitos Lagoon, a Southern
California estuary similar in size to Malibu Lagoon. Species richness for crustaceans and
bivalves were also relatively low in Malibu Lagoon. In spite of low species richness, the
density of invertebrates at Malibu seems to be comparable to that of other wetlands.

Five species of fish were collected in Malibu Creek, including one species of
special concern, the arroyo chub. Thirteen fish species were collected in Malibu Lagoon,
including the recently listed endangered species, the tidewater goby. Results were
consistent with past observations at Malibu, with three species (California killifish,
mosquitofish and topsmelt) comprising two-thirds of the total catch. Because of its status
as a Federal listed endangered species, there is special concern about the tidewater goby
at Malibu Lagoon. During this study, 118 tidewater gobies were collected and released
after sampling. While this number represents only 1.4% of the total fish catch, the
tidewater goby was the fourth most frequently collected fish species, occurring in 72.4%
of sampling dates. The tidewater goby exhibited site preferences, depending on the
season. The highest frequencies of adult tidewater goby were observed from July-
September, 1993 and March, 1994. In contrast, the highest frequencies of juveniles, 20
mm total length and less, were observed from October to February with substantial
numbers of fish less than 20 mm found only in November.

With 13 species of fish, Malibu Lagoon falls on the low end of fish species
richness in Southern California coastal wetlands. Other wetlands that are frequently
closed or have substantial freshwater influence, including Los Penasquitos Lagoon, San
Dieguito Lagoon, Batiquitos Lagoon, San Elijo Lagoon, Ballona Wetlands and Ventura
River Estuary, have a similar number of fish species. All of these wetlands have a core
assemblage of 6-8 species that are tolerant of a wide range of physical conditions,
including a wide range of salinities. In contrast, wetlands that are usually open to the
ocean and have good tidal flushing have many more species, with the additional species
consisting of primarily marine species. Because the pristine condition at Malibu is not
known, the original fish assemblage is also not known. If the Lagoon was originally open
much more frequently, then today’s assemblage of fish is likely to represent a
depauperate fauna that has been degraded by human activities. On the other hand, if the
Lagoon was frequently closed, then today’s assemblage may resemble the original fauna
fairly closely. In either case, there have been many changes to the Lagoon’s structure and
hydrology, and some components of the fish assemblage have clearly suffered. The
tidewater goby actually went extinct in the Lagoon, and most likely occurs there today
only because it was re-introduced. Steelhead trout may have been more common in
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Malibu Lagoon and Creek in the past, but are currently rare. In addition, non-native
species, especially mosquitofish, occur in the Lagoon, and may have displaced native
species.

Birds were censused at Malibu Lagoon over a 10 month period, from July 1993 to
April 1994. During this time period, 107 bird species were observed (68 species of
waterbirds and 39 species of landbirds). A grand total of 27,700 individuals were
recorded during the censusing period. As a group, waterbirds were typically more
numerous at the Lagoon than landbirds. Waterbirds and landbirds show a clear
segregation in their use of estuarine and terrestrial habitats. Waterbird and landbird
abundances were both highly variable throughout the year. In spite of variable
abundances, the species richness at the Lagoon remained relatively constant over the 10
month survey period. While the Lagoon supports a large number of species at all times
of the year, the composition of species at the Lagoon fluctuates during the course of the
year. The diversity of habitat types at Malibu Lagoon may be partly responsible for the
high diversity of birds found there. Malibu Lagoon represents one of a few remaining
coastal wetlands in southern California, and one of only two remaining estuaries in all of
Los Angeles County. As such, Malibu Lagoon is both a rare and valuable natural
resource. Although disturbed by humans, the Lagoon still attracts a disproportionate
number of bird species, given its size. Indeed, because Malibu Lagoon is located on the
Pacific Flyway, it is probably of great importance for migrating shorebirds and
waterfowl.

Compared to its likely pristine condition, the present Malibu Lagoon ecosystem is
smaller and probably has lower biodiversity. Introduced species, particularly among the
fish, may have altered the structure and function of the community. Ecosystem functions
may also have been reduced. The loss or reduction of important wetland species and
functions at Malibu Lagoon is not unique. Every tidal wetland in Southern California has
been affected by development in the region, and many are considered severely degraded.
With respect to plants, invertebrates and fish, Malibu probably ranks in the middle or
lower end of the range of wetland quality in Southern California. It ranks much higher
for birds, being an important stopover on the Pacific Flyway as well as supporting a
diversity of species year-round. With the re-introduction of the tidewater goby (which
was listed as a Federal endangered species in 1994) and some use of the Lagoon by Least
Terns and Brown Pelicans, Malibu Lagoon ranks relatively high for species of special
concern.

Even in its degraded condition, Malibu Lagoon is an extremely valuable coastal
area. Estuaries are important and productive ecosystems. Southern California estuaries
have been dramatically reduced, with 90% of the original area of coastal wetlands in
Southern California having been destroyed. In spite of impacts to the remaining tidal
wetlands, they continue to function as wetlands and provide valuable but limited wetland
habitat.
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Selenium, arsenic, chromium, and nickel in black bullhead, crayfish,
mosquitofish, and killifish exceeded the fillet Median International Standard (MIS) and
Mearne Fish tissue International Standard (MFS), these standards can be used to evaluate
human health risk from fish consumption. For some samples, silver, arsenic, chromium,
nickel, lead, selenium, and copper exceeded the Elevated Data Level 95 (EDL95), a
statistical level based on concentrations in whole fish representing the upper 5% of
samples from fish in California collected by the Toxics Substances Monitoring Program
between 1978 and 1989. High arsenic and chromium concentrations were encountered
generally. The discharge from Tapia did not appear to be a source of elevated metals
concentration. Defined conclusions would involve the investigation of fish mobility in
the watershed.

The presence of viruses in monthly samples of the Tapia discharge was evaluated
by genetic technology consisting of polymerase chain reaction and Southern blotting and
hybridization and traditional tissue culture for enteroviruses. Some positives were
detected with both methods. PCR detected positives in July, August and September
1993; tissue culture detected positives only in the August 1993 sample. The significance
of these positives is not clear.

The use of genetic technology in water quality microbiology is in its infancy.
Because the technology does not yet differentiate live from dead organisms, or whole
organisms vs. genetic fragments of virus nucleic acid, nor quantify the amount of virus in
a sample, it is difficult to interpret the results at this time. However, the technology is of
great value since methods to detect many pathogenic virus, such as Norwalk virus in
water did not exist prior to the inception of PCR. PCR and Southern blotting and
hybridization are research tools that presently comprise the best available technology, and
the Request for Proposals stipulated the level of virus identification possible with this
technology. We feel it adds value to the study.
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Enhanced Environmental Monitoring Program at
Malibu Lagoon and Malibu Creek

Chapter 1
Introduction

The Malibu Creek watershed occupies a unique place in the landscape of the Los
Angeles area. With the largest drainage emptying into Santa Monica Bay, one of the two
major wetlands adjacent to the Bay, and an often-rustic character, the watershed has been
the focus of intense scrutiny by a wide range of users, interest groups, and agencies.

Management of Malibu Lagoon has been discussed in a variety of forums in
recent years. Starting in July 1989, the Malibu Watershed - Coordinated Resource
Management Project (MW-CRMP) was a multi-interest study group coordinated by the
California Urban Forests council through a grant from the Santa Monica Mountains
Conservancy that produced a management matrix of recommended management
alternatives. In June 1991, Senator Gary Hart convened another group called the Malibu
Creek Watershed Discussion Group, which produced a document of actions, pledges and
issues related to the management of the Creek and Lagoon, signed by numerous
participants. As a result of the group convened by Senator Hart, the Santa Monica Bay
Restoration Project created a Watershed Management subcommittee. This
subcommittee’s management recommendations and action plans for the Malibu Creek
watershed were incorporated into the Project’s Action Plan released to the public in
August 1994, In December 1991, the Topanga Las Virgenes Resource Conservation
District was advised that the U.S. Natural Resource Conservation Service would be
funding and performing a Malibu Creek Watershed Natural Resources Plan, which is
expected to include a number of management alternatives. Finally, the City of Malibu
has convened a Malibu Lagoon Management Group that will be conducting interagency
and public meetings and workshops focused on improving the current environmental
condition of the Lagoon.

In addition to these management activities, there have been a number of studies of
the natural resources and human uses in the Malibu Creek watershed, including a variety
of studies conducted by the Las Virgenes Municipal Water District, including their
NPDES monitoring program and Gavin et al. (1980), a baseline ecological survey of
Malibu Lagoon (Manion and Dillingham, 1989), and studies conducted for or by the City
of Malibu (e.g., Warshall and Coats, 1992), Natural Resource Conservation Service,
Regional Water Quality Control Board, and many others.

From July 1993 through April 1994, UCLA conducted an enhanced monitoring
program at Malibu Lagoon and Malibu Creek that complements this larger monitoring
and evaluation effort. The UCLA project was funded by the Las Virgenes Municipal
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Water District and the Triunfo Sanitation District, as part of an agreement with the
Natural Resource Defense Council, Heal the Bay, and Environment Now. The overall
goal of this monitoring program was to advance the state of knowledge of the physical,
chemical, and biological processes in Malibu Lagoon and Creek and to assess the impacts
on these processes from both point (especially the Tapia Water Reclamation Facility) and
non-point sources of anthropogenic inputs into Malibu Creek and Malibu Lagoon. One
additional goal of the study was to assess the impacts of long-term closure of the mouth
of the Lagoon and subsequent breaching events on the physicochemical and biological
processes of the Lagoon.

The UCLA study included water, biota, and sediment samples. For water quality,
a variety of nutrients and organics have been analyzed in studies of both bulk water and
pore water in Malibu Lagoon. Studies of the biota in Malibu Lagoon included analyses of
bacteria, algae, phytoplankton, fish, invertebrates, and birds. Biota studies in Malibu
Creek focused only on fish and invertebrates. Fish in both Malibu Creek and Lagoon
were analyzed for trace metals. Sediments were sampled for analysis of base-neutral-type
organic compounds, including polyaromatic hydrocarbons (PAH’s). In addition, the
presence of viruses at the effluent of the Tapia Water Reclamation Facility was
determined by monthly sampling for one year.

1.1 Organization of this report

This report presents the results of UCLA’s sampling program in 1993-94 and
discusses these results in the context of existing information about the Creek and Lagoon.
There are 12 chapters in the main report. After this first introductory chapter, Chapter 2
discusses general background issues such as sampling times and sites, the history of the
Malibu watershed and lagoon, flow data, and the conditions during the study period. The
next 8 chapters present UCLA’s results. Chapter 3 presents water quality results,
Chapters 4 through 8 present results for algae, phytoplankton, invertebrates, fish, and
birds, Chapter 9 presents the results of the analyses of trace metals and other elements in
fish, and Chapter 10 presents the results of the virus sampling. Chapter 11 provides a
synthesis of these results with the results from other studies to provide a general
environmental assessment. A comprehensive environmental assessment is beyond the
scope of this project, so we have focused on water issues, contaminants, public health,
and ecosystem health. Finally, Chapter 12 presents recommendations concerning the four
focus areas discussed in Chapter 11. The Literature Cited section follows Chapter 12,
followed by the tables and figures.

Five appendices follow the main report text. Appendix A discusses the effect of
the Topanga wildfire on Malibu Lagoon. This work, which formed the basis of Cindy
(Jih-Shing) Lin’s M.S. thesis, was not part of the LVMWD-funded project, and obviously
could not have been planned in advance. However, we took advantage of the occurrence
of the wildfire to explore an aspect of lagoon chemistry that has rarely been studied; it is
included here because it bears on the general issue of the nutrient balance of the lagoon.
Appendix B presents the gas chromatograph/mass spectrometry (GC/MS) data for the
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sediment analyses. Appendix C presents the details of the analytical methods used to
determine the concentrations of elements in fish, both catfish fillet, which was used for
developing and evaluating the methodology utilized in this study, and whole fish.
Appendix D provides a copy of the State of California Department of Health Services
evaluation of the County Sanitation District of Orange County laboratory. Appendix E
presents a brief description of the LVMWD pathogen monitoring study, which was part
of the enhanced monitoring program for Malibu Creek and Lagoon.
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Chapter 2
Background

The Malibu Creek watershed is situated in the Santa Monica Mountains northwest
of Los Angeles, California and is the largest watershed (104 sq. miles) draining into
Santa Monica Bay. Malibu Creek cuts through the steep-sided Malibu Canyon gorge and
empties into Malibu Lagoon, a small (5.2 hectares, or 13 acres) shallow water embayment
located at the base of the Malibu Creek watershed. The Lagoon is located in Los Angeles
County, California, west of Malibu Pier (34°1'58" N, 118°40'50" W), and is the only
remaining brackish water lagoon adjacent to the Santa Monica Bay (Gold et al., 1992).
Malibu Creek provides sources of freshwater, sediments, nutrients, detritus, and
anthropogenically generated inputs to the lagoon and the ocean. The freshwater is a mix
of both natural and non-natural (imported) water. The non-natural water inputs include
urban run-off from the surrounding developed areas and discharges from the Tapia Water
Reclamation Facility, which releases tertiary-treated water into the Creek. The additional
year-round freshwater inputs result in Malibu Lagoon being opened to the ocean more
often than otherwise would be the case during summer. Although the ocean connection is
often made by a bulldozer in the summer months, the continuous freshwater input would
result in natural breaching even in the absence of a “managed” opening.

This chapter presents general background information that is useful for many of
the following chapters. It begins with an overview of the sampling program, including a
brief description of the sampling schedule and locations. Next, we provide some general
information about Southern California coastal wetlands. Because these wetlands occur in
a Mediterranean-type climate, their hydrology differs from coastal wetlands found in
most other parts of the world, including those on the Gulf and East coasts of the United
States. An understanding of some of the basic processes that occur in these wetlands is
important for assessing the conditions at Malibu Lagoon. The third section discusses
historical conditions in the Malibu Creek watershed and Malibu Lagoon. A brief history
of the development of the area is presented, with an emphasis on the physical changes to
the lagoon. Changes in the flow of water in Malibu Creek are also reviewed and related
to development, including the Tapia Water Reclamation Facility. Finally, the fourth
section discussed the conditions that occurred during the course of the UCLA study.

2.1 Sampling Times and Locations

Sampling was conducted from July 1993 through June 1994. The field sampling
dates are shown in Figure 2.1, which also shows the timing of important environmental
events such as precipitation, the Northridge earthquake, the Topanga fire, and lagoon
mouth closures. Field work occurred between July 1993 and mid-April 1994. The
details of the sampling efforts are presented in individual chapters, but in general there
were many samples taken for surface water, lagoon fish and invertebrates, and lagoon
birds. Fish and invertebrates were sampled in Malibu Creek four times, and metals (and
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other elements) in fish and metals and organics in sediments were each sampled one time.
Pore water samples, which involve leaving sampling devices in the field for an extended
period of time, spanned much of the sampling period, especially after November. In
addition, we collected virus samples from the Tapia effluent on a monthly basis from July
1993 to June 1994 (except for October 1993).

2.1.1 Mali k

There were four sampling stations in Malibu Creek (Figure 2.2). Station R-1,
located at the Salvation Army Camp, is the furthest upstream from Tapia. The sampling
site is located about 10m downstream from where the road crosses the creek. (Note:
immediately upstream of the road crossing, there is a large, deep pool; this pool was not
sampled because it differed markedly from the habitat types at the other sampling
locations.) The creek is moderately wide here, with relatively equal flow velocity across
the entire stream. The creek is deepest on the SW side, where moderately heavy
vegetation grows on a steep bank, and slopes up to very shallow water on the NE side.
The NE bank is a flat sandy wash with little vegetation.

Station R-1A is approximately 100m upstream from the main Tapia discharge
point (001), and immediately upstream from a sharp bend in the creek. The downstream
end of the sampling site is slightly dammed by logs, resulting in a partial pooling of the
creek waters. Portions of the SW bank are heavily vegetated, and the water was fairly
deep (about 1m). There was a sandy beach along one portion of the NE bank, with water
very shallow and low water flow, while the remainder was vegetated. The creek was
somewhat wider here than at Stations R-1 or R-2.

Station R-2 is located about 400m downstream from the Tapia discharge point,
and about 200m downstream from the Malibu Canyon Road bridge. The creek was
moderately wide; depth and water flow were relatively uniform across the creek, with the
water flowing somewhat swifter than at the other stations. The substrate included some
larger rocks than at R-1 or R-1A. The NE bank was vegetated; the SW bank was sloped
but unvegetated except for trees.

Stations R-1 and R-2 are sampled in Tapia’s NPDES monitoring program.
Station R-1A was added because it was closer to Tapia’s discharge than Station R-1, and
thus less likely to be influenced by other watershed uses, especially the Tapia County
Park, than Station R-1. Fish and sediments were collected at Stations R-1, R-1A and R-2.
Sediments were also collected at Station R-3, which is located approximately 3.3 km
downstream from the Tapia discharge (about mid-way between the Tapia discharge and
Malibu Lagoon).

2.1.2 Mali

A total of 11 sampling stations were located in Malibu Lagoon (Figure 2.3).
Station S-7A is located on the west side of the inlet to the main lagoon. Water from the
Malibu Creek must flow through this inlet to reach the main body of the Lagoon. Water

5






Monitoring at Malibu Lagoon and Malibu Creek

However, there is increasing recognition that the contribution of non-point sources to
water quality problems can be significant. For example, as emissions into Santa Monica
Bay from point sources have been controlled, the relative importance of non-point
sources has increased, and much of the current management efforts in the Bay are
directed at non-point sources such as stormdrains (Santa Monica Bay Restoration Project,
1994).

In this section, we consider how point and non-point sources of freshwater may
affect Malibu Creek and Lagoon.

11.1.1.1. Point Sources

The Tapia Water Reclamation Facility, the main point source in the watershed, is
a principal source of anthropogenic freshwater input into Malibu Creek and Lagoon® .
Tapia treats 6-7 MGD of water and releases ~0-7 MGD to the Creek, depending on
season (Figure 11.2). During the summer the demand for water is high and Tapia can sell
or reuse all of its water. In contrast, the demand for water is low in the winter; in
addition, if storage is not available for the processed water” nearly 7 MGD can be
released into the Creek.

The impact of anthropogenic freshwater inputs is likely to be greatest during the
summer, when natural freshwater inputs are low. Southern California is known for its
mild weather, short winters, and long dry summers (Dailey et al., 1993). Pulsing, or
fluctuating, water levels (along with droughts, wildfires, and storms) are part of the
natural cycle of wetland ecosystems (Mitsch and Gosselink, 1993). Tapia’s release of
larger volumes of water in the winter and smaller quantities in the summer coincides with
Malibu’s natural seasonal cycle. During the winter season, Tapia’s discharge is only a
minor portion of the total creek flow (Figure 11.2). In addition, most sedimentation
occurs during periods of winter runoff and major flooding (Dailey et al., 1993), and
Tapia’s influence during these periods is likely to be minor. However, Tapia’s discharge
becomes a larger portion of the total creek flow in summer. The anthropogenic
freshwater input from Tapia and other sources alters physical characteristics of Malibu
Lagoon, such as salinity, and causes the lagoon to breach when it otherwise would remain
closed. Excess freshwater can also affect the biota, as discussed in Section 11.4.

*  Of course, Tapia does not generate this water. The ultimate source of Tapia’s discharge is water that is

imported to support development in the area; Tapia simply treats the wastewater generated by this
development.

Between 1989-93, Tapia operated without a daily water storage system. During this period, all
processed water not sold to the serving community or reused was released into the Creek. As a result,
freshwater discharge to Malibu Creek was relatively high between 1989-93 (Las Virgenes Municipal
Water District data, 1993). Construction of the daily storage facility was completed by January 1,
1994, and freshwater discharge to the Creek should be noticeably lower than it was in 1989-93 (pers.
comm. Jacqy Gamble).
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Although anthropogenic freshwater inputs have altered the pristine hydrologic
cycle of Malibu Creek, the best strategy for managing these inputs depends on the
specific management goals chosen. To return to pristine conditions (impossible to
achieve, but nonetheless a legitimate goal), Tapia should discharge little or no water into
Malibu Creek during the summer. (This action alone would not achieve the goal, in part
because non-point source inputs to the creek are substantial.) However, reducing Tapia’s
discharge to the creek may not be the best strategy for maintaining and enhancing
important species. For example, the California Department of Fish and Game (DFG)
recently recommended that Tapia continue to discharge water to the creek based on the
belief that it would sustain fish downstream and enhance the aquatic environment (Letter
from U.S. Department of Interior to Las Virgenes, 6/2/94). Tapia had planned to redirect
its effluent, as source water, to the Oak Park/North Ranch reclaimed water line extension.
The Fish and Wildlife Service stated that the proposed quantity of water for diversion
would threaten the aquatic and riparian systems in Malibu Creek (Letter from the Fish
and Wildlife Service to State Water Resources Control Board, 6/2/94). The concern is
focused on steelhead trout, Oncorhynchus mykiss; the Federal listed endangered tidewater
goby, Eucyclogobius newberryi, and the Federal and State listed endangered least Bell’s
vireo, Vireo bellii pusillus, which may breed in the riparian habitat along Malibu Creek.
The expansion of Tapia’s reclamation system is to develop local water resources and
conserve the existing supply (because imported water from areas is becoming costly and
scarce) and to reduce the pulse flows of direct effluent discharge, which Tapia believes
would be more beneficial for the Creek and Lagoon ecosystem as a whole (Letter from
Las Virgenes Municipal Water District to Malibu City Hall, 7/26/94).

11.1.1.2. Non-Point Sources

In addition to the freshwater input from Tapia, there is substantial anthropogenic
non-point source input. Although no comprehensive study of non-point source inputs
into the Creek and Lagoon have been conducted, existing data can be used to roughly
define the relative contributions of point vs. non-point sources. For example, data on
creek flow and Tapia discharges in the 1950s and 1980s are summarized in Figure 2.15.
During the drier months (May through November), monthly average background flows in
the 1980s were 2.9-15.1 cfs, 2-30 times higher than in the 1950s. This increase is due in
part to anthropogenic non-point inputs, although some of it could also be due to
differences in natural flow rates between the two decades; additional information would
be needed to determine the actual contribution of anthropogenic sources. In any case,
Tapia’s discharge, which ranged from 1.2-5.4 cfs (average of 2.7 cfs), was on average
40% (range: 27-68%) of the monthly flows. Assuming that nearly all of the flow in these
dry months is from anthropogenic sources, these data indicate that non-point source
inputs contribute about 60% of the dry-weather flow in Malibu Creek. Even if the natural
baseline flow is greater than zero in the drier months, non-point source inputs appear to
comprise a substantial fraction, and perhaps the majority, of anthropogenic water inputs
into Malibu Creek.
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Non-point water sources are typically precipitation, septic tanks, septic tank leach
fields, and runoff from the houses and businesses. Since the monitoring of these non-
point sources has been scarce, the quantity and time of release for each have not been
documented, making it difficult to assess the impacts of these freshwater sources. Like
Tapia’s discharge, freshwater input from non-point sources is most likely to have an
impact during the Creek’s low-flow periods, and the effects on physical and biological
aspects of the Creek and Lagoon are likely to be similar. Warshall and Coats (1992)
suggest that their presence will ot be beneficial to the natural development of the
ecosystem, as they will introduce various physical (i.e., metals) and biological (i.e.,
bacteria) contaminants. Additional study of these non-point sources would provide a
better understanding of the activities affecting the Creek and Lagoon.

11 r

Coastal lagoons and estuaries in Southern California are typically classified
according to their connection to the ocean. Some estuaries maintain a permanent opening
to the ocean, which is only closed under unusual conditions. Today, Tijuana Estuary is
perhaps the best example of an estuary that is permanently open without engineered
structures (Zedler et al., 1992); some other Southern California estuaries that are
permanently open, such as Agua Hedionda and Anaheim Bay, maintain their connection
through the use of breakwaters rather than natural hydrological processes. At the other
extreme, some coastal wetlands are typically cut off from the ocean by a sand berm for
most of the year, with storm runoff breaching the berm in winter and the berm reforming
the following spring or summer. The physical conditions in the lagoon behind the berm
can vary tremendously, from extremely hypersaline through normal marine salinity
(about 30 ppt) to virtually freshwater, depending on the amount of freshwater input
during the dry season. Swift et al.(1989) indicate that many of the lagoons that
support(ed) the tidewater goby followed this pattern. From an ecological perspective,
neither pattern is better than the other, although different ecological communities result.
Estuaries that are frequently cut off from the ocean support relatively few species
(including the tidewater goby) that are tolerant of a wide range of physical conditions.
Estuaries with permanent openings tend to have more species of fish and invertebrates,
and especially more marine species.

As discussed in Chapter 2, pristine conditions for Malibu Lagoon are not known.
The use of the Lagoon by Chumash Indians as a launching area for their canoes suggests
that the lagoon was open at least part of the year. Juan Cabrillo was reported to have
anchored his ships in Malibu Lagoon from October 10-13, 1542 (Doyle et al, 1985), at
the end of the dry season, suggesting that, in that year at least, a berm did not form across
the mouth. The earliest map we could locate, from 1870, shows the lagoon (“Malibu
Lake”) closed; however, it is not known when the area was mapped, how typical this
condition was, or even if it was mapped accurately.

Two important factors affecting closure frequency, the tidal prism (amount of
water moving in and out of the lagoon with the tides) and freshwater input, have been
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altered by human activities at Malibu. Lagoons with larger tidal prisms are more likely to
remain open permanently, or to close infrequently (Johnson, 1973). Lagoons with high
freshwater inflow are likely to close less frequently than lagoons with low freshwater
inflow. The anthropogenic changes at Malibu would have opposing effects: lagoon size
has been markedly reduced, which would increase closure frequency, but more freshwater
is being put into the creek, which would decrease closure frequency. Without a detailed,
quantitative analysis it is not possible to determine which factor has had a greater
influence. The larger size of the pristine lagoon would have kept the mouth open later
into the year, and may have been sufficient to keep the mouth open year-round. During
years of heavy rainfall, the combined effects of larger tidal prism and higher freshwater
inflow may have been sufficient to keep the Lagoon open all year. During years of low
rainfall, the Lagoon may have closed during summer months, when precipitation and
creek flow were low, and opened with the first winter storms each year (remaining open
during the winter months when precipitation and creek flow were highest). The
additional anthropogenic freshwater input into the Lagoon has not been sufficient to keep
the mouth open during years of average-to-low rainfall, although present closures may be
shorter in duration because the Lagoon probably fills faster. In addition, mechanically
breaching probably decreases the closure period by a short time.

Management of the lagoon-ocean connection can range from no human-induced
breaching during the summer (see Swift et al., 1993) to active maintenance of the mouth
to minimize eutrophication (San Diego County Environmental Task Force, 1970). The
California Department of Parks and Recreation’s current practice at Malibu is to breach
the Lagoon whenever the lagoon is closed and water levels reach 3.5 feet on a yardstick
located on the footbridge nearest to the Lagoon’s parking lot. Water levels above 3.5 feet
are considered undesirable because of flooding and possible overflow of Malibu Colony
septic systems. Management of the Lagoon mouth currently involves only water level.
However, Lagoon mouth management has consequences for human use of the area
(including swimming and surfing in the ocean adjacent to the mouth), water quality, and
the biota of the Lagoon, including the problem of endangered or rare species such as the
tidewater goby and steelhead.

Although one of the initial goals of this study was to assess the impact of
breaching following long-term closure of Malibu Lagoon on the water quality and biota,
the pattern of closure during the study period did not allow for a detailed assessment.
During the sampling period, the lagoon closed only once for a half-day during the
summer (August 18, 1993). Water quality problems, including eutrophication, that are
frequently observed with long term closures did not occur and few statistically significant
changes associated with water quality and biota were observed. Breaching events also
occurred on December 18, 1993 and December 31, 1993, but average abundances for
most species are seasonally low at that time and no significant changes in abundance
were detected.

For fish and invertebrates, changes in abundance surrounding the summer
breaching event were site- and species-dependent. As Figure 11.1 illustrates, both seine
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stations located in the main lagoon (R-11B and S-7B) had almost 100% decreases in
abundance for the most commonly collected species (California killifish, mosquitofish,
topsmelt, and tidewater goby) at these stations. For trap stations, relatively large
increases in abundance were observed for topsmelt, mudcrabs, and oriental shrimp. In
contrast, abundance of opaleye, a marine species, decreased. No post-breach comparison
could be conducted for Station S-6B due to sampling failures.

Changes in relative abundance after the lagoon breached could reflect fish
mortality or temporary relocation when the general water level of the Lagoon was
reduced. For California killifish, Pacific staghorn sculpin, tidewater goby and oriental
shrimp, observed changes following the breaching event were no more dramatic than the
natural variability observed during the rest of the study. In addition, no dead fish were
seen in any lagoon areas following the breaching event. Based on these observations, we
found no evidence that fish mortality resulted from this particular breaching event.

For several species, the observed relative change in abundance following the
breaching event provide interesting, albeit anecdotal, evidence of breaching effects. First,
mosquitofish abundances, which had been increasing prior to the breach, decreased
sharply immediately following the breaching event; these fish could have been flushed
into the ocean. Second, the increased abundance of larger topsmelt at fish traps following
the breach could have occurred because this neritic species had greater access to the
Lagoon during the high tides following the breach; alternatively, topsmelt may simply
have been more concentrated in the area around the traps, which is one of the deepest
areas in the lagoon. Third, declines in tidewater goby abundance at S-7B after breaching
events on August 18, 1993 and December 31, 1993 (with no significant change in
abundance following the breach on December 18, 1993) coincided with increased
abundances at Station S-6B, which could suggest a shift in habitat preference (not to
imply that fish collected at S-6B originated from S-7B) in response to breaching events.
Fourth, for both the tidewater goby and the arrow goby, highest abundances were
observed before the August 18th breach with abundances not recovering for the
remainder of the study, suggesting a possible impact of breaching on abundance of these
benthic fish species. Finally, the significant increase in mudcrab abundance could have
been due to increased activity, decreased food sources and predators, or decreased water
volume in the lagoon.

Although suggestive, none of these results demonstrate either negative or positive
impacts of breaching on the biota of Malibu Lagoon. In fact, while the total catch for
most species decreased following the breaching event, peak abundances collected for
almost all species, with the exception of the tidewater goby and arrow goby, were on
sampling dates after the summer breaching event (and the observed trends for the gobies
may simply reflect their normal life histories). Given the short time of closure and the
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absence of changes in the physical environment due to prolonged closure’ , it is not
surprising that extensive changes in the biota were not detected.

With regard to water quality, the impact of lagoon breaching is clearer. As
discussed in Section 3, lagoon breaching can reduce excess nutrient loads that can initiate
eutrophication. Tidal flushing can also remove algal mats before they decompose and
create anoxic conditions.

11.1.3 Nutrient Influx and Eutrophication Potential

When the entrance of Malibu Lagoon to the ocean is closed, freshwater from
Malibu Creek has a major influence on lagoon conditions. The water entering the lagoon
from the creek contains phosphates and nitrates (Manion and Dillingham, 1989; this
study). Although nutrient concentrations decrease as water flows downstream, the low
levels still meet the threshold needed for algae development (Manion and Dillingham
1989). If the nutrient levels become too high, eutrophication can have a number of
undesirable effects on the lagoon.

Nutrients entering the lagoon can come from both point and non-point sources.
Pesticides and fertilizers from lawns, gardens and agricultural farmlands, septic tanks,
and waterfowl excretions are potential anthropogenic non-point sources of nutrients
entering the lagoon. The pesticide and manure used by farmlands can leach nutrients into
the ground and eventually become part of the runoff that flows downstream into Malibu
Lagoon. This study has shown that non-point source runoff, especially after the Malibu
Wildfire and rain storms, had a dramatic effect on the nutrient load in Malibu Lagoon.
The quantity of nutrients entering the system is greatest following periods of heavy
rainfall when surface runoff from fields is highest. However, excess nutrients would be
flushed to a greater extent during this period because the lagoon would be open to the
ocean. Thus, breaching the lagoon might reduce the levels of non-point nutrients sources.

Since the water discharged from Tapia also contains nitrates and phosphates, large
volumes of freshwater released into the creek by Tapia would contribute a point source of
nutrients. Station S-7A, located at the creek entrance of Malibu Lagoon, is the first site to
receive water from Malibu Creek, nutrients from Tapia effluent, and other upstream point
and non-point sources. The following discussion focuses on Station S-7A to illustrate the
possible effects of Tapia on Malibu Lagoon.

Figures 3.7a-3.7f show the average concentrations of specific nutrients in the
discharged effluent from Tapia compared to the average concentrations of the same
specific nutrients at S-7A in the water column and sediment for the period from July to

* In fact, the summer breaching event did alter the physical environment of the lagoon by lowering the

berm separating the lagoon from the ocean, allowing increased tidal flushing, and allowing the lagoon
to drain more fully at low tide. Some of the changes we observed, such as higher catches in the traps,
may have been responses to these changes
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December. In general, the average concentrations of specific nutrients at Station S-7A
are lower than the average concentrations in the Tapia effluent. This suggests that the
effluent from Tapia is diluted by the existing rain and creek waters. In contrast with the
other nutrients, nitrate concentrations were found to be higher at Station S-7A than the
creek following the Wildfire, suggesting that the Wildfire caused a significantly increased
amount of nitrate in the Lagoon. The burnt vegetation, eroded soil, and runoff might
have lead to the unusually high nitrate levels.

Figures 3.7e-3.7f show that average organic nitrogen and ammonia concentrations
in the sediment at Station S-7A follow similar concentration trends in the Tapia effluent.
Sediment column pore water studies at Station S-7A, after the Wildfire, did not show
substantial increases in ammonia concentrations until the end of February to late April
(see Appendix A). Although ammonia concentration did not increase with the initial
rainfall, the substantial increase in February corresponded with the large rainfall and
creek flow that occurred at that time (Figure 2.16).

A mass-balance evaluation of nitrogen, phosphorus, and DOC input along Malibu
Creek is needed to make a definitive assessment of the Tapia nutrient discharge compared
to other point and non-point sources. Upstream and downstream sources and the Tapia
effluent must be incorporated into the study design. The hydrodynamics and tidal
influence on the system must also be incorporated to better understand the influence of
non-point and all point-sources into Malibu Lagoon.

11.2 Contaminants

The release of contaminants (such as heavy metals and pesticides) into the
environment can cause significant adverse ecological impacts. After decades of such
releases, there are virtually no uncontaminated areas on earth. Thus, the issue is not
whether there are contaminants in Malibu Creek and Lagoon, but rather whether the types
and concentrations of contaminants are cause for concern from either an ecological or
human health perspective.

Many different contaminants could be measured, but in this study we focused on
metals and base-neutral organic compounds. In this section, we discuss how our results
relate to the overall issue of whether the contaminant levels in Malibu Creek and Lagoon
are indicative of environmental problems.

11.2.1 Trace elements
11.2.1.1 Human Health Considerations

Table 11.1 shows the elements which exceed the MIS (Median International
Standard) and MFS (Mearne Fish tissue International Standard) concentrations for fish
fillet. Selenium concentrations exceeded both the MIS and MFS for black bullhead,
crayfish, mosquitofish (3.0-5.5 cm), and killifish (3.0-5.5 cm). Arsenic exceeded both the
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MIS and MFS standards in black bullhead, mosquitofish (3.0-5.5 cm), and killifish (2.0-
3.5 and 3.5-5.5 cm). Chromium exceeded the MIS for black bullhead and lead exceeded
both MIS and MFS for killifish (2-3.5 cm). The MFS for nickel was surpassed in black

bullhead, crayfish, mosquitofish (< 3 cm), arroyo chub, and killifish (all size categories).

Direct comparison between our fish data and the MIS and MFS standards for fillet
is not possible because our analysis was for whole fish. Thus, the MFS/MIS standard
criteria overestimate the human health risk of a given metal for whole fish. Depending on
the specific fish species, elements such as Ag, Cd, Cu, Pb, and Sr, which accumulate in
the bone/cartilage, have higher concentrations in whole fish than fillet only. The Asian
population often cook and eat the entire fish and use them in fish stews and soups; fillet
analyses would underestimate the risk in this instance.

Although this evaluation concerns the human health risk that would be
encountered if the fish we sampled were consumed, it should be noted that these fish
generally are not collected for human consumption. Of the species we analyzed, only
crayfish from the creek might normally be collected and consumed. The fish species are
not species that are normally consumed, and in addition the individuals we collected were
quite small.

11.2.1.2 Criteria Based on EDL95

The Elevated Data Level (EDL) for each metal for whole fish samples were
included to compare our whole fish data with other California whole fish. Our data
indicate that differences in ability to accumulate specific elements are age- and species-
specific.

Table 11.2 presents the elements exceeding EDL95 concentrations for California
fish. Silver was elevated in 5/9 fish samples, arsenic in 8/9, chromium in 7/9, nickel in
4/9, lead in 3/9, selenium in 4/9, and copper in 1/9. High arsenic and chromium
concentrations were encountered generally.

Relative to fish health, mosquitofish <3 cm deviated most from the abundance of
elements shown by the other fish species, that is, Ca>P>K>Na>Mg>Si>Zn>Fe>Al>Sr on
a ppm dry weight basis. The order in mosquitofish <3 cm was:
Ca>P>Mg>Si>Na>K>Fe>Al >Zn>Sr. Aluminum, copper, nickel, iron, and Si
concentrations were lowered relative to other fish species. Si, Cu, Ni, and Zn were also
lower for killifish. Given the various differences in elemental concentrations, it is
difficult to separate age and species differences from nutritional/exposure effects. More
sampling and analyses need to be conducted in determining the link, if any exists,
between age, its nutritional demands, and environmental exposure issues.

More intensive sampling would be needed for a definitive evaluation of pollution
sources. However, the data from this study provide no evidence that the Tapia discharge
influences the concentrations of trace metals and other elements in fish. For silver,
arsenic, cadmium, chromium, copper, lead, and selenium, concentrations in arroyo chub
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at Station R-2, downstream of the discharge, was generally as low as or lower than
concentrations in other species at stations upstream of the discharge. Nickel and zinc
concentrations were not necessarily lowest at R-2, but were no higher than in other
species at upstream stations. Silver and lead in mosquitofish were highest at Station R-
11, which is below the Tapia discharge point, but the low concentrations of these
elements at the station immediately below the discharge indicate that Tapia is not likely
to be the source of these elevated concentrations. The general absence of elevated levels
downstream of Tapia suggests little influence of the Tapia discharge on elemental
concentrations in fish.

11 Base Neutral Organi

The presence of part per billion concentrations of polyaromatic hydrocarbons
(PAH) and phenols were observed in the sediment study of the base/neutral organic
compounds (BNOC) in Malibu Creek and Lagoon. Of all compounds identified, the
greatest human health concern is associated with 2-methyl phenol and benzo(a)pyrene;
the Environmental Protection Agency (EPA) regards these compounds as potential
carcinogens. The assessment of BNOC’s impact on the ecosystem is complicated by the
lack of existing sediment standards for the compounds found in this study. Since the
samples were collected in February 1994, after the November 1993 Malibu Wildfire, a
possible PAH source is the burnt vegetation, eroded soil, and runoff from the wildfires.
The exact source of the observed phenols in the creek and lagoon is unknown.
Consequently, the direct significance of Tapia’s discharges, in terms of Base Neutral
Organic compounds, cannot be determined, since samples were not taken at Tapia or the
accumulation, or sediment buildup, region. However, location of the accumulation
region is presently unknown.

A major concern in the ecological health of organisms in Malibu Lagoon and
Santa Monica Bay is the bioavailability of BNOC to aquatic organisms. BNOC
accumulation in the sediment poses a threat because this sediment reservoir allows
BNOC to slowly become bioavailable and buildup in the food chain. The focus of this
study was on the BNOC measurements in the sediment and not in the ecological chain
(e.g., bioaccumulation in fish or invertebrates). Thus, future studies are needed to
describe the link between sediment reservoir and aquatic organisms. Conducting a
baseline study of the BNOC present in selected fish and invertebrates would provide the
link and any significant buildup of the chemicals in aquatic organisms.

Future sampling programs should be specific and provide definitive answers; this
is possible by designing specific programs that, for instance, determine the source of
base/neutral organic chemicals that are present or the extent that accumulation originates
from runoff of chemicals into Malibu Lagoon. Soluble, suspended sediment and
sediment sampling should be coordinated in such a manner as to allow direct
understanding of these problems. One single "snapshot" of the Lagoon is not sufficient to
meet comprehensive objectives that attempt to determine the source of chemicals from a
point or non-point source and the consequence of dry or wet weather flow on sediment
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accumulation, etc. The determination of the source of these contaminants requires a set
of sediment samples that should be taken, seasonally, before and after the source point of
sediment buildup. Furthermore, a comparative study of other storm channels and lagoons
should be practiced to better assess the significance of the observed levels of these
compounds at Malibu Lagoon. By designing and exercising simple, but focused,
sampling programs, broad and sweeping questions concerning the impact of point and
non-point source pollution on a fragile ecosystem can be answered. For example, this can
be achieved by the sampling of upstream and downstream sites for sediment, fish, and
invertebrates. Particular locations of interest (more than one station should be sampled at
each station of interest) and seasonal sampling would provide more comprehensive
results.

11.3 Public Health
1 1 Vi

The results from this one-year virus detection study indicate that viruses were
present during the first three months of the study. In July, August, and September, 1993
positive results were obtained using the pan-specific PCR primers and confirmed with
Southern Blot. Discrepancies between PCR and tissue culture results, as were observed
during the first three months of testing, can be expected. The pan-specific primers
amplify a fragment of nucleic acid that is shared between seventeen different types of
enteroviruses but do not specifically identify which enterovirus or viral fragment is
present. Tissue culture was positive during one of these three months, which indicates
the presence of infective virus. However, similar to the pan-specific primers, tissue
culture does not identify which enterovirus is present. The Santa Monica Bay
Restoration Project Report (SMBRP) showed data where the presence of infective
enterovirus within Malibu Lagoon was detected during the summer season (Gold et al.,
1992). ‘

2

The genetic technology used in this study (PCR and Southern blotting and
hybridization) is the state-of-the art for virus analysis. Yet, shortcomings of the
technology exit. Presently, these techniques cannot accurately differentiate between dead
and live organisms, or between whole organisms and genetic fragments of viruses. Also,
virus quantitation by these techniques was not possible for this study because technology
for quantitation of viruses was not available. At the present time, the genetic technology
used in this study does not determine virulence or infectivity, and as a result cannot be
interpreted as to direct public health outcomes or risk. In the future, the genetic
technology may be able to overcome these handicaps, as the observation of specific non-
viral organisms such as giardia can be interpreted as a direct public health outcomes or
risk for drinking water supplies. The genetic technology of PCR and Southern blotting
and hybridization, the research tools that provide the information in this report, comprise
the best monitoring approach that is available.
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Future monitoring should sample after heavy chlorination at the Tapia Plant,
followed by intensive monitoring during the summer months, when viruses might be
highly active. The influence of viral activity, at certain locations in the Lagoon, on
swimming and surfing would be the primary concern.

Future monitoring using these techniques can develop data to address questions
such as:

e if the goal of treatment technology at Tapia is to have negative virus results; what
should be changed in the treatment technology?

e if the goal is that Malibu Creek and/or Malibu Lagoon have negative virus results;
what point and non-point sources to the Malibu Creek should also be monitored and
how often?

o if the goal is that Malibu Lagoon and the ocean outside Malibu Lagoon have negative
virus results to protect swimmers and surfers etc., what locations in these bodies of
water should be monitored and how often?

11.3.2 Bacteria

11.3.2.1 Water column

Total coliforms, fecal coliforms, and enterococci are indicators of human or
animal fecal contamination. There are many possible sources of bacterial indicators of
public health concern in the Malibu Lagoon and Creek area, including ducks, shorebirds,
the Tapia Water Reclamation Facility, in-city stormdrains, cross-connections, horse
corrals, vegetation piles, dogs, rodents (rabbits, mice), homeless camps, after-growth
blooms, and ocean influxes (Warshall et al., 1992).

The effluent discharged by Tapia must meet Tapia’s NPDES discharge permit
limits for total coliforms (seven-day median values <2.2 Most Probable Number
(MPN)/100 ml). The majority of Tapia’s effluent samples (~95%) during the study
showed levels <1 MPN/100 ml (LVMWD, 1994).

Bacterial densities at sampling stations located in Malibu Creek and Lagoon were
consistently higher than those in Tapia’s effluent (LVMWD, 1994). Many of the total
coliform and enterococci densities were substantially higher than the standards set by the
State and EPA. Weekly coliform levels reached a maximum of 2160,000 MPN/100 ml at
stations R-2, R-3, R-6, R-13, and S-6 (Figure 11.3). This is roughly 16 times higher than
the State and EPA Standards and 160 times higher than the level of concern set by State
Water Resources Control Board (SWRCB). This coliform level was observed on
10/11/93 for stations R-2, R-3, and R-13; stations R-6 and S-6 exhibited this high
coliform level between 2/8/94 and 2/14/94 (LVMWD, 1994).
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In a study of the pathogens and indicators in Santa Monica storm drains by the
Santa Monica Bay Restoration Project (SMBRP), Gold et al. (1992) also collected
bacteria and virus samples in Malibu Lagoon; sampling locations are shown in Figure
11.4. Samples were analyzed for total coliforms, fecal coliforms, enterococci, and human
enteric viruses. Levels of concern based on the California Ocean Plan bacterial water
quality objectives (SWRCB, 1990) were exceeded when total coliforms were greater than
1000 cfu/100 ml, fecal coliforms were greater than 200 ¢fu/100 ml, and enterococci were
greater than 24 cfu/100 ml. The mean indicator bacterial densities at the Lagoon sites
exceeded the three levels of concern, and ranged from the low end to over twenty times
the levels of concern (Table 11.3).

The mean bacterial densities reported by Gold et al. (1992) for all three bacterial
indicators (total coliforms, fecal coliforms, and enterococci) exhibited a trend where
density levels at upstream sites (near the inlet and PCH bridge, around our Station S-7A)
were 2 to 10 times higher than the density levels at the two sampling sites near the ocean
(a breach site located near the Surfrider Beach where the sand berm is typically breached,
and a channel site in the same area as our Station S-6A (Table 11.3). Gold et al. (1992)
attributed this trend to the salinity gradient in the lagoon. Sites closer to the ocean
exhibited higher levels of conductivity and were influenced more by tidal fluxes than
sites near the inlet. Dilution of bacterial densities by seawater was suggested as a major
reason for the observed site differences in the lagoon, although Warshall et al. (1992)
stated that low salinity contributes to bacteria growth. In addition, Gold et al. (1992)
cited the prevalence of water fowl in the upstream portion of the lagoon as another source
of the pronounced levels near the inlet.

Gold et al. (1992) also provided clear conclusions concerning the assumption that
the Malibu Colony septic systems experience failure if heavy residential use coincides
with a high water table and greater than 3.5 feet water level within the lagoon channels.
Their data showed that water levels within the lagoon have little impact on the bacterial
densities because bacterial densities were generally high all the time in the lagoon,
regardless of the water level within the lagoon. The report was careful to point out that
the results do not dismiss septic systems within the watershed as a potential source of
bacterial contamination, but they indicate that bacterial densities are independent of the
water level within the lagoon in dry weather, when the water table is lower. Similar
findings were reported by Warshall et al. (1992).

Winter rainfall events appear to influence the coliform levels in the watershed. A
comparison of weekly coliform levels for four stations (R-1, R-11, R-13, and the Breach
site) representative of the Malibu watershed shows the correlation of precipitation events
and coliform density peaks (Figure 11.3). The highest coliform peak (>160,000
MPN/100 ml) occurred on 10/11/93, a few days after the first rain of the season; a
combination of warm weather and the first rainfall of the year could explain the high
coliform densities observed on this sampling date. February 1994 exhibited the highest
rainfall and several coliform peaks (20,000-90,000 MPN/100 ml) for all four stations
(Figure 11.3). Precipitation events in December 1993 were similarly associated with
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coliform peaks (10,000-50,000 MPN/100 ml). Manion and Dillingham (1989) also noted
that total coliform counts were much higher during the winter months when there was
greater rainfall and mixing of sediments; rainfall events were frequently followed by
increases in total coliform levels.

Data from our study for total and fecal coliforms and enterococci in water samples
show that both the State and Environmental Protection Agency (EPA) Standards for
recreational waters were exceeded on several occasions and at most of the stations
(Section 3.2). Because total coliform, fecal coliform, and enterococci densities were
collected roughly once per month, they cannot reflect the influence of storm events.
However, the data do show seasonal variation (Table 3.7). Total coliform densities
exceeded the State single sample of 10,000 organisms/100 ml for the summer months
(July-August 1993) at all lagoon stations (Backbay station S-6B exceeded the State levels
for August only). Enterococci densities showed elevated levels in February 1994, which
exhibited the highest rainfall of the winter season at all lagoon stations. Seasonal
variation had less influence on the fecal coliform levels since densities were high and
exceeded the EPA single sample recommendation of 104 organisms/100 ml at all lagoon
stations for all microbiological sampling days. Station S-7A is the inlet from the creek to
the lagoon and exhibit the highest bacteria densities.

Bacteria data from Tapia and our study suggest that rainfall and season (i.e.,
temperature and salinity) influence the level of microorganism activity in the Creek and
Lagoon. Gold et al. (1992) note that tidal cycles and lagoon entrance closure also appear
to play a role in determining the bacterial densities in the Creek and Lagoon, and
Warshall et al. (1992) conclude that low salinity contributes to bacteria growth

LVMWD conducted pathogen testing as an integral part of the enhanced
monitoring program; a brief summary of the sampling and methodology is given in
Appendix E. The only pathogen detected in the Lagoon6 by LVMWD was Vibrio
parahemolyticus, which was detected once in August at Station R-11 and once in March
at the Breach site (LVMWD, 1994). No other pathogens were detected.

The presence of coliform bacteria in water suggests that untreated sewage is
present. Gold et al. (1992) discount the possibility that the Tapia Water Reclamation
Facility is a direct source of bacterial indicators because Tapia’s levels of bacteria in the
effluent during their study were very low, where over 90% of the total coliform samples
exhibited <1 MPN/100 ml. Similar results were observed during our study, with roughly
95% of the samples exhibiting <1 MPN/100 ml for coliform and enterococci (LVMWD,
1994). However, Gold et al. (1992) note that bacterial regrowth in the watershed has
never been studied. Since bacterial indicator density levels at stations throughout Malibu
Creek and Lagoon were substantially above levels of concern and standard EPA levels for
bacterial indicators, bacterial regrowth may be an indirect source of bacteria. An

Vibrio cholerae (non 01 type) was detected once during the summer at Station R-1, above the Tapia
discharge in Malibu Creek.
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investigation of Tapia’s effluent nutrient levels for our 1993-94 study period showed a
mean monthly level of 3.0 mg (BOD) /1, 11.2 mg/l, 0.13 mg (nitrate+nitrite)/l, 1.1 mg
(organic nitrogen)/l, and 2.9 mg (phosphate)/l (Table 11.4). Thus, both bacterial
regrowth and non-point sources could be major sources of bacteria in the Creek and
Lagoon.

11.3.2.2 Sediments

Like the water-column samples, sediment samples showed high concentrations of
coliform and enterococci. A specific health standard for sediment does not currently
exist, but some samples exceeded the standards set for water samples (especially for fecal
coliforms).

11.4 Ecosystem Health

Part of UCLA’s task for this project was to assess the “health” of the Malibu
Lagoon ecosystem. Conclusions about ecosystem health depend on the endpoints chosen.
The appropriate endpoints depend on the particular objectives and goals, which in turn
are largely driven by societal values. In general terms, a healthy ecosystem is often
considered to be similar to a pristine ecosystem. This presents a practical problem of
choosing an appropriate reference, since there are virtually no pristine ecosystems
remaining today, and even several thousand years ago many ecosystems were heavily
impacted by humans. Nonetheless, it is possible to make inferences about what a pristine
ecosystem would be like based on ecological knowledge and existing conditions at a
variety of reference sites. In this section we assess the health of the Malibu ecosystem
relative to other coastal wetland systems and presumed pristine conditions. We discuss
the following aspects of the estuary system: salt marsh flora, invertebrate assemblage,
fish assemblage, bird assemblage, and species of special concern.

11.4.1 Salt Marsh Flora

Because plants were not sampled, for this section we rely mainly on information
from Dagit (1989b), supplemented with our own personal observations.

The main section of Malibu Lagoon has a very poor salt marsh flora. The east
side of the main lagoon is largely mudflat with very little vegetated intertidal region; the
west side has steep banks, some of which are covered with rip-rap, with some riparian
plants but virtually no salt marsh plants. There are more species and higher cover in the
restored section of the lagoon, but the flora still does not resemble most other Southern
California salt marshes. Cordgrass (Spartina foliosa), which is common in the lower
marsh of most Southern California wetlands with good tidal flushing, is absent at Malibu.
Pickleweed (Salicornia virginica), which typically dominates the mid to upper marshes,
is present but in very low abundance. Fleshy jaumea (Jaumea carnosa) is the most
common marsh plant. The number of species in the restored section is low compared to
other salt marshes in Southern California (Table 11.5).
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