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1. Executive Summary

PROJECT INTRODUCTION

The coastal lagoon ecosystem of California provides a wide array of ecological and social value, yet
little information currently exists on what is, or how to best evaluate, relative lagoon condition. The
unique hydrodynamics of these seasonal estuaries has lent to the high ecological diversity and value

of coastal lagoons. Human development within the historic marsh and a variety of land use activities

in the contributing watersheds has variably impaired lagoons throughout the California Coast. The
Comparative Lagoon Ecological Assessment Project (CLEAP) is an intensive physical, chemical and
biological data collection effort focused upon a subset of coastal lagoons in Santa Cruz County to refine
the tools available to evaluate relative lagoon condition, provide insight to lagoon function, improve our
enhancement strategies for these unique ecosystems and focus future adaptive management efforts.

Lagoons are located where coastal streams meet the ocean and thus are the terminal delivery point
for pollutants generated within their respective watersheds. Due to their location at the coast, lagoons
play a significant role in water quality in nearshore waters, which in turn affects the maintenance

of rearing habitat for cold water fisheries, public beach recreation, and other key coastal beneficial
uses. The coastal lagoons of Santa Cruz County are essential for sustaining numerous native fish and
wildlife species, including several that are threatened or endangered. The lagoons also benefit human
communities by providing flood protection, recreation, and wildlife viewing opportunities. Unfortunately
most lagoons in Santa Cruz County are currently in a state of ecological decline due in large part to
historic physical modifications, past and current land use, and conflicts with property protection and
public safety. Evidence of the decline of the lagoon systems in Santa Cruz County is demonstrated

by increases in water quality impairments including elevated bacterial levels, low dissolved oxygen,
increased algal growth, excessive sediment, elevated nutrient levels, and continuing impacts on public
recreation near the lagoons. Posted health warnings due to elevated bacterial levels in the summer are
common at beaches adjacent to the San Lorenzo River Lagoon, Aptos Creek Lagoon, and Soquel Creek
Lagoon, as well as others (Ricker and Peters 2005).

In addition to the human impacts of poor water quality, the population declines in several critical
species of concern has caused federal, state and local agencies and organizations to focus on improving
the ecological function of coastal watersheds and the associated lagoon systems. These efforts have
been hampered by the lack of a robust, ecosystem-based dataset that clarifies the unique ecological
function of each lagoon. For enhancement efforts to succeed, lagoon conditions need to be more
comprehensively documented within individual systems over time and compared across systems to note
trends and differences. This will assist in understanding what components of lagoons have the greatest
influence on condition and provide a process to monitor changes in lagoon physical, chemical and
ecological conditions in response to enhancement efforts. CLEAP was designed to jump-start this data
gap and begin development of a more quantifiable conditions evaluation and adaptive management
process for California lagoon systems.

CLEAP focused on collecting and evaluating an extensive amount of physical, chemical and biological
data from 5 Santa Cruz County lagoons that were determined to represent a range of conditions
impacted by human activities. The 5 lagoons were selected using a detailed comparative matrix of 11
lagoons in Santa Cruz County. The specific lagoons selected for detailed evaluation were Scott Creek
Lagoon, Laguna Creek Lagoon, San Lorenzo River Lagoon and Aptos Creek Lagoon (Figure 8.2). Each
of these lagoons was also identified as a high priority watershed for future enhancement opportunities
either within the lagoon, the contributing watershed, or both. Soquel Creek Lagoon has been actively
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managed by the City of Capitola for decades and was included in the CLEAP evaluations to represent a
managed control lagoon.

CLEAP was initiated in the summer of 2003 as part of the Integrated Watershed Restoration Program
(IWRP) for Santa Cruz County administered by the Resource Conservation District of Santa Cruz County
and the California Coastal Conservancy. IWRP is a voluntary, non-regulatory program composed of
advisory members from federal, state, and local resource agencies to improve fish passage and habitat,
reduce sedimentation, and restore wetlands and lagoons in Santa Cruz County. The CLEAP team
combined the expertise and priorities of a diverse group of scientists, natural resource managers and
regulatory agencies to design and implement a comprehensive, lagoon-specific data collection effort
(see Figure 8.1 for summary of CLEAP process). A Technical Advisory Committee (TAC) was convened for
CLEAP to assist with the site selection process, study design, data analysis, and provided constructive
comment on CLEAP findings and recommendations. The TAC was composed of the following agencies:
NOAA Fisheries Habitat Branch, NOAA Fisheries Southwest Fisheries Science Center, California
Department of Fish and Game, California Coastal Commission, Central Coast Regional Water Quality
Control Board, California Department of Parks and Recreation, Monterey Bay National Marine Sanctuary,
Santa Cruz County Department of Environmental Health, City of Capitola and City of Santa Cruz.

STRIVING TOWARD QUANTIFIABLE ADAPTIVE MANAGEMENT -
INTEGRATING SCIENCE AND ENHANCEMENT

Numerous recent peer-reviewed articles addressing the enhancement of coastal ecosystems argue

that the scientific approach of assessment, restoration and adaptive management must be an
interdisciplinary collaboration to truly improve our understanding of these systems (Cloern 2001, Boesch
2002, Fano et al. 2003, Lundberg 2005, Karr and Chu 1999, etc). It is critical to design research

and assessments that combine hydrology, biogeochemistry, physical characteristics, and ecological
interactions from the base of the food chain through higher trophic levels in order to better grasp
functional interactions and dependencies. Even with improvements in the scientific approach to coastal
ecosystem function, there remains a communication gap between researchers and resource managers
as to the success and/or impacts of restoration measures on ecosystem function (Nixon 1995, Cloern
2001, Lundberg 2005, Fano et al. 2003, Karr and Chu 1999, Wetzel 2001, etc).

As the field of ecological management of aquatic systems progresses, there is an imminent need to
develop reliable indicators to evaluate natural resource condition. These same indicators can be used
to quantify the changes enhancement efforts have on the ecosystem in question. The incorporation

of quantitative information about system function into restoration decisions will guide an effective
“adaptive management” process. If clear, quantifiable goals, indicators and targets are defined prior to
enhancement actions, then post-implementation performance of a system can be measured. To define
these goals, an understanding and identification of the aquatic system components that are expected to
respond in a predictable manner to successful enhancement efforts is necessary. Decisions to modify
existing conditions and continue improvements through adaptive management will then be based upon
measurable parameters that have a documented physical, chemical or biological functional relationship
to the broader project goals, rather than reliance on qualitative opinions of priority actions.

In order to approach natural resources from an adaptive management perspective the following
questions must be addressed:

e What are the assumed causes, or stressors (independent variables), impairing the function of the
system in question? Which are the priority stressors to address? Which stressors can be realistically
modified?
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¢ What are measurable indicators (dependent variables) of system function that will respond in a
predictable manner to positive improvements to the above stressors? Successful indicators are
direct proxies to assess the function of physical, chemical or biological components of the system in
question and, ideally, are cost-effective and repeatable parameters to track and monitor over many
years.

¢ What are the pre-restoration/enhancement values or conditions of the indicator parameters
that collectively are assumed to represent relative condition? In order to quantify success, pre-
restoration (baseline) conditions must be documented for a collection of system parameters that
are expected to respond in a predictable manner to habitat improvements. From existing conditions,
realistic goals of expected enhanced condition characteristics can then be formulated.

¢ What are the standardized data collection protocols of the selected indicators (pre- and post-project)
to ensure changes in indicator values over time will be the result of system changes, not sampling
variability?

Only when resource managers have better documented the ecosystem function of these specialized
habitats can they apply these questions to prioritizing enhancement actions. According to Walters
(1997), natural resource management and adaptive management should not be learning by trial
and error, but learning by careful testing. Trial and error management is costly, time consuming and
unnecessary. By initiating a comparative study of the similarities and difference of the physical,
chemical and biological conditions across a range of human impacted lagoons, CLEAP has laid

a preliminary framework for future data collection and analysis that can lead to more consistent
data collection in lagoon systems, more informed enhancement strategies and effective adaptive
management of Santa Cruz coastal lagoons and beyond.

CLEAP OUTCOMES
CLEAP focused on 5 primary project outcomes:

i. Collect, manage, present and interpret site-specific and comparative physical, chemical and
biological data from five Santa Cruz County lagoons to improve our understanding of the
ecological function of the selected Santa Cruz County lagoon systems.

ii. Review, summarize, and demonstrate the applicability of recent nation-wide research concerning
wetland condition monitoring and assessment, and provide tools for future cost-effective
quantitative lagoon condition evaluations and adaptive management programs based on the
analysis of potential stressors and indicators.

iii. Provide an extensive baseline dataset (as an MS access database) and the associated sampling
protocols to which future observations in Santa Cruz lagoons and beyond can be compared to
improve our regional understanding of lagoon conditions.

iv. Develop and document potential parameter protocols, data interpretation methods, and data
presentation techniques that can be refined, standardized, and applied to other coastal lagoon
monitoring subject to lagoon-specific goals. This will greatly improve our ability to compare
conditions of different lagoons in response to different stressors as well as track individual
lagoon conditions over time.

v. The CLEAP team worked with the Technical Advisory Committee to develop high-level guidelines
for future enhancement strategies for CLEAP lagoons, with the understanding that any
potential site-specific projects brought forth by future project proponents will require additional
assessment and incorporation of protective measures for all sensitive species that inhabit the
lagoon systems.
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CLEAP APPROACH

Human impacts on natural resources are inevitable throughout the world, and the coastal lagoons

of Santa Cruz County have not been immune. Historical analysis of the CLEAP study sites revealed
extensive physical changes to all of study sites. These modifications include channelization and
reduced surface area, levees, dams and other alterations, and disconnections in floodplain and system
hydrology. Reclamation of historic floodplain and marsh areas, and subsequent floodplain development,
have significantly reduced and modified the natural function of the majority, if not all, of Santa Cruz
lagoons and most statewide. Water diversion from the upper watersheds, both legal and illegal, have
reduced the annual water supply to coastal streams and lagoon systems in Santa Cruz County. Urban
and agricultural development in the watersheds and near the lagoons has resulted in point and non-
point sources for pollutants, particularly nutrients, and excessive sediment. Seasonal illegal breaching
of summer sandbar conditions is a common act by local surfers, residents, and beach users. These
physical modifications as a result of human activities are key to our understanding of today’s lagoon
ecosystem function. They get to the root cause of many of the resulting symptomatic impacts, such

as degraded water quality, habitat simplification, reduction in vegetative complexity, reduced summer
flows, and other factors, that impair the ecological sustainability of the study lagoons.

Because these physical and chemical alterations are so prevalent and large-scale, it is unrealistic

to expect that most of our lagoon systems can be restored to a pre-human-influenced state. Leading
scientists around the world argue that we can not manage ecosystems per se because the natural
ecosystem no longer exists, but rather we must learn to manage ecosystems with people as integral
parts. Developing innovative ways to balance the needs and actions of humans and aquatic ecosystems
should be considered as both a long-term challenge and priority. To achieve this, it is critical to
understand what impacts these physical and chemical modifications have on ecological function and
the biota the lagoons support. CLEAP approached the lagoons with the perspective that opportunities
exist to increase the ecological susceptibility of these systems, despite the inevitable human pressures.
Thus, CLEAP explored the range of lagoon conditions of the 5 selected sites to evaluate our hypotheses
of potential primary factors that may influence relative lagoon conditions in Santa Cruz County. The
findings from CLEAP can be used to expand key observations to lagoons outside of Santa Cruz County in
an effort to develop a broader approach to evaluate and track California lagoon function.

The CLEAP approach is based on four primary hypotheses:

1. The primary human-induced stressors influencing the ecology in the majority of California coastal
lagoons are physical and water quality modifications, which include human reclamation of the historic
marsh, freshwater diversions, illegal sandbar breaching, and nutrient enrichment well over natural
levels.

2. Select biological components of California coastal lagoons vary in response to different degrees of
human-induced stressors. The five lagoons were included in this study because they were determined to
represent a range of human-induced impacts, which allows investigation into varying biotic responses to
different physical and water quality conditions.

3. Specific physical components of a lagoon system, including morphology, circulation, stratification
and hydrology, make the system (or specific locations within a lagoon system) more susceptible to
eutrophication and its associated water quality problems, than others (Monbet 1992, Beck and Bruland
2000, Cloern 2001, Luther et al 2004, etc).
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4. Evaluating lagoons from a multi-trophic level perspective, rather than from a single-species
perspective, provides a more comprehensive understanding of how and what specific physical and
chemical conditions within lagoons and associated human impacts may influence overall lagoon
ecology.

The CLEAP data collection and data evaluation approach relied heavily upon existing aquatic resource
assessment techniques. These techniques were developed from a diverse assortment of resources
including: the U.S. EPA’s Guide to Wetland Assessment (USEPA 2002), Karr and Chu’s approach to
monitoring biotic integrity to evaluate aquatic system condition (Karr and Chu 1999), and over 40 peer-
reviewed publications on coastal ecosystem function, water quality, and identification of biological
indicators in aquatic systems (see References; Section 17).

Section 8 documents existing literature and scientific processes associated with biogeochemistry,
nutrient cycling and eutrophication, and explores how the CLEAP team hypothesizes these processes
may relate to lagoon condition. This background information is provided to educate readers on the wide
array of scientific research identifying eutrophication as a significant ecological issue in the world’s
human-impacted waters and to document possible direct physical and chemical processes within
Central California lagoon systems that may exacerbate the impacts of nutrient enrichment. Based on the
existing scientific evaluations in other coastal systems and the highly dynamic nature of coastal lagoons,
CLEAP investigators were interested in evaluating the link between the base of the food chain ecology
and the physical and water quality conditions in these coastal systems.

In 2003, qualitative and quantitative data from 11 local lagoon systems were used to empirically rank
Santa Cruz County lagoon systems from least to most impacted by human activities (Section 9) and

the subset of five lagoons for detailed evaluations were selected to represent a range of local lagoon
conditions. Monthly lagoon-specific physical, chemical and biological monitoring, termed a Lagoon
Sampling Day (LSD), was conducted in each of the five CLEAP lagoons during the dry months of the
year in 2004 and 2005, when differences in condition across lagoons were most likely to occur (May-
October). Automated instrumentation was used to obtain continuous physical and chemical data within
each of the five lagoons. Detailed sampling methods and protocols employed are presented in Sections
10 and 11. Over 1.25 million data points were collected during the CLEAP efforts and are stored in a
customized MS Access Database.

Coupled with detailed evaluations of the interactions of physical and chemical conditions within the
selected lagoons, monthly data collection efforts included observations, surveys and sampling of

four trophic levels within the lagoons: primary producers, zooplankton, benthic invertebrates and
fisheries. Biological monitoring techniques and protocols were developed for each trophic level based
on previously documented methods in similar aquatic systems, cost-effectiveness of the method, and
the ability of method to provide repeatable results to compare biological observations across lagoons.
Within a comparative lagoon framework, CLEAP integrated evaluations across lagoon systems to
investigate the potential functional relationships between watershed conditions, lagoon conditions and
resident ecological communities.

Section 12 explains in depth the concept of “stressors” and “indicators”. The initial stressor and
indicator development, testing, and findings were conducted to provide a tangible and step-by-step
documentation of how ecological researchers across the country have increased the power of physical,
chemical and ecological data to improve our understanding of complex datasets obtained from

dynamic natural systems. Both the initial statistical metric testing (Section 12) and the across-lagoon
comparisons of various stressor and indicators values (Sections 13 and 14) provided preliminary insight
into the existing conditions of CLEAP lagoons. Hopefully, resource agencies will see value in continuing
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to identify and refine a suite of parameters that can collectively indicate relative lagoon condition and
will most likely demonstrate a predictable response to changes (either positive or negative) in lagoon
conditions over time. Standardizing the data collection and analysis protocols in this manner, subject to
lagoon-specific goals, facilitates comparisons between lagoons or within the same lagoon system over
time. This is particularly useful if funding for monitoring is limited so that the resources available can be
targeted wisely.

While the CLEAP work on stressor and indicator metric testing is preliminary, CLEAP represents a
comprehensive first step to broaden our scientific understanding of California lagoon ecology and how
these lagoon systems may respond to different variables. Additional study is required to continue to
evaluate lagoon processes over longer study periods and in a greater number of lagoons, to better refine
our ability to identify lagoon-specific stressors, to consistently evaluate relative lagoon condition, and to
implement effective adaptive management programs.

CLEAP LIMITATIONS

CLEAP was developed to collect a significant amount of physical, chemical and biological data

with limited funding and resources. Of the most important outcomes of CLEAP is the creation,
documentation, and presentation of many tangible tools that provide a stepping-off point from which to
implement lagoon ecological analysis that can expand our understanding of how best to evaluate and
enhance today’s human-impacted lagoons. Below we document the specific limitations (Section 6) of the
CLEAP effort to ensure that neither the intent nor results of this project are misinterpreted by the reader.

1. CLEAP efforts have generated a significant interdisciplinary dataset of lagoon physical, chemical
and biological conditions from 5 specific lagoons located in Santa Cruz County, CA. The sites
were selected to represent a range of habitat conditions, thus improving the power of comparison
across these lagoons. The specific condition observations and functional interactions observed
in each Santa Cruz County lagoon may or may not be indicative of conditions expected in lagoons
outside of this restricted region. The expansion of a subset of CLEAP parameters to incorporate
greater regional and/or statewide representation of coastal lagoons will continue to improve our
knowledge of how to evaluate and track lagoon condition throughout the State of California.

2. The detailed CLEAP dataset consists of data from only 2 years of observations. Natural variability
is impossible to resolve on such a short time scale and continuing to build a long-term dataset of
a selection of CLEAP parameters in CLEAP lagoons will significantly improve our understanding of
the Santa Cruz County lagoon condition.

3. There are no pristine, undisturbed California lagoons. Nor is there a lagoon still operating within
its natural morphology. A natural baseline evaluation of lagoon condition is unobtainable in
Coastal California lagoons, and future evaluations should consider aquatic ecosystem function
with humans as integral parts. To compensate for the lack of a pristine endpoint, the CLEAP
approach relied heavily on extensive existing successful research and evaluations on similar
natural system types (Section 6 and Section 12) to identify potential stressors and indicators
that may differ across the habitat condition range represented by the 5 CLEAP lagoons.

4. The CLEAP team does not believe that a definitive list of Central California lagoon stressors
and indicators is contained herein, nor do we argue that our efforts have exhausted all
possible options of successful lagoon stressors and indicators. Rather, this tangible example
of data collection, data reduction, data evaluation and data application can be used to inform,
standardize and expand future lagoon-condition evaluations both within Santa Cruz County
and beyond. Ultimately, successful stressors and indicators of lagoon condition can be directly
measured and monitored to evaluate existing conditions and can be tracked over time to

2NDNATURE, LLC | 321 Frederick Street Santa Cruz California 95062 phone 831-426-9119 fax 831-421-9023 email info@2ndnatureinc.com




1. Executive summary COMPARATIVE LAGOON ECOLOGICAL ASSESSMENT PROJECT (CLEAP) page 1.7

potentially evaluate the effectiveness of future lagoon enhancement and watershed management
efforts.

5. The metric development and preliminary testing as presented in Section 12 has a number of
limitations, including:

e All stressor and indicator values from May to October were aggregated over a 2-yr period. A
month-by-month evaluation would eliminate some of the data differences as a result of seasonal
and climatic differences, though it was not conducted due to resource limitations.

e All stressor and biological indicator values were aggregated regardless of sandbar status, and
thus circulation, conditions.

* The study was limited to only 5 lagoon systems in a very localized regional context. However,
the relative human gradient that the CLEAP lagoons represent does provide power to these
evaluations where we are looking to identify predictable changes in biological metrics
(indicators) across a range of human impacts.

6. All environmental sampling techniques for physical, chemical and biological parameters have
temporal and spatial limitations. There is inherent variability in hydrology, tides and climate
on both short and long time scales. In addition, each lagoon is physically complex and both
horizontal and vertical differences exist throughout the lagoon, resulting in a patchy biotic
distribution. The CLEAP data collection and analysis efforts took all reasonable steps to ensure
the most representative and consistent sampling of the subject lagoons, with a focus on
minimizing as much natural variability within and across sites given available resources. Thus
non-random (targeted) sampling was conducted to constrain as much natural variability as
possible, increasing our confidence that variations in the data across sites was due to actual
differences in site conditions and not due to diel, tidal or climatic differences.

7. The data contained in this report and the database was collected as part of an investigation
into lagoon system conditions and functional processes, and to provide a baseline for future
programs working to characterize conditions and enhance the ecological sustainability of the
lagoon systems. While we cannot control the use of the data by others, we want to emphasize
that any attempts to use the data or results contained in this report should be carefully
assessed by local, state, and federal resource agencies.

SPECIAL NOTE ON THREATENED AND ENDANGERED LAGOON SPECIES

The listed species of interest that may inhabit Santa Cruz coastal lagoons include steelhead trout
(Oncorhynchus mykiss), coho salmon (Oncorhynchus kisutch), tidewater gobies (Eucyclogobius
newberryi), red-legged frogs (Rana aurora draytoni), and San Francisco garter snakes (Thamnophis
sirtalis tetrataenia). Due to funding limitations and project scope, CLEAP efforts only included
evaluations of listed fisheries, teaming with the NOAA NMFS laboratory, and did not include sampling,
habitat mapping or other considerations associated with reptiles or amphibians. As future management,
enhancement and restoration actions are considered in specific lagoon systems, project designers and
agency staff must evaluate potential actions in light of existing species recovery and management plans,
including (but not limited to) the Department of Fish and Game State Coho Recovery Plan, Department
of Fish and Game Steelhead Management Plan, the USFWS Recovery Plan for the Tidewater Goby and
the USFWS Recovery Plan for the California Red-Legged Frog. A draft recovery plan by NOAA for Central
Coast Coho Salmon was completed in June 2007 with a final plan to be completed in December 2007.
Any on-the-ground lagoon restoration projects should involve early consultation with the appropriate
resource and regulatory agencies to ensure that sufficient protective measures are in place to minimize
risk to all threatened and endangered species present.

2NDNATURE, LLC | 321 Frederick Street Santa Cruz California 95062 phone 831-426-9119 fax 831-421-9023 email info@2ndnatureinc.com




1. Executive summary COMPARATIVE LAGOON ECOLOGICAL ASSESSMENT PROJECT (CLEAP) page 1.8

KEY FINDINGS

As discussed above, CLEAP was designed to gather baseline conditions data for five Santa Cruz County
lagoons, focusing on documenting physical and water quality modifications (stressors) and the resultant
conditions of the primary producers, zooplankton, benthic invertebrates, and fisheries communities
(Sections 10, 11 and 12). Additionally, CLEAP has analyzed this data in an effort to identify particular
correlations and indicators that might help focus lagoon condition evaluations in the future. CLEAP

has also presented detailed data collection protocols and presentation methods (Sections 7, 8 and 9)
for all parameters collected and evaluated. It is hoped that by establishing a dialogue advocating the
need for standardization in data collection, formulation of process-oriented hypotheses of key factors
influencing lagoon condition and comparisons of data across lagoon systems regionally and statewide,
we will improve our understanding of how to identify what factors may be influencing the differences
across lagoon conditions. As we improve our ability to best evaluate lagoon condition, our strategies
for effective enhancement will be more informed in a quest toward preserving these dwindling critical
ecosystems.

Below are a collection of highlights from Sections 12 through 15.

e PHYSICAL MORPHOLOGY: The morphology of all the CLEAP lagoons has been significantly
altered to accommodate human development needs. The existing summer lagoon surface area
of each CLEAP lagoon is 20% or less of its natural area. The existing morphology of the CLEAP
lagoons is characterized by a straightened, leveed channel that contains the majority of winter
flows and the summer-impounded water during lagoon conditions. All of the CLEAP lagoons have
significantly lower width: depth ratios than the pre-disturbed lagoon. This significant alteration in
lagoon morphology equates to a more localized lagoon footprint, minimal marsh shallow water
habitat and complete alteration of the historic vegetation communities, summer lagoon storage
capacity, hydrodynamics, biogeochemical cycling and other physical and chemical processes.
The alteration of lagoon morphology has essentially resulted in a complete transformation of all
natural lagoon processes, a transformation that has likely resonated throughout the biological
communities as well.

e CLOSURE TIMING and DURATION: When seasonal stream discharge recedes to late spring
conditions, the timing of seasonal sandbar closure is likely driven by coastal dynamics as
observed by the coincidental sandbar closure of CLEAP lagoons during spring tidal conditions
and south swell events (Section 13). The coastal swell must deliver enough sediment to the
beach berm to exceed the elevation of the lagoon water surface. Comparative observations at
Laguna Lagoon (with a natural mouth morphology) versus San Lorenzo and Aptos (with bridge
constrictions in close proximity) consistently display differences in the ability of the sandbar
to remain intact. Cross-sectional constrictions of lagoon width near the mouth, such as bridge
structures, likely delay the formation of a sustained sandbar barrier. The water surface elevation
in these constricted lagoons will quickly exceed the elevation of the sandbar due to the low
lagoon width:depth ratio. Heavily flood-controlled lagoons must accommodate lagoon water
storage along the beach environment due to the significant reduction in the surface area of the
lagoon and the associated lack of horizontal water spreading capacity within the leveed channel.

2NDNATURE, LLC | 321 Frederick Street Santa Cruz California 95062 phone 831-426-9119 fax 831-421-9023 email info@2ndnatureinc.com




1. Executive summary COMPARATIVE LAGOON ECOLOGICAL ASSESSMENT PROJECT (CLEAP) page 1.9

SEASONAL VARIATIONS: Santa Cruz County coastal lagoons transition from a deltaic river-
dominated system in the winter and spring, to a backwater brackish environment in the
summer and fall. These changes in circulation and climate result in a relative increase

in primary production rates and organic matter accumulation in each CLEAP lagoon from
winter to summer. Future efforts to evaluate the relative condition of California coastal
lagoons are recommended to focus on the summer and fall conditions when surface water
flows recede, lagoon sandbar forms, water temperatures and light availability increase,
and organic productivity is relatively elevated. These seasonal conditions are when the
differences in physical, chemical and biological (i.e., stressor and indicator) conditions
are expected to be greatest between the less impacted and more impacted lagoons, thus
providing the most effective evaluations of relative lagoon condition.

EUTROPHICATION and WATER QUALITY: Eutrophic conditions are created by the excessive
availability of dissolved inorganic nitrogen (DIN) (the limiting nutrient in CLEAP lagoons)
and the exponentially increased rate of primary production as a result of increased light
availability and water temperatures (Wetzel 1991, Section 6). Seasonal variations in
circulation and climate during the summer and fall would have naturally increased the
rate of primary production in summer lagoon environments. Particularly fast-growing
phytoplankton and macro algae blooms will sink and accumulate at the bottom of the
lagoon. This material is then respired and oxygen and other electron acceptors are
consumed, creating poor water quality, as indicated by repressed DO and ORP levels
(see Section 6). The most impacted lagoons (Aptos and San Lorenzo) were observed to
possess a greater frequency and magnitude of low DO and ORP levels over the course

of the study (Figures 11.33-11.41). These observations are supported by the metric
testing (Section 10) where a number of DO and ORP metrics were identified to statistically
correlate to an array of biological indicators (Table 10.5).

CLEAP observations suggest that physical human modifications to the lagoons have
exacerbated eutrophication and the associated water quality impacts in these naturally
productive environments for a number of reasons:

CLEAP lagoons are subjected to higher N and P loading over natural levels as a result of
urban, rural and agricultural human activities, thus we suspect primary production rates
may be elevated relative to the natural summer California lagoon. In addition to increased
nutrient loading, the morphology of the lagoons has been significantly simplified creating
a much smaller surface area footprint of the lagoon, relative to the expansive historic
marsh areas. Today there is a more localized accumulation of organic matter, increasing
the oxygen demand at the sediment interface, which is directly responsible for low DO
and the associated water quality impacts of anoxic conditions (see Section 6). The leveed
morphology also increases surface water temperatures and the persistence of density
stratification, both of which will exacerbate repressed oxygen supply to respiring organic
material at the sediment interface in these lagoons.

The CLEAP lagoons displayed a range of the degree of eutrophication as measured by
DO, ORP (oxidation reduction potential), chlorophyll values and primary producer % cover
observations (Table 10.4). The most impacted CLEAP lagoons, Aptos and San Lorenzo,
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possess significantly higher DIN inflow concentrations than the other lagoons (0.44

and 0.27 mg/L respectively). In addition, these two lagoons are located in urban areas,
characterized by strictly defined levees with minimal riparian vegetation or canopy,
which was coincident with surface water temperatures 2.5-4°C higher than other lagoons
(Section 11). At these two lagoons, the substrate of the lagoon transitions from sand in
the spring to organic detritus by late summer/early fall. Stratification was observed to

be persistent in these lagoons, but the duration of sustained closure was limited due to
both natural and human causes. In Aptos and San Lorenzo, we suspect that while nutrient
loading to these urban lagoons is relatively elevated, the degree of eutrophication is
exacerbated by high solar exposure, extreme daily maximum surface water temperatures
and lack of emergent or submerged vegetation to uptake and fix nutrients.

Similar to Aptos and San Lorenzo Lagoons, the Scott Side Channel also possessed
consistently low DO, low ORP and elevated chlorophyll. The Scott Side Channel is a
hydrologically isolated deep channel, subjected to the same, relatively low, DIN tributary
inputs as the main Scott Lagoon. The Scott Side Channel substrate was observed to be
organic detritus throughout the seasonal observations from spring through fall, suggesting
a lack of winter scour and organic detritus removal during high flow events. The
respiration of organic matter at the bottom of relatively shallow water column (< 10 ft) can
be a significant supply of DIN to the primary producer community (Wetzel 1991, Sutula,

et al 2005). In addition the channel surface water temperatures were consistently 3-5 °C
higher than the main Scott lagoon stations (Section 14), further elevating summer primary
production rates. In the instance of Scott Side Channel, we suspect a significant supply of
DIN is provided from the persistent organic matter detritus at the sediment interface. The
hydrologic isolation of this station (SC3) has created a micro environment with poor water
exchange and elevated surface water temperatures, preferentially exacerbating primary
production rates.

Most stations located within Laguna Lagoon, Scott Lagoon and Soquel Lagoon were
characterized by more stable DO conditions (< 3 mg/L), lower chlorophyll values and
minimal organic detritus accumulation in the summer and fall. Coincidentally, these
lagoons possess relatively lower mean DIN inflow concentrations, greater riparian
cover and shading, and consistent presence of emergent and SAV communities. The
less frequent density stratification further reduces the potential water quality impacts
by allowing oxygen produced in the surface by photosynthesis to be available at the
sediment-water interface where respiration occurs.

CLEAP observations suggest that nutrient loading, lagoon morphology, riparian canopy
and the persistence of stratification appear to directly influence the susceptibility of a
lagoon (or a location within a lagoon) to eutrophic conditions. These observations are
supported by the statistically significant correlations between these stressor metrics

as presented in Tables 10.6A and 10.6B). These observations also suggest that
opportunities exist to enhance specific lagoons by implementing enhancement strategies
that increase winter flushing and scour of summer organic material accumulation,
increase summer water exchange and reduce maximum daily summer water
temperatures.
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e DENSITY STRATIFICATION: Density stratification was observed to exacerbate poor water
quality conditions in CLEAP lagoons (Table 10.6) as well as correlate with an array of
biological indicators (Table 10.4). However, a completely fresh water column within the
summer lagoons did not always correlate to higher dissolved oxygen concentrations and
low primary production rates, as observed in Aptos and San Lorenzo Lagoons. Primary
production and organic matter accumulation at the sediment-water interface will occur
if DIN and light are available and temperatures are elevated in the surface waters,
regardless of the presence of a saline bottom water layer. Other contributing factors,
such as temperature, solar exposure, nitrogen loading, nitrogen availability, water mixing,
morphology, etc., must be considered in order to better predict if a sustained summer
sandbar and freshwater conversion will equate to improved summer lagoon water and
ecological quality in Santa Cruz County lagoons. In some instances, the elimination
of stratification may increase the oxygen availability at the benthos to prevent anoxic
conditions, but it is possible that elevated organic production in systems like Aptos
Lagoon could exceed the oxygen supply of the water column (producing anoxic conditions)
even if density stratification is not present. The occurrence of such events are typical of
nutrient enriched fresh water lakes (Lake Washington, Seattle) and brackish estuaries
(Malibu Lagoon or Chesapeake Bay), and in such instances the nutrient sources to the
system must be addressed for enhancement efforts to be effective.

e PRIMARY PRODUCER COMMUNITY: The primary producer community assemblages,
distribution and density appear to provide quickly obtainable information that can provide
insight into relative lagoon condition. The lagoon hydrology and chemical conditions are
extremely dynamic, particularly in the summer months when circulation, tidal and climatic
regimes can vary on hourly time scales. The primary producer communities provide a
direct link to these dynamic variables because of their very short life cycles and quick
response to the surrounding physical and chemical environment. Based on research
throughout the world (Monbet 1992, Siver 1995, Duarte 1995, Barbour et al 1999,
Bachelet et al 2000, Cloern 2001, Fano et al 2003, etc), primary producer community
characteristics in highly dynamic aquatic systems can be very effective indicators of
nutrient availability, physical circulation regime, degree of pollution and other potential
stressors on an aquatic system. Because these organisms form the base of the trophic
structure, it is assumed that observations of the primary producer communities can
provide insight to the relative quality of habitat for higher organisms. CLEAP observations
suggest there is promise to utilize components of the primary producer communities as
partial indicators of lagoon condition.

The magnitude, density and composition of the primary producer community within CLEAP
lagoons displayed distinct differences across the lagoons that represent a range of habitat
conditions. Applying observations throughout the world by Duarte (1995), the composition
of the primary producer community can have a distinct impact on the entire aquatic
community and the primary producer assemblage can vary along a nitrogen availability
gradient. Duarte (1995) documents that a dominance of fast-growing phytoplankton can
out-compete slow-growing SAV species by clouding surface waters and limiting light to

the benthos. A dominant phytoplankton and macro algae community results in excessive
accumulation of organic matter at the bottom of the lagoon due to the short life spans,
which leads to low DO and other water quality issues. CLEAP evaluated the differences
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in the dominant primary producer communities across lagoons in light of specific physical and
chemical factors that may influence why these differences exist.

The magnitude and type of primary producer communities varied across the CLEAP lagoons

and observations suggest that physical and chemical conditions of each of the lagoons may
influence these differences in the summer lagoon conditions. The metric testing revealed

an array of correlations between primary producer metrics and circulation regime, nutrient
characteristics, stratification, DO and ORP conditions (Table 10.4). Observations of the
dominant primary producer community present in CLEAP lagoons shifted from standing SAV
communities in the less impacted summer lagoons, such as Laguna and Scott, to more short-
lived phytoplankton dominance in the more impacted lagoons, as observed in Aptos and San
Lorenzo. Aptos and San Lorenzo consistently possessed more frequent and relatively larger
phytoplankton blooms (as measured from chlorophyll and primary producer abundance).
Coincidently, Aptos and San Lorenzo also have greater solar exposure (lack of riparian canopy),
less water mixing and water exchange within the closed lagoon conditions, a greater distribution
of land uses suspected to contribute chronic nutrient loading to the lagoon, and higher tributary
DIN concentrations. Interestingly, Scott Side channel displayed water quality characteristics
similar to Aptos and San Lorenzo (high chlorophyll, stratification and low DO). While the Scott
Side Channel is subjected to the same inflowing waters as the main portion of Scott Lagoon,
the side channel is hydrologically restricted with elevated water temperatures and poor water
exchange. These findings further support the hypothesis that morphology of the lagoon, or
portions of the lagoon, can have a profound effect on the water quality and associated biota at
the base of the food chain.

e ZOOPLANKTON: The zooplankton community evaluations were both expensive (> $100 per
sample) and required a high level of training for field data collection and species enumeration.
While future scientific ecological evaluations of the zooplankton community dynamics in
coastal lagoons would greatly improve the application of this trophic level as lagoon biological
indicators, the current level of understanding of lagoon zooplankton species and community
assemblage is too underdeveloped for simple application by natural resource manager to assess
and/or track lagoon condition.

e BENTHIC INVERTEBRATES: CLEAP findings provide ample evidence to suggest benthic
invertebrate metrics (such as species diversity, number of taxa, and presence/absence of
intolerant species) may be useful future biological indicators of lagoon conditions. The most
consistent and dramatic predictable differences in benthic invertebrate metrics across CLEAP
lagoons were observed in the benthic grab sample community at sampling stations in closer
proximity to the mouth of the lagoon. Figure 12.17 illustrates that the sites with the most
frequent observations of poor water quality (Aptos, San Lorenzo and Scott Side Channel) had
very low species diversity (<0.2) and/or very low number of organisms (<50 individuals) during
the majority of observations. Little benthic invertebrates taxonomy has been conducted in the
saline/brackish environment typical of California coastal lagoons, and significant opportunities
exist to expand the benthic bioassessment work conducted for CLEAP. A library of all species
collected in CLEAP lagoons has been cataloged and preserved and is available to other
researchers who wish to further characterize these communities.
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* FISHERIES: The CLEAP observations suggest that the utilization and tracking of definitive fish
data within lagoons to evaluate lagoon water quality and lagoon function is difficult because
the conditions within each lagoon that support these listed species may be different. Neither
salmonid population estimates, salmonid growth rates, salmonid presence/absence, nor
tidewater goby presence/absence showed a consistent response to habitat stressors from the
preliminary metric testing. Nor do the steelhead populations, growth rates, or other metrics
representing sensitive fish species across lagoons and within lagoons provide any statistical
correlation to variations of lagoon conditions (Section 10). Steelhead were present in all lagoons
evaluated. Coho salmon are at the southern extent of their range and are not expected to
be observed in three of the five CLEAP lagoons. Tidewater gobies have very specific, shady,
shallow, sand-substrate requirements, all of which limited the use of the fish metrics as specific
indicators in this study.

e FISHERIES: The distribution of salmonids and tidewater gobies within each lagoon provides
some information on relative habitat utilization and needs. At Scott Lagoon, minimal to no fish
were caught within the Side Channel from July through October each year. In Aptos Lagoon,
salmonid abundance significantly declined each late summer to early fall. In Aptos, San Lorenzo
and Soquel a greater number per unit effort of salmonids were consistently captured under
the bridge structures than in un-shaded locations. CLEAP fish sampling become selective in
mid-summer 2004 to focus on the shaded locations of San Lorenzo Lagoon to increase our
catch per unit effort. In the North Coast lagoons, the distribution of the fish did not necessarily
correspond with sun exposure, and in fact our observations were quite the opposite with great
density of steelhead and coho sampled in the open channel areas. The greatest tidewater goby
populations were consistently observed in Laguna Lagoon at the shallow margin between the
beach environment and the first occurrence of emergent vegetation. This habitat transition has
been eliminated in Scott, San Lorenzo, Soquel and Aptos Lagoon due to the presence of a bridge
and/or artificial levees. Tidewater gobies were never observed in the managed Soquel Lagoon.

* FISHERIES: One of the primary target conditions of coastal watershed and lagoon natural
resource management is the preservation and enhancement of the listed anadromous fish
populations. One key assumption is that improvements in Santa Cruz lagoon conditions, which
include fish food, protection and habitat, will directly result in an increase in the viability of the
long-term anadromous fish populations. The condition, population, growth and utilization of
these species in the lagoon and the increased oceanic survival of salmonids in the ocean is one
overall goal of Santa Cruz lagoon management. However, annual population estimates within a
lagoon each year provide limited information on the snapshot in time of salmonid and/or goby
lagoon utilization. Sampling inefficiencies, excessive sampling costs, fish mobility, salmonid year
class life histories, and many other factors make our ability to interpret differences in the fish
data as differences in lagoon quality very difficult. In order to conduct the definitive, long-term
salmonid evaluations necessary to confidently infer that salmonid utilization of a specific lagoon
has increased and that ocean survival and spawning of the fish that utilized the lagoon has also
increased (if positive management changes in the lagoon were implemented), fish monitoring
must track individual fish for 2-3 yrs. These fisheries research efforts are complicated and
expensive, but would obviously be extremely valuable and are currently being undertaken by
federal research agencies such as NOAA, NMFS. In lieu of such detailed fish sampling, CLEAP
has laid the framework to improve our ability to assess and track within-lagoon conditions by
using more cost-effective and easily attainable robust datasets, with the implied assumption
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that improving the lagoon conditions, as our best current understanding of condition is defined,
will benefit the sensitive fish species. The refinement and testing of our evaluation of relative
habitat conditions and which physical, chemical and biological parameters will best indicate
condition, must continue to evolve. Future efforts need to continue to identify and test within-
lagoon conditions that are assumed to increase sensitive species habitat quality, survival,
reproduction and long-term population resilience.

PRELIMINARY LAGOON ENHANCEMENT STRATEGIES

The following guidelines were developed with input from the CLEAP Technical Advisory Committee.
As stated above, any site-specific projects need to be reviewed by the resource agencies to ensure
protection of sensitive species and their habitat.

Opportunities to enhance today’s lagoons are significantly limited by the multitude of human
modifications to the lagoon and associated watershed. Flood control, water supply, non-point source
pollution, urban lands, agricultural lands, beach recreation, etc. all have an influence on the reality of
the summer California lagoon. We must devise a process to best evaluate relative lagoon condition
based on our best understanding currently. We must then hypothesize what factors are influencing a
specific lagoon to have a less or more desirable condition. These hypotheses, coupled with existing
opportunities, identify the processes and components of the system that we want to target as a result
of treatment, i.e. our enhancement strategy. We then apply treatment and evaluate our new condition.
Did our treatment work, why or why not? Now we have hypotheses and processes to test and learn from.
From these lessons we can revise our approach to measuring lagoon condition and we can modify our
approach to enhancement. This, by definition, is adaptive management.

General recommended strategies to improve and protect Santa Cruz lagoons include:

e Explore innovative techniques to manage water supply to meet both human and local aquatic
ecology needs, including timing of intakes and/or releases to better accommodate both water
supply and ecological components of the lagoon systems.

e Develop long-term strategies, community education, and best management strategies to
reduce the non-point source loading of nutrients and other pollutants to the local watershed.
All community members and local agencies can work toward reducing nutrient loading into
local water resources through limiting fertilizer applications, improving septic systems, and
implementing more environmentally sustainable agricultural practices.

* Develop and post signs at lagoon mouths to educate the community regarding the value of a
summer sandbar that remains intact and to deter unauthorized breaching.

e Seriously explore feasible opportunities to expand the surface area of urban lagoons.

* Implement enhancement projects within the lagoons that increase physical lagoon complexity
in an effort to provide a greater variety and abundance of ecological niches within the lagoon
system to support a more stable and diverse food supply for the endangered fisheries.

* Implement enhancement measures that create habitat niches directly utilized by endangered
aquatic species, including salmonids and tidewater goby.

* In lagoons where eutrophic conditions exist, implement enhancement measures that will reduce
the availability of nitrogen (the limiting nutrient) by reducing summer water temperatures,
reducing solar exposure, and maximize water exchange during closed conditions. Morphologic
modifications that take advantage of winter storm flow flushing and bed scour of all locations
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within the lagoon will reduce the accumulation and persistence of organic detritus at the
sediment-water interface within the lagoon, a process that is hypothesized to directly contribute
to deleterious summer lagoon water quality conditions.

STRATEGIES FOR NORTH COAST LAGOONS: The enhancement strategies for each lagoon should

be different and site-specific enhancement effort considerations should be process-oriented and
incorporate the opportunities and constraints at each unique lagoon. Using the CLEAP lagoons as an
example, the primary opportunity associated with the North Coast lagoons, Scott and Laguna, is the lack
of current and future flood control to protect the historic marsh. While historic agricultural reclamation,
railroad and Highway One construction significantly altered the morphology of the historic lagoons,
opportunities now exist to remove the predominant morphologic constrictions and enable the 21st
century lagoons to reestablish a new morphologic equilibrium. Removal of existing levees and legacy
human structures can be coupled with strategic placement of grade controls and wood structures to
facilitate the expansion of the summer lagoon marsh surface area, create more natural summer sandbar
formation dynamics and allow the system to restore a more natural seasonal functionality. The North
Coast lagoons have relatively lower DIN loading pressures in comparison to the urban lagoons located

in the City of Santa Cruz and City of Aptos, thus CLEAP observations of water quality and local biota
communities suggest that simple morphologic changes may be sufficient to mitigate the water quality
issues observed at these sites, such as in the Scott Side Channel or the Laguna South Pond. Thus, the
strategy for enhancement in these North Coast systems from a CLEAP perspective would be to remove
existing hydrologic constraints, move as little earth as possible, and create a physical environment
where the lagoons can reestablish a more complex, hydrodynamic and sediment distribution equilibrium.

STRATEGIES FOR URBAN LAGOONS: In the urban lagoons, winter flood control at the lagoon marsh is a
priority to protect local real estate. However, any opportunities to increase lagoon surface area should
be seriously pursued. The flood control restriction needs limit the marsh/lagoon surface area available
during the summer backwater conditions. In addition, the urban lagoons have greater annual DIN
loading as a result of urban pressures, upper watershed septic systems and other non-point sources
from human activities. The ultimate lagoon enhancement goal of the urban lagoons should be to identify
management strategies that facilitate a sustained summer backwater lagoon environment without

the gradual decline of lagoon water quality during the summer and fall. Based on the comparative
evaluation across CLEAP lagoons, opportunities exist to modify the specific factors influencing summer
primary production rates, primary producer communities and organic matter accumulation in summer
Santa Cruz lagoons. Hydrologic modifications that utilize the winter high stream flows and elevated
tidal inflow events to remove organic detritus from the lagoon substrate (a DIN source) and replace

the organic material with low nutrient containing sand are expected to reduce the summer lagoon
susceptibility to eutrophication. Increasing shading by riparian canopy will reduce both surface water
temperatures and light availability, as demonstrated in Soquel Lagoon. Morphologic modifications that
can maximize summer lagoon water exchange and mixing will assist with eliminating stratification, as
well as reduce maximum daily surface water temperatures. Planting and promoting SAV communities
in the urban lagoons will provide shading and habitat in the simplistic sand channels as well as uptake
and store DIN over the entire summer season. SAV species are relatively shallow rooted and the organic
material can be expected to be exported from the lagoon system each winter during storm flow events.

LAGOON COMPLEXITY: Enhancement opportunities that increase the physical complexity of the lagoon
should be a priority, including vegetation diversity, channel complexity, sediment-sorting complexity,
shading complexity and other components that will increase the diversity of the physical setting. A
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more physically diverse lagoon will possess a greater number of biological niches and directly increase
opportunities for increased species diversity of lower trophic levels and great refuge opportunities

for sensitive fish species. The overwhelming distribution of salmonids in shaded locations within the
morphologically simple urban lagoons suggest shading and structure refuge may be preferentially used
by resident salmonids. Again, the specific conditions of each physical niche to be created should be
evaluated to ensure the changes will not exacerbate the summer water quality.

FUTURE WORK

Understanding the condition and ecological state of these lagoons has important ramifications for
sensitive species recovery and is an important piece in overall watershed enhancement efforts to
sustain more viable watershed systems with humans as an integral part. The CLEAP efforts provide a
tangible example of an interdisciplinary evaluation of coastal lagoon systems and advance our scientific
understanding of the complex lagoon systems common to the Central California coast. CLEAP provides
an array of tools with which future lagoon evaluations can be refined to both focus assessments of
lagoon conditions and track the performance of future lagoon enhancement efforts. Consistent long-
term datasets that document lagoon condition will undoubtedly improve our collective ability to report
and track the change in this natural resource condition over time. Future efforts such as a Coastal
California lagoon rapid bioassessment, applications for the existing California Rapid Assessment Method
(CRAM) methodology, and/or the future development of a Coastal Lagoon Index of Biological Integrity
(IBI) could all incorporate techniques, protocols, data and data analysis efforts employed by CLEAP.

CLEAP efforts have laid some preliminary framework, identified successes and failures of CLEAP efforts,
and created a preliminary list of recommended stressors and indicators (Section 16) that are expected
to provide insightful and cost-effective long-term datasets for coastal lagoon systems. The actual
selection and implementation of a collection of parameter evaluations within particular lagoon systems
in the future must consider the goals of the specific lagoon evaluation and select the most appropriate
and (assumed) powerful indicators to observe over time based upon those specific goals. Sections

10 and 11 detail all of the protocols and techniques implemented by CLEAP in an effort to minimize
natural, seasonal, and daily variability within these dynamic system. Given existing information, we
expect these preliminary metrics to change in a predictable direction (dose-response) if the pressures
of human impacts can be alleviated and/or mitigated. We hope that the resource agencies responsible
for managing and restoring these lagoons will make use of the CLEAP data and methodology and will
continue to build and refine them into the future.
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2. Project Introduction

The Comparative Lagoon Ecological Assessment Project (CLEAP) was initiated in the summer of 2003
as part of the Integrated Watershed Restoration Program (IWRP) for Santa Cruz County administered
by the Santa Cruz Resource Conservation District and the Coastal Conservancy. IWRP is an interagency
comprehensive restoration program to facilitate and coordinate projects to improve fish and wildlife
habitat and water quality in Santa Cruz County watersheds using a voluntary, non-regulatory approach.
The first phase of IWRP (pre-implementation), which includes CLEAP, was funded by a grant from the
Coastal Conservancy with the Santa Cruz County Resource Conservation District (RCD) acting as the
fiscal agent.

CLEAP is an effort to integrate the enhancement and science needs facing Santa Cruz County coastal
lagoons to improve the future ecological sustainability of these unique ecosystems. The location of
lagoons at the terminus of developed watersheds, the recreational pressure at local beaches, the
diverse and extensive biological communities naturally present in these systems, and the extent of
human modifications to local lagoon systems make the future of effective lagoon enhancement an
important focus for natural resource managers on the Central California Coast. CLEAP is the first project
on the Central Coast to combine interdisciplinary scientific data collection with specific enhancement
concerns to provide useful tools to improve the restoration of lagoon systems well into the future.

The CLEAP process has united a technically diverse group of scientists and resource managers who have
worked collectively to improve our understanding of Santa Cruz coastal lagoon function and develop
enhancement tools based on regional lagoon data. Dr. Nicole Beck of 2NDNATURE is the lead consultant
and has designed, managed and implemented an intensive and focused data collection effort on Santa
Cruz County lagoons. Key team members include Dr. Ellen Freund, a research fishery biologist from the
National Marine Fisheries Service (NOAA NMFS), Jeff Hagar, fisheries biologist of Hagar Environmental
Sciences, Amy Little, M.S. ecologist, Michelle Shouse, M.S. (USGS) benthic invertebrate scientist and
Department of Fish and Game (DFG) benthic scientist Jim Harrington. Donna Meyers of the National
Marine Sanctuary Program (NOAA/NMSP), Kate Goodnight (Coastal Conservancy), Karen Christensen
(Santa Cruz Resource Conservation District) and John Ricker (County of Santa Cruz Department of
Environmental Health) provided invaluable direction on management and policy needs of the local
resource managers throughout the CLEAP project to improve the integration of science with policy.

A Technical Advisory Committee (TAC) was convened for CLEAP to assist with the 2003 site selection
process. The TAC represented the following agencies in its membership: NOAA Fisheries Habitat Branch,
NOAA Fisheries Southwest Fisheries Science Center, California Department of Fish and Game, California
Coastal Commission, Central Coast Regional Water Quality Control Board, California Department of
Parks and Recreation, Monterey Bay National Marine Sanctuary, Santa Cruz County Department of
Environmental Health, City of Capitola and City of Santa Cruz. The TAC provided technical advice
regarding study design, commented on data analysis and provided constructive comment on CLEAP
findings and recommendations. The TAC met six times throughout the three year time period of the
project. The TAC assisted with lagoon selection, study parameters, study design features, and data
analysis approach. Based on TAC recommendations, benthic macroinvertebrate sampling were added
to the monitoring efforts. At the conclusion of the data collection, the TAC reviewed and commented on
the stressors and indicator development and data analysis approach. Finally the TAC was convened to
provide input on enhancement objectives for each of the study lagoons and comment upon the draft
final project report.
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3. Problem Statement

WHY DO WE CARE ABOUT LAGOONS?

California coastal lagoons have both a high human and ecological value in today’s society, yet there

is little question that the health of many Santa Cruz lagoons is currently below its achievable level

due in large part to adjacent land use and inevitable human stressors. Lagoon systems are located at
the interface of coastal streams with the ocean and thus are the terminal delivery point for pollutants
generated within their respective watersheds. The location of these water bodies at the coast has a
significant role in coastal water quality and the protection of recreational, cold water fisheries and

other key beneficial uses. Water quality impairments common in local lagoon systems include elevated
bacterial levels, low dissolved oxygen, increased algal growth, excessive sediment, and elevated nutrient
levels. Posted health warnings due to elevated bacterial levels in the summer are common at beaches
adjacent to San Lorenzo Lagoon, Aptos Lagoon, and Soquel Lagoon, as well as others (Ricker and Peters
2005).

From an ecological perspective, the life cycles of a number of organisms are adapted to the seasonal
conditions within these lagoons. The species of special interest that utilize coastal lagoons as critical
rearing habitat include the steelhead (Oncorhynchus mykiss) and, to a lesser extent, the coho salmon
(Oncorhynchus kisutch). Steelhead were listed under the Endangered Species Act (ESA) as a threatened
species on August 18, 1997; the threatened status was reaffirmed on January 5, 2006 and includes all
naturally spawned populations of steelhead (and their progeny) in streams from the Russian River to
Aptos Creek, Santa Cruz County, California (inclusive). Coho salmon were originally listed as threatened
on October 31, 1996 and later upgraded to endangered status on June 28, 2005. The listing includes all
naturally spawned populations from Punta Gorda in Northern California extending south to and including
the San Lorenzo River in Central California. The highly-productive nature of the lagoon environment
makes it a key component of the juvenile salmonid life. The tidewater goby (Eucyclogobius newberryi)
was federally listed as endangered February 4, 1994. Endemic to California, the tidewater goby is found
primarily in waters of coastal lagoons, estuaries, and marshes.

Loss of lagoon habitat, hydrologic modifications, lack of cover, increased predation, historic over fishing,
and overall decline of ecological health have all contributed to the population reductions of these
species in Santa Cruz County stream systems. Deleterious water quality conditions in the lagoons can
result in fish disease, growth limitations and even deaths. The worst-case scenario of current local
lagoon health is Pescadero Marsh in San Mateo County'. Pescadero Marsh has been documented to
experience annual fish and invertebrate die-offs coincident with the sandbar breach and draining of the
summer lagoon since 1997 (CA State Parks 2004). The specific conditions leading up to the Pescadero
Marsh Kills are yet unresolved, but poor water quality, low dissolved oxygen (DO) and associated
eutrophic conditions have been recently recorded in the closed marsh system (CA State Parks 2004).
There is evidence to suggest other local lagoon systems are susceptible to similar inclement water
quality.

The status of the threatened and endangered fish species in the lagoons is one of the reasons federal,
state and local funding efforts have been targeted to improve the ecological health of California
watersheds and associated lagoon systems. Aquatic resource enhancement must assist California
lagoon systems to reach a new, sustainable, healthy equilibrium. Ecological diversity and long-term
stability must be maintained, despite the inevitable accumulation of human stressors. Improvements in
lagoon ecology should focus on understanding and enhancing the entire life-support system. Successful
lagoon function enhancement will undoubtedly go hand in hand with increased habitat value and
population enrichment for the critical species of concern.
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IS OUR MANAGEMENT KEEPING UP WITH SCIENCE?

The terms “management” and “enhancement” are used throughout this document. The CLEAP team
defines management as hands-on, continuing efforts within a lagoon system that are conducted with
the intent of improving some predefined aspects of the aquatic system. Management efforts may

or may not have physical, chemical and biological health as the primary objectives. For example,

flood control management is not intended to improve the natural function of the lagoon system, but
rather reduce the frequency and magnitude of localized flooding. The purpose of CLEAP is not to
devise hands-on management alternatives for Santa Cruz lagoon systems. The CLEAP approach is
focused toward improving our understanding of natural lagoon function and applying that knowledge
to develop conceptual enhancement approaches to California lagoons. The difference between
management and enhancement then is that enhancement efforts are physical, chemical or potentially
biological changes introduced to the system with the intent of nudging the system to reestablish a new
sustainable equilibrium given the inevitable human stressors. In contrast, management requires annual
maintenance and manipulations to ensure that the objectives of the management plan are satisfied.

The ultimate goal of coastal lagoon enhancement should be to restore a sustainable and healthy
ecosystem during both open and closed lagoon conditions. The resident biota have adapted to survive
the seasonal variability within the coastal lagoons. It is during closed lagoon conditions when water
quality problems are most likely to occur. The subsequent sandbar breach can cause both human health
concerns at the neighboring coastal beaches and potential ecological concerns for the local biota due to
episodic deleterious water quality conditions. The systematic identification of the stressors responsible
for the development of deleterious water quality conditions during the warm months of the year will
facilitate focused enhancement actions as we strive to restore coastal lagoon health. The CLEAP team
by no means advocates summer lagoon breaching to reduce eutrophication and associated water quality
issues. Rather the current challenge facing the natural resource managers, scientists and engineers is
to enhance functional components of these systems that will make them less susceptible to eutrophic
conditions.

Existing Santa Cruz County Lagoon Management/Enhancement

The only active lagoon management plan in the County is being implemented in accordance with
recommendations in the 1990 Soquel Creek Lagoon Management and Enhancement Plan and the
subsequent update of the Plan in 2004 (Alley et al. 2004). Managed by the City of Capitola, the mouth
of Soquel Creek is manually closed each spring by the formation of a sand barrier with heavy machinery.
The water level is maintained by a vertical concrete riser at the mouth, transporting excess freshwater
to the coastal ocean via a buried pipe throughout the summer months of each year. Fisheries biologists
with DW Alley & Associates and the city of Capitola oversee the closure activities to minimize impacts on
resident biota and maximize the removal of organic detritus. Efforts are made to accelerate the physical
conversion of the system to freshwater by a series of breaches and closures in concert with the tidal
cycle. The lagoon remains closed until the first major winter rain event, when it is manually breached

to prevent local flooding. Regular ancillary water quality testing and bird surveys are coupled with
efforts to estimate summer/fall steelhead population numbers. These data are summarized in annual
reports submitted to the City of Capitola (DW Alley and Associates 1992-2003). The 2004 Soquel Creek
Lagoon Management and Enhancement Plan Update also includes recommendations for maintaining
water depth and fish cover, minimizing summer water temperatures, and improving water quality of
urban runoff. The long-term monitoring and implementation of the Management Plan has improved the
adaptive management process for Soquel Lagoon and nearly 15 years of salmonid monitoring data and
juvenile salmonid population estimates are available as a result.
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Santa Cruz Watershed and Stream Enhancement

Over the past decade, numerous watershed enhancement and restoration plans have been developed,
or are currently underway, for Santa Cruz County watersheds. The plans include recommendations

for riparian restoration, fish passage improvements, bank stabilization, sediment source reduction
strategies, and other efforts to improve primarily upstream watershed conditions for steelhead

and coho salmon. In 2003, IWRP funded the design and permitting for many of these restoration
recommendations throughout local watersheds and the implementation of these projects has been
initiated. However, many of these plans focus on upstream issues due to a lack of resources to study
the complexities of lagoon ecological health.

Through the IWRP program a large amount of resources are being allocated toward watershed
enhancement and fish passage improvements. The large number of upstream restoration projects
makes the CLEAP baseline data collection in high priority lagoons applicable for the evaluation of

the success of these upstream and lagoon enhancement efforts in the years to come. The CLEAP
establishment and documentation of detailed protocols will also be very useful as performance
evaluations of enhancement efforts are expected. The data and observations from CLEAP will be used
to improve our functional understanding of coastal lagoon function, increasing the integration between
science and enhancement approaches and thereby increasing the effectiveness of valuable resources.

INTEGRATING SCIENCE AND ENHANCEMENT

Numerous recent peer-reviewed articles addressing the enhancement of coastal ecosystems argue

that the scientific approach of assessment, restoration and adaptive management must be an
interdisciplinary collaboration to truly improve our understanding of these systems (Cloern 2001, Boesch
2002, Fano et al. 2003, Lundberg 2005, Karr and Chu 1999, etc). Robert Wetzel, author of the well-
accepted Limnology text (1975, revised 2001), is quoted:

“l argue that one cannot manage aquatic ecosystems effectively without understanding how
they operate in response to interactions of physical, chemical, and biotic environmental
factors. This insistence is analogous to the statement that one cannot effectively manage
human health without understanding human physiological and biochemical interactions with
environmental variables.”

The advancing study of ecological function integrates many scientific disciplines to facilitate a
comparative analysis of the underlying mechanisms of ecosystem variability. Our understanding

of coastal aquatic systems must combine hydrology, biogeochemistry, physical characteristics,

and ecological interactions, from the base of the food chain through every trophic level. Even with
improvements in the scientific approach to coastal ecosystem function, there remains a communication
gap between researchers and resource managers (Nixon 1995, Cloern 2001, Lundberg 2005, Fano et
al. 2003, Karr and Chu 1999, Wetzel 2001).

Existing Science on California Coastal Lagoons

Very little scientific information is available regarding the complex ecological function of Central
California lagoons, with peer-reviewed publications limited to the nearby estuaries of Elkhorn Slough
National Estuarine Research Reserve (ESNERR) and San Francisco Bay. Neither of these systems are
representative surrogates for the typical small California coastal lagoon ecosystems that are prevalent
along the California coast.
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Unlike estuaries on the eastern seaboard, the wet winters and very dry summers of California result in
dramatic differences in annual water circulation in these systems. In the winter, the lagoon channels are
deltaic river mouths with extreme tidal and streamflow variations. Storm hydrographs result in episodes
of sediment scour and deposition in the locations of lagoons well-connected hydraulically to the ocean
tides and watershed streamflows. When streamflows and tidal swells recede in spring and summer,

a sandbar barrier naturally forms at the mouth creating a backwater lagoon environment. The annual
hydrologic variability of these lagoons makes them unique from typical estuaries, lakes or wetlands.
Without a scientific understanding of seasonal lagoon function and the primary causes of water quality
and habitat change, the identification of effective management and restoration alternatives may be ill-
informed and future evaluations of effectiveness will be difficult to quantify.

“Grey literature” exists on specific aspects of local lagoons including salmonid assessments (DW

Alley and Associates 1992-2003, Smith 1987 and 1990, HT Harvey and Associates 2003), benthic
invertebrate sampling (Johnston 2005, Robinson 1993) and biogeochemical evaluations (Swanson
Hydrology + Geomorphology 2001, 2002). The typical data collection in local lagoons has focused on
one discipline (e.g., hydrology, benthic invertebrates, salmonid populations), spanned 1-3 years of
data collection, and is usually limited to one lagoon system. Salmonid work conducted by J.J. Smith in
the late 1980’s compared the salmonid habitat and utilization of four lagoon systems in north Santa
Cruz/south San Mateo County locations (Smith 1987, 1990). In many instances, fisheries monitoring is
accompanied by periodic vertical profiles of ancillary water quality parameters (i.e., DO, temperature,
salinity, conductivity). However, the complex biogeochemical nature of lagoons results in extreme
daily variations in many water quality parameters. The temporal variability of these systems is not well
represented by monthly spot measurements, as they provide only a snapshot of the dynamic nature of
these systems.

The lagoon environment is also present along the Southern California coastline, but again, the majority
of lagoon research is reported in grey literature. Tetra-Tech (2002) conducted watershed modeling to
assist with the development of the Malibu Creek nutrient total daily maximum load (TMDL). Ambrose
and Orme (2000) produced a comprehensive Lower Malibu Creek and Lagoon resource enhancement
and management report and Sutula et al. (2005) conducted a 2-year evaluation on the role sediment
regeneration plays in supplying nitrogen (the limiting nutrient) to the primary producer communities in
Malibu Lagoon for the Los Angeles Regional Water Quality Control Board (RWQCB). To date, there are
limited published scientific resources addressing the complex biogeochemical and ecological function of
California coastal lagoons.

Striving towards Quantifiable Adaptive Management

“Adaptive management rigorously combines management, research, monitoring, and means of changing
practices so that credible information is gained and management activities are modified by experience”
(www.google.com).

As the field of ecological restoration of aquatic systems progresses, there is an imminent need to
develop reliable indicators to quantify the changes enhancement efforts have on the ecosystem in
question. The incorporation of quantitative information about system function into management
decisions will guide an effective “adaptive management” process. If clear, quantifiable goals are defined
prior to enhancement and management actions, then post-implementation performance of a system

can be measured. To define these goals, an understanding of the aquatic system components that are
expected to respond to successful improvements is necessary. The possibility of measurable indicators
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of habitat improvements are numerous, but a few examples of quantifiable restoration project goals of a
stream or lagoon system may include:

e For a bank stabilization project, a 15% downstream physical sediment load reduction 3 years
post-project, as monitored by turbidity sensors and water grab samples analyzed for suspended
sediment concentrations (SSC).

e A 15% reduction in the number of days when there are continuous 6 hour intervals of DO <
3 mg/L, as measured by dissolved oxygen sensors. Six years following implementation, the
reduction of this chemical metric may be 25%. This goal would be a direct measurable indicator
in a lagoon system following restoration efforts where water quality improvement was a priority
goal.

¢ A 15% increase in the percent of the benthic invertebrate population that is salmonid prey, 3
years following an enhancement action with the specific goal of improving ecological integrity
and habitat quality for salmonids.

As the long-term datasets are compiled for sediment load reduction, dissolved oxygen improvements,
increases in biological performance indicators, or other specific indicators and associated performance
goals, managers are able to evaluate the following;:

e |s the restoration/enhancement meeting the intended physical, chemical, and/or biological
goals? Are there measurable improvements to key components of the system?

* What adaptive changes can be made to the enhancement efforts to improve the performance of
the key components characterizing the system in question?

e Are the quantitative improvement targets outlined at the onset of the project realistically
attainable?

Decisions to modify existing conditions and continue improvements through adaptive management will
then be based upon measurable parameters that have a documented physical, chemical or biological
functional relationship to the broader project goals, rather than reliance on qualitative opinions of
priority actions.

In order to approach natural resources from an adaptive management perspective the following
questions must be addressed:

¢ What are the assumed causes, or stressors, impairing the health and function of the system in
question? Which are the priority stressors? Which stressors can be realistically modified?

e What are measurable indicators of system function that will respond in a predictable manner
to positive improvements to the above stressors acting on the aquatic system? Successful
indicators are direct proxies to assess the function of physical, chemical or biological
components of the system in question and, ideally, are cost-effective parameters to monitor over
many years.

¢ What are the pre-restoration/enhancement values or conditions of the indicator parameters?
In order to quantify success, pre-restoration (baseline) conditions must be documented for
a collection of system parameters that are expected to respond to habitat changes. From
existing conditions, realistic goals of expected enhanced condition characteristics can then be
formulated.

¢ What are the standardized data collection protocols of the selected indicators (pre- and post-
project) to ensure changes in indicator values over time will be the result of system changes, not
sampling variability?
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Only when resource managers have documented the ecosystem function of these specialized habitats
can they apply these questions to prioritizing restoration and enhancement actions. According to Walters
(1997), adaptive management should not be learning by trial and error, but learning by careful testing.
Trial and error management is costly, time consuming and unnecessary. We believe CLEAP is laying

the framework for effective restoration and adaptive management of Santa Cruz coastal lagoons, with
applications to other lagoon systems throughout the state.

CLEAP has focused on prioritizing 4 project outcomes:

i. Collect, manage, present and interpret site specific and comparative physical, chemical and
biological data to improve our understanding of Central California coastal lagoon function.

ii. Provide an extensive baseline dataset (as an MS Access database) and the associated sampling
protocols to which future monitoring data can be compared as long-term watershed and lagoon
enhancement measures are implemented.

iii. Prioritize data collection parameters, data interpretation methods, and data presentation
techniques for future coastal lagoon monitoring based on the power of specific parameters to
indicate lagoon habitat quality.

iv. ldentify restoration and enhancement approaches to preserve and restore the ecological
function of the study lagoons.

CLEAP has utilized the power of comparative analysis to improve our understanding of the physical,
chemical and ecological function of California lagoon systems. We have aimed to measure and evaluate
the consequences of human actions on lagoon ecology by discovering biological patterns that relate

to anthropogenic stressors. The expansion of our knowledge concerning the primary causes of lagoon
function decline will aid in the future guidance towards prioritization and development of successful
restoration and enhancement actions.

CLEAP goals and objectives were defined at the project onset with the project team and TAC are
provided in the following section.

Footnotes:

"An estuary is an arm of the sea that extends inland to meet the mouth of a river. A lagoon is a shallow body of water, especially
one separated from a sea by sandbars (Webster’s Dictionary). Technically these lagoon systems are estuaries when the sandbar
is absent and lagoons when the summer sandbar forms and isolates the river mouth from coastal tidal action. Because CLEAP is
focused on the function of these systems during lagoon conditions, these systems will be referred to as lagoons throughout this
document.

i Pescadero Marsh was not included in CLEAP for detailed study because the Coastal Conservancy grant is specifically for Santa
Cruz County resources.
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4. Goals and Objectives

Goal 1: Identify historical conditions of the study lagoons and discuss the extent of alteration due to
land use changes and other human influences.

Objectives
1a. Analyze historic lagoon conditions relative to existing morphology.
1b. Document chronology of land use changes from aerial photography and historical information to
identify impacts on lagoon conditions.
1c. Compile information on physical and chemical habitat conditions to reevaluate lagoon condition
(pristine to highly impacted).

Goal 2: Utilize an array of habitat conditions to identify present-day ecological function (biological
response to physical and chemical conditions) of the study lagoons.

Objectives

2a. Design a sampling plan that enables collection of data in a manner that allows comparison of
conditions across lagoons.

2b. Identify the relationships between the physical conditions of each seasonal lagoon (including
bar formation and stability, freshwater inflow, lagoon morphology, solar and wind exposure,
water column stratification, and the extent of conversion to freshwater) and how these influence
water quality and the biogeochemical processes in each lagoon.

2c. ldentify the extent that water quality and the individual lagoon biogeochemical processes may
be limiting habitat suitability and ecological health in each lagoon.

2d. Compile across-lagoon comparisons of nutrient inflows, primary production rates, phytoplankton
communities, zooplankton communities, benthic invertebrate communities, and higher
organisms (primarily steelhead) between lagoons. Determine if correlations can be drawn based
on the respective physical and chemical conditions and the biological responses observed in
each lagoon.

2e. Collect data on the types and relative abundance of fish present in the lagoon sampling
locations, including data on the life cycle stage of the captured fish. To the extent possible,
make estimates regarding rate of growth and residence times of steelhead and coho salmon in
the lagoon sampling locations.

2f. Utilize ecological data to evaluate relative efficiency of energy transfer up the food chain in each
lagoon.

2g. Identify biological parameters (i.e., biological indicators) that may display a dose-response to
differences in habitat conditions (i.e., stressors).

2h. Determine if the CLEAP dataset maybe effectively characterized by an Index of Ecological
Integrity (IEI).

Goal 3: Establish monitoring protocols and provide baseline data for future monitoring efforts to
assess pre- and post-restoration conditions and to quantify future restoration success.

Objectives
3a. Document monitoring protocols so that they may be replicated in future study and monitoring
efforts.
3b. Prioritize future monitoring parameters based on ability to indicate changes in lagoon system,
simplicity of data collection analysis, and economic factors.
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Goal 4: Identify restoration and enhancement approaches to preserve and restore the ecological
function of the study lagoons.

Objectives
4a. ldentify restoration and enhancement alternatives for the study lagoons and, to the extent
feasible, for other lagoons that may have similar physical and chemical conditions.
4b. Make recommendations for a cooperative management approach between management and
regulatory agencies.
4c. ldentify future study needs.
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5. Hypotheses and Constraints

The CLEAP data collection design aimed at understanding the complex interactions between the
physical and chemical conditions of California coastal lagoons. Based on our current understanding of
lagoon function, physical and chemical conditions that may have the potential to stress the local biota
were used to develop quantitative stressor metrics. Lending from previous techniques, we identify
biological indicators that have responded to these stressors. Both the stressors and indicators may be
used as future management tools to assess habitat quality of other lagoon systems, as well as monitor
the success of any restoration and enhancement efforts. Below are the primary hypotheses driving

the CLEAP efforts, followed by the major constraints and limitations of the project. We acknowledge
that many other hypotheses and constraints exist and are discussed throughout this report, but those
provided below are the big-picture factors from which most other ideas or issues will stem.

HYPOTHESES

Hypothesis #1. Select biological components of California coastal lagoons vary in response to different
degrees of human-induced stressors. The five lagoons selected for detailed assessment represent a
range of human-induced stressors and thus various stressor conditions and indicator responses should
also represent a range across lagoon conditions.

Hypothesis #2. The primary human-induced stressor influencing the ecology in the majority of Coastal
California lagoon’s is eutrophication.

Hypothesis #3. Summer and early fall are the times when water quality problems that influence lagoon
ecology are most likely to occur, especially during times when circulation is reduced due to sandbar
closure.

Hypothesis #4. Specific components of lagoon morphology, circulation, substrate, and hydrology make a
lagoon system (or specific locations within a lagoon system) more susceptible to eutrophication, and its
associated water quality problems, than others.

Hypothesis #5. Eutrophication results in primary and secondary effects that may affect all local trophic
communities.

LIMITATIONS

Limitation #1. All environmental sampling techniques for physical, chemical and biological parameters
have temporal and spatial limitations. There is inherent variability in hydrology, tides and climate on
both short and long time scales. In addition, each lagoon is physically complex and both horizontal and
vertical differences exist throughout the lagoon, resulting in a patchy biotic distribution. The CLEAP
data collection and analysis efforts took all reasonable steps to ensure the most representative and
consistent sampling of the subject lagoons, given available resources.

Limitation #2. The accuracy of our capability to distinguish between natural and human-induced
variation in the data may be limited within the time scale of this study. Increasing the duration
of monitoring over the long-term will improve the ability to differentiate between natural and
anthropogenic variations.
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Limitation #3. There are no pristine, undisturbed California lagoons without significant non-point
nutrient sources, modified watersheds or modified lagoon morphologies. Neither is there a lagoon still
operating within its natural morphology. A natural baseline index of biological integrity is unobtainable
for phytoplankton, zooplankton, benthic invertebrate and fish communities in Coastal California
lagoons. To compensate for the lack of a pristine endpoint, CLEAP hypotheses and indicator selection
relies heavily on:

1. The extensive existing research on successful biological indicators in other systems,

2. The power of comparative analysis of similar functional systems (in this case lagoons) with
varying degrees of human impacts (Karr and Chu 1999, US EPA 2002), and

3. Two complete seasons of CLEAP high-resolution spatial and temporal sampling in five summer
lagoons with concurrent observations of physical, chemical and biological conditions.
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6. Project Approach

Figure 6.1 presents a flow chart of the CLEAP process from inception to the development of lagoon
enhancement recommendations. At the initiation of the project in 2003, the CLEAP project team created
a matrix to rank Santa Cruz County lagoons from most impacted to least impacted. This matrix facilitated
the selection of five lagoons for a detailed study that collectively would represent a range of ecological
conditions in coastal lagoons in Santa Cruz County.

The relative location of the Santa Cruz County Lagoons is presented in Figure 6.2. CLEAP then utilized
the power of comparative analysis along a human disturbance gradient to improve our understanding of
the physical, chemical and ecological function of Coastal Californialagoon systems.

LAGOON OBSERVATIONS

Detailed data and information collection was utilized to document the complex interactions between
physical, chemical and biological processes and improve our understanding of coastal lagoon function.
The physical and chemical conditions existing in the lagoon and its respective watershed directly
influence the water column conditions within which the resident biota exist. Thus, the biological
communities will vary in response to the relative health and quality of their aquatic habitat. CLEAP
efforts combine both the existing conditions observed within each lagoon over 2 years of intensive
data collection and the statistical analyses of the causal relationships between lagoon stressors and
indicators to document key processes that influence lagoon function. Below a discussion of stressors
and indicators is provided, followed by a discussion of how other researchers evaluating the health and
function of natural systems have used these tools.

STRESSORS AND INDICATORS

The interpretation and analysis of CLEAP 2004 and 2005 data is focused upon identifying statistically
significant relationships between system stressors and indicators of habitat quality and biological
integrity.

The majority of parameters selected for monitoring and evaluation are assumed either to:

1. directly or indirectly influence habitat quality and ecological health (STRESSOR), or
2. have the potential to serve as an biological INDICATOR to evaluate ecosystem health.

The isolation of the causes of ecological impacts (stressors) in Coastal California lagoons will guide
effective enhancement decisions into the future. The best way to understand the biological response to
a particular stressor would be to vary the stressor experimentally in frequency, duration and magnitude.
By isolating and testing one potential stressor at a time, one could evaluate how sensitive the system

is to an isolated parameter that causes biological stress. For example, a person has an allergic skin
reaction. The doctor will vary the magnitude, frequency and duration of exposure to a variety of typical
stressors known to cause skin rashes in order to definitively isolate the patient’s allergy. One means to
evaluate the sensitivity of the biology to various stressors is to develop empirical models and then vary
the stressor and observe the system’s response.

In lieu of modeling, multi-site observations along a gradient of potential stressors can be a powerful
alternative design that still allows the testing of stressors to induce a biological response. The US EPA
(2002) Wetland Assessment Manual suggests a targeted selection of sites along a disturbance gradient
to investigate potential cause and effect relationships. CLEAP has implemented a targeted spatial
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CLEAP Scope of Work defined
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PRIORITY LAGOONS

AUGUST - OCT 2003

Wide array of data and informa-
tion collection from 11 Santa
Cruz County Lagoons (Figure 6.2)
including watershed charac-
teristics, water quality, primary
producer communities, manage-
ment issues, degree of modifica-
tion etc.

OCT 2003 - JAN 2004
Developed Santa Cruz Lagoon
Matrix using key lagoon param-
eters assumed to influence or
indicate lagoon ecologijcal health.
Each metric was assigned a
score (1, 3, 5) and 22 metrics
were summed for Lagoon score.
Lagoons are ranked from most
impacted to least impacted.
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FEB 2004

Santa Cruz Lagoon Matrix refined
by project team and TAC, and
documented in 2003 CLEAP
Technical Report. Five Santa Cruz
County lagoons, representing a
range of habitat conditions, were
selected for 2 years of detailed
monitoring.

* Scott Creek Lagoon * Laguna Creek Lagoon * Soquel Creek Lagoon * San Lorenzo River Lagoon ° Aptos Creek Lagoon

APRIL - OCT 2004
Implemented summer/fall
monthly extensive data collec-
tion in the 5 selected lagoons.

APRIL 2006

Combined CLEAP technical
findings with Santa Cruz County
Lagoon enhancement needs to
prioritize lagoons for enhance-
ment options.

Developed conceptual lagoon
management and enhance-
ment recommendations for
selected lagoons.

NONRTURE
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FEB 2005

Developed interim 2004 CLEAP
Technical Report to review 2004
data, refine and communicate
project objectives, and document
sampling methods and protocols.

APRIL - NOV 2005

Continue extensive summer/fall
monthly data collection in the
selected lagoons.

SEPTEMBER 2006
Released
DRAFT FINAL CLEAP REPORT.

Received, responded to, incorpo-
rated comments.

NOV 2005 - MARCH 2006
Created MS Access Database

of 2004 and 2005 CLEAP data.
Contains nearly 1.25 million data
points.

Documented existing conditions
for 2004, 2005 and utilized
these to develop and test stress-
ors and indicators of lagoon
health.

Held Technical and Management
TAC meetings to communicate
and refine CLEAP approach and
findings.
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Produced FINAL CLEAP REPORT
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monitoring design by the detailed monitoring of five different Santa Cruz County lagoons that were
determined to represent a range of human impacts. The US EPA (2002) directs that habitat conditions
and associated biological responses should be observed during times when potential problems might
occur, thus CLEAP monitoring focused on the summer and fall when water quality conditions in lagoons
are known to be relatively degraded and the lagoons are in a closed condition.

Estuaries are among the most dynamic aquatic environments on Earth, however the scale of natural
variability in these systems is seldom defined or recorded. Using indicators, it is possible to evaluate
the fundamental condition of the environment and its response to stressors without having to capture
the full complexity of the system (Whitfield and Elliot 2002). Environmental indicators not only help
track changes in an ecosystem, they also simplify the state of environmental reporting in two ways.
First, indicators have a well understood meaning and can be measured regularly, yielding valuable
information about important aspects of the environment. Secondly, environmental indicators can
simplify communication of the biological data regarding the health of the environment (Australian and
New Zealand Environment and Conservation Council 2000).

Below we present a detailed literature review, further defining potential stressors and indicators

with respect to California lagoon function. The CLEAP team assumes each stressor and indicator is a
metric, thus defining metric as a quantitative value to express a condition. In addition, the CLEAP team
has documented some of the key processes and associated references in coastal aquatic science
necessary to identify mechanisms that affect water quality, primary productivity, ecological diversity
and community variability in coastal lagoons. The CLEAP efforts identify a list of potential stressors
influencing lagoon function and biological indicators of lagoon health. These initial detailed data
collection efforts can refine future lagoon assessments. The identified stressors and indicators will
facilitate our ability to target specific function components of California coastal lagoon systems that can
be evaluated pre and post enhancement efforts to fulfill quantitative adaptive management goals.

STRESSORS (INDEPENDENT VARIABLES)

System stressors, as we are using them, are the direct or indirect result of human alterations that are
assumed to negatively influence biological integrity. Popular stressors used by rapid biotic assessments
include watershed factors like percent impervious area, watershed population density and percent
developed land in a watershed (Karr and Chu 1999, US EPA 2002). Percent imperviousness and other
regional watershed-wide impacts are typically used for rapid bioassessments to assist managers with
prioritizing locations for future management. These regional stressors represent the collective impact
of human development on the receiving waters and may not necessarily identify specific problems
that managers can utilize for decision-making. For example, percent impervious area represents the
compounded impacts of watershed population density, hydrologic routing changes from impervious
cover, potential increases in pollutant and sediment delivery to the receiving surface waters, and other
anthropogenic changes that ultimately affect the downstream aquatic system. The determination that
increases in percent impervious coverage within the contributing watersheds elicits decline in species
diversity does not provide managers with a specific stressor that can be altered in order to improve
habitat quality. What the managers gain is a knowledge that more urbanized watersheds, as expressed
by percent impervious coverage, are more likely to need additional management attention to achieve
ecological stability.

The extensive physical, chemical and biological dataset generated for CLEAP aims to identify both
regional stressors across watersheds, as well as more site-specific stressors. Utilizing biological
indicators that respond to specific stressors can better focus and guide management of our resources
(Niemi et al. 2004). The most useful stressors will satisfy one or more of the following criteria:
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1. The stressor displays a statistically significant causal relationship with an array of biological or
habitat condition indicators. The power of the indicator is maximized when it can identify primary
causes of ecosystem decline (Niemi et al. 2004).

2. The stressor can be directly measured and monitored to evaluate existing conditions and the
future effectiveness of enhancement efforts designed to alleviate the stressor.

3. Quantifiable proxies of the stressor exist, allowing cost-effective long-term monitoring to
evaluate the persistence of the stressor following enhancement.

4. The stressor may be directly modified during restoration and/or enhancement efforts.

Investigations that can identify the primary stressors causing ecosystem decline will guide future
restoration and enhancement more effectively.

Eutrophication

A stressor assumed to be impacting ecological and water quality health in coastal Santa Cruz County
lagoons is eutrophication. Eutrophication was defined by Nixon (1995) as “an increase in the rate

of supply of organic material to an aquatic ecosystem”. Below we review the causes and effects of
eutrophication, as well as components of aquatic systems that reduce an environment’s susceptibility to
the impacts of eutrophication.

Primary Causes of Eutrophication: Nutrient Enrichment

Nutrient enrichment is one of the most pervasive problems identified in coastal waters and estuaries
as a result of human development (Nixon 1995, Cloern 2001, NRC 2000, to name a few). Urban
development, septic systems, residential fertilizers, animal waste, and agricultural land use are the
primary non-point sources of nutrients to coastal waters, though many others exist. The science of
the primary and secondary effects of nutrient enrichment in coastal waters continues to be developed
and includes a wide array of scientific interactions and processes. The ecological and habitat effects
of nutrient enrichment are complex and can include increased biological productivity, accelerated
biogeochemical cycling, and ecological simplification.

Aquatic systems respond directly to nutrient enrichment with an increase in primary productivity, and
organic matter loading is the result of photosynthesis by primary producers (organisms that utilize
photosynthesis to convert inorganic matter to organic). Eutrophic environments have elevated rates

of primary production due to the fertilization of the waters with nutrients that usually limit the rates

of photosynthesis, primarily nitrogen (N) and phosphorous (P). Lake Tahoe’s renowned clarity is due,

in part, to the historic lack of nitrogen and phosphorous needed by the primary producer community
(Reuter and Miller 2000). One primary cause of the recent clarity decline of Lake Tahoe is the
increased loading of N and P from stream erosion, disruption in natural soil-water interactions, fertilizer
applications, atmospheric deposition, and the exponential increase in other human activities over the
past 40 years.

In addition to N and P, other micronutrients (iron (Fe), silicon (Si), manganese (Mn), zinc (Zn)) are also
required for plant, algal and phytoplankton growth. The relative needs of these micronutrients can vary
by species. Light is another requirement of photosynthesis and primary production rates will be limited
by available light. Thus, deep or turbid waters will have light limitations for algae, phytoplankton,
submerged aquatic vegetation (SAV), or any other photosynthetic flora.
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Photosynthetic rates increase exponentially with increased water temperature (Figure 6.3), explaining
why eutrophication in coastal environments is more of an issue in summer versus winter. Nutrients, light
and temperature directly affect the organic material input rates to an aquatic ecosystem (i.e., magnitude
of eutrophication). These key variables will be referred to regularly throughout this report.

Effects of Eutrophication: Biogeochemical Cycling

EQ1 illustrates the conversion of inorganic nutrients into organic material as a result of photosynthesis.
The conversion of nitrate (NO,), ammonia (NH,*), phosphate (HPO42') and other nutrients to organic
biomass (C, H,.,0,,,N,,P,) results in the decreased concentrations of these compounds in the waters
where light is available. In most productive waters, the limiting nutrient is not detectable by standard
analytical methods, or is at very low concentrations, because as soon as a few molecules are available,
the primary producers utilize it immediately and produce organic matter. The N:P molar ratio’ of coastal
waters can be compared to Redfield’s ratio to determine if the particular system is N or P limited (N:P
(P-limited) > 16 > N:P (N-limited)). Source reduction management approaches to alleviate eutrophication

should focus on controlling the supply of the limiting nutrient to the aquatic system in question.

INORGANIC: 106CO, + 122H,0 + 16NO, (NH,") + 1HPO > +
micronutrients + light

Respiration T ~L Photosynthesis

ORGANIC: (C, H,., 0, /N P)+ 1380,

106" 2637110 "16 1

EQ1. Above is a balanced photosynthesis/respiration chemical reaction for aquatic systems. Photosynthesis is the conversion
of inorganic compounds to organic material. The typical primary producer molar requirement of carbon:nitrogen:phosphorous (C:
N:P) ratio is 106:16:1 (Redfield et al. 1963). Oxygen is produced as a result of photosynthesis. Respiration is the exact opposite
of photosynthesis, where heterotrophic bacteria convert organic matter for energy and consume dissolved oxygen (DO) in the
process.

EQ1 illustrates that photosynthesis produces oxygen, and respiration of organic matter consumes
dissolved oxygen (DO). The production and consumption of oxygen is one of the most well-documented
direct effects of eutrophication. No other environmental variable of such ecological importance to
estuarine and coastal marine ecosystems has changed so drastically and quickly in locations around the
world as DO. Oxygen concentrations can be supersaturated in aquatic areas where primary producers
are active. In locations where (e.g., bottom waters) or at times when (i.e., night time) respiration activity
exceeds photosynthetic oxygen input rates, nutrient concentrations can be elevated and dissolved
oxygen levels will typically be below atmospheric saturation. The decomposition of an increased supply
of organic matter often results “in depletion of dissolved oxygen (hypoxia) in stratified bottom waters

at levels too low to sustain fishes and invertebrates” (Boesch 2002). Anoxia has been denoted as the
cause of widespread water quality and ecological impacts throughout the world (Nixon 1995, Diaz
2001). Many invertebrate and fish species become stressed in low oxygen conditions (< 3 mg/L), making
them more susceptible to diseases and death (Theede 1973, Diaz 2001). Fish, shellfish and benthic
organisms cannot survive in anoxic conditions (DO=0 mg/L) for extended periods of time.

Changes in oxygen concentrations impact the biogeochemistry of other elements in the water column.
For example, extreme daily variations in dissolved oxygen can alter the concentrations and availability
of phosphorous, nitrogen and redox-sensitive' trace metals. Daily variations in DO throughout the
Elkhorn Slough water column during decreased circulation conditions can create similar daily changes
in dissolved Mn, Fe, N and P species concentrations (Beck and Bruland 2000). Figure 6.4 presents
the thermodynamic order of alternative electron sources that bacteria will utilize to continue to respire
organic matter in an anoxic environment. Alterative energy sources for respiration include manganese
oxide (Mn0,), nitrate (NO,), iron oxide (FeO,), and sulfate (8042‘).
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Figure 6.3. Primary Factors Limiting Photosynthesis

Light, nutrients and water temperatures are the primary factors limiting photosynthetic
production. In the presence of a sufficient nutrient supply, photosynthetic production
rates (PS) increase exponentially with increasing light availability and maximum pro-
duction is limited by water temperatures. As water temperatures increase, the maxi-
mum respiration rates (RESP.) also increase. (Figure taken directly from Wetzel 2001.)
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Figure 6.4. Thermodynamic Sequence of Energy for Respiring Bacteria
Heterotrophic bacteria respire organic matter utilizing O, as an energy source.
When the oxygen supply becomes limiting, the respiring bacteria can utilize
alternative energy sources to continue to convert organic matter to inorganic
constituents. Each step down the table results in less energy per mole
produced than when the bacteria consume O,. This table indicates both the
source of energy (i.e., oxygen, nitrate, sulfate) and the associated byproducts
of the respective redox reactions (i.e., water, nitrogen gas and/or ammonia,
hydrogen sulfide). (Figure taken from Beck and Bruland 2000.)
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Nitrogen is the limiting nutrient in most coastal waters and NO, and NH," are both biologically available forms of nitrogen. In the
absence of oxygen, bacteria will use NO, (nitrate) as an energy source to respire organic matter (denitrification). Complete denitrifi-
cation to nitrogen gas (N,(g)) leads to a net loss of nitrogen from the system. The breakdown of organic matter recycles NH,* from
the biomass back into the water column, which can exacerbate eutrophic conditions, especially in anoxic waters. However, in the
presence of oxygen, NH,* will oxidize to NO,, which is then available for denitrification and complete removal from the system.

(Figure modified from Schlesinger 1991.)
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Dramatic seasonal and daily variations of biogeochemical changes have been well documented in
eutrophic coastal environments, including Elkhorn Slough (Beck and Bruland 2000, Caffrey 2004),
Waquiot Bay on the Massachusetts coast (D’Avanzo and Kremer 1994), Chesapeake Bay (Boyton et al.
1996, Malone et al. 1996), South San Francisco Bay (Cloern 1996, Beck et al. 2002), and N.E. Greece
Lagoons (Sylaios and Theocharis 2002) to name a few. Low dissolved oxygen and elevated ammonia
(NH,") and hydrogen sulfide (HS’) concentrations have been documented to create toxic conditions and
can result in episodic Kills of resident organisms (Theede 1973, Officer et al. 1984, Seliger et al. 1985,
Bagarinao and Lantin-Olaguer 1999, Luther et al. 2004).

Nitrogen cycling

From a biogeochemical perspective, the cycling of nitrogen in eutrophic environments can be very
important. In many instances, primary production in coastal environments is limited by the supply of
nitrogen. Figure 6.5 presents the complexity of the nitrogen cycle. Nitrate (NO,) is the preferred form

of N for primary producers, but ammonia (NH,") is also biologically available. Photosynthesis results

in the uptake of inorganic nitrate (NO,) or ammonia (NH,*) and its conversion into organic matter. The
respiration of organic matter (EQ1 and Figure 6.5) recycles inorganic ammonia (NH,*) and releases it into
the water column. In the presence of oxygen, NH,* will be oxidized to NO, . The reduction of NO, to inert
nitrogen gas (NQ(g)) is termed denitrification. Denitrification can be important in N-limited environments
because it results in a net loss of nitrogen from the system, which could directly reduce photosynthetic
production in N-limited systems. However, the recycling of N (lack of denitrification and increases in
ammonia concentrations) in an N-limited system can exacerbate eutrophic conditions due to increased
biogeochemical cycling and availability of N for primary production. In addition, elevated levels of NH,*
(i.e., mM concentrations or > 14 mg/L) are known to be toxic to certain fish species (Bagarinao and
Lantin-Olaguer 1999).

Sulfur cycling

When other sources of energy for respiration are depleted, sulfate (SO,?) will be reduced (when
available), resulting in the production and release of hydrogen sulfide (H,S or HS) into the water column
and pore waters (Figure 6.4). Sulfide toxicity has been observed in some fish species at micromolar
concentrations (> 30 ug/L) (Bagarinao and Lantin-Olgauer 1999). Hydrogen sulfide present in the water
can be extremely toxic to fish because it blocks oxygen transfer to the blood by binding to the ferrous
component of hemoglobin (Theede 1973, Smith et al. 1977). Fish kills observed in coastal environments
have been attributed to elevated levels of H,S in the water column. Luther et al. (2004) suspect that

H,S may have a greater role in coastal fish kills than has been documented by researchers investigating
causal factors. One of the limitations to monitoring H,S levels in natural systems is that in-situ analytical
methods were not well developed until recently and can be time-consuming, complex and expensive.
Currently, the most cost-effective and sensitive in-field method to detect the presence of H_S is the smell
of “rotten-eggs”.

“Filters” to Alleviate Eutrophication

The human induced changes to aquatic systems are a reality. We cannot avoid flood control needs

or completely eliminate the inevitable nutrient enrichment of urban storm water within developed
watersheds. Many researchers who study the impacts of nutrient enrichment on aquatic system function
have identified site-specific differences that have made one estuary, lake, wetland or lagoon more
vulnerable to eutrophication than others. There are inherent physical and biological attributes of aquatic
systems that can act in concert either to increase or decrease the susceptibility of a system to nutrient
enrichment (Cloern 2001). The specific conditions that may reduce the impacts of nutrient enrichment
have been termed “filters” by Cloern (2001). Identification of these filters will greatly improve our
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strategic power to manage these coastal systems (Cloern 2001, Boesch 2002, Lundberg 2005). Beyond
a community-wide commitment to long-term source control through best management practices, the
key to successful future lagoon enhancement may be to find solutions that enhance those mechanisms
or “filters” that reduce the susceptibility of coastal lagoons to eutrophication. Other researchers have
shown that this susceptibility to nutrient enrichment can be reduced by altering circulation, nutrient
uptake pathways, biological community assemblages, and physical morphology (Cloern 2001, Boesch
2002).

The CLEAP approach is focused on identifying the “filters” that make some lagoon systems less
susceptible to nutrient enrichment than others. The effects of nutrient enrichment resonate far beyond
the direct increase in organic input rates and can dramatically impact water quality, alter the community
structure of all resident organisms, and ultimately degrade habitat quality and ecological health.

Water circulation

One key filter is circulation, which facilitates water mixing and exchange. Even subtle circulation in the
form of water exchange can limit primary production rates and thus make a system less susceptible to
the effects of elevated nutrient concentrations. For example,

e Circulation can reduce water temperatures.

e Circulation can bring oxygenated water to locations of high organic matter production.

e Circulation can dilute available nutrient pools.

e Circulation can reduce light availability.

e Circulation can increase denitrification rates, which is a direct net reduction in the available pool
of N (the limiting nutrient in most coastal aquatic systems).

e Circulation can reduce the magnitude and stability of water column stratification.

The impact of circulation on primary production has been well documented by many researchers.
Monbet (1992) found a strong correlation between the degree of circulation of any location in an estuary
and the standing chlorophyll concentrations (a proxy for organic matter in the water column) for any
given nitrate concentration. Separating locations or estuaries into microtidal (low circulation; < 2m

tidal variation) and macrotidal (moderate circulation; > 2m tidal variation), Monbet (1992) found nearly
2 times more primary production in the microtidal estuaries when dissolved inorganic nitrogen (DIN)"
concentrations, the limiting nutrient, were the same (Figure 6.6).

Circulation has been deemed the primary cause of the extreme eutrophication differences observed
between Chesapeake Bay and San Francisco Bay. While both estuaries have essentially the same
annual N and P loading and standing concentrations, Chesapeake Bay does not experience the same
magnitude or frequency of tidal flushing and freshwater inflows compared to San Francisco Bay (Figure
6.7). Cloern (2001) attributes the lower primary production (measured as chlorophyll a in Figure 6.7) in
San Francisco Bay to reduced surface water temperatures and reduced light availability from turbid well-
mixed waters. In contrast, Chesapeake Bay is highly eutrophic and possesses a number of associated
water quality and ecological effects of eutrophication, including elevated chlorophyll levels and bottom
water anoxia (Cloern 1996, 2001).

In poorly circulating waters, vertical salinity and/or temperature differences can result in stratification.
A stratified water column results in isolation of the surface and bottom waters. A significant difference
in the surface and bottom water temperatures and/or salinity values can act as a chemical barrier in
the water column, periodically preventing chemical exchange across the vertical gradient. The relative
stability and persistence of the stratification can depend on many factors, including the relative
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Figure 6.7. Comparison of Water Quality in Chesapeake and San Francisco Bays
Seasonal changes in water quality constituents of the Chesapeake Bay and northern San Francisco Bay for the year 1997. Upper panels
show monthly measurements of dissolved inorganic N (DIN) and P (DIP) in surface waters; bottom panels show near-surface chlorophyll

a concentration and dissolved oxygen (DO) concentration in bottom waters. Notice similar DIN and DIP concentrations, but very different
primary production and DO conditions. The elevated primary production in Chesapeake Bay is attributed to the relatively calmer waters of
this system, making it more susceptible to eutrophication. Data are from the Chesapeake Bay Program Monitoring station 3.3C (http://mddnr.
chesapeakebay.net/eyesonthebay/index.cfm) and the US Geological Survey Station 9 in northern San Francisco Bay (http://sfbay.wr.usgs.

gov/access/wqdata). (Figure taken directly from Cloern 2001.)
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magnitude difference of the thermal or saline conditions, water circulation or climatic factors. One

of the largest concerns with stratified aquatic systems is that the oxygen reservoir produced in the
surface waters by photosynthesis and through exchange with the atmosphere may not be available to
the respiring bacteria at the sediment-water interface. This can result in critical bottom water quality
conditions, including low dissolved oxygen, elevated ammonia levels, and elevated hydrogen sulfide
levels. Stratification can stress bottom water quality in systems that may not have excessive primary
production rates. In highly eutrophic systems, stratification will further exacerbate bottom water quality
degradation, but stratification is not necessary for respiration to exceed the available supply of oxygen
where a large amount of primary production occurs.

Circulation can also increase denitrification rates in eutrophic systems. Denitrification (Figure 6.5)
occurs when respiration rates by bacteria exceed the available supply of oxygen and the bacteria

utilize nitrate as an alternative energy source. Ammonia released from respiration must be oxidized to
nitrate for denitrification to occur. Thus water exchange and the introduction of oxygen to locations of
respiration will reduce ammonia recycling rates by biota and result in N concentration reductions. From
a management perspective, enhancing physical and chemical mechanisms that promote the removal of
the limiting nutrient is a desirable outcome.

A local example of the effects of circulation on denitrification capacity is a study conducted by Caffrey
et al. (2003) in Elkhorn Slough. The researchers compared the denitrification rates at well-mixed tidally-
influenced locations to those observed at hydrologically constricted sites within the Slough. They found
that the better circulating locations where there was an intermittent supply of oxygen to the surface
sediments displayed 25% greater denitrification rates than those locations where circulation was

poor and water residence times were relatively longer. Caffrey et al. (2003) applied the well-known
biogeochemical principals to a natural environment, documenting that the delivery of O, (as supplied by
water exchange) to locations of elevated NH," will oxidize ammonia to NO, and facilitate the completion
of the denitrification cycle (Figure 6.5). Again, denitrification can be considered a positive feedback
where the available supply of DIN is reduced as N, gas is lost from the system.

Poor circulation has been blamed for the recurring fish kills in dead-end canals located in the Delaware
Inland Bays (Luther et al. 2004). The regional nutrient enrichment effects were exacerbated in narrow
deep channels where water residence times were extended, stratification persisted and surface water
temperatures became elevated. Calm summer conditions were associated with the development of
bottom water anoxia and elevated H,S concentrations in these constricted locations. Summer storm
events mixed the water column, suspending toxic levels of H,S and causing fish and invertebrate die-
offs. Control sites within Delaware Bay had relatively open water, shallower morphology and, thus, lower
hydraulic residence times and less dramatic stratification. These sites did not experience the same
magnitude of H,S concentration buildup and the associated conditions compromising the health of the
local biota during mixing events (Luther et al. 2004).

Physical morphology

Physical morphology has been dramatically altered at the land-sea interface throughout the world to
expand the surface area of coastal development, agricultural activities and other anthropogenic land
use needs. California has lost an estimated 91% of its original wetland surface area (Dahl 1990).
Physical morphology is a key component to differences in localized water circulation and horizontal
mixing. The morphology of aquatic systems is a physical component that can be altered by restoration
and enhancement actions in coastal bays, wetlands, estuaries, and lagoons.
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The direct cause of eutrophication and associated water quality problems is an excess of biologically
available nutrients. The susceptibility of an aquatic system to eutrophication can be highly dependent
upon the frequency of water circulation, exchange and mixing, which, in turn, can be dependent

on the morphology of the system. Many site-specific examples with observed high susceptibility to
eutrophication possess reduced water exchange characteristics relative to other locations within the
same system. The morphological characteristics differed from the rest of the system, but these sites
are subject to the same upstream land use conditions and incoming water chemistry as other locations
(Beck and Bruland 2000, Cloern 2001, Caffrey et al. 2003, Luther et al. 2004).

Sutula et al. (2005) conducted an investigation in Malibu Lagoon to compare the importance of
sediment remobilization and exchange of nutrients with surface waters relative to the loading of other
non-point nutrient sources to the lagoon. They estimated 18% of the annual nitrogen load (limiting
nutrient) was from biogeochemical recycling at the sediment-water interface, and recycling rates were
higher where organic detritus accumulation was greater. Sediment analyses supported the linear
dependence of the concentration of total nitrogen (TN) with decreasing grain sizes of the lagoon
substrate (Figure 6.8). In locations where coarser material was the predominant substrate, the relative
supply of biologically available N (from respiration and partial denitrification) during the summer
growing months was much less. The locations where the substrate was dominated by organic detritus
were where shear bed velocities and sediment scour were muted during storm flow events through the
lagoon. Again, significant differences in the magnitude of eutrophication were observed at separate
stations within the same system (in this case, lagoon). These biogeochemical differences can be
attributed to differences in morphology that result in hydraulic variations.

Freshwater inflow

When considering the life cycle of anadromous fish populations, the availability of instream flows
during the dry months of the year can be a critical component of their survival. Fish seeking refuge
from inclement waters in the lagoon will need to migrate upstream when the sandbar is closed and
insufficient instream flow can prevent migration and/or limit lagoon habitat and water volumes. Below
we provide existing knowledge and additional questions that are addressed using the CLEAP dataset to
improve our understanding of the role of freshwater on lagoon function:

* The freshwater inflow into a closed summer lagoon will likely transport relatively cooler water to
the lagoon and provide some water circulation at the lagoon/stream interface.

¢ Freshwater inflow is necessary to convert a brackish lagoon to freshwater.

¢ Can a uniform freshwater column of a coastal lagoon be considered a “filter” to reduce the
susceptibility of the system to eutrophication?

* Freshwater inflow volumes may not be the only factor influencing conversion to a freshwater
column. We suspect site-specific morphology, lagoon bed elevation, proximity to ocean,
location exposure, or other factors also influence the persistence of saline waters, and thus
stratification, within a lagoon.

¢ Does the conversion of a lagoon water column to freshwater alleviate all inclement water quality
problems associated with eutrophication in coastal lagoons?

All of the CLEAP streams have had historic and existing streamflow extractions that reduce the
streamflow discharge into the summer much below natural levels. However, residential, commercial and
agricultural water supply needs are a reality of an urbanized society. The natural resource management
challenge is to identify enhancement options that enhance and maintain ecological integrity in the
context of inevitable human stressors.
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Toxicity Effects

In industrial and heavy agricultural locations, chronic or acute exposure to toxic chemicals can have
significant impacts on species survival and subsequent ecological structure. It remains undetermined if
sources of mercury, pesticides, herbicides or other organic chemicals could be a secondary impact on
the biology of the selected CLEAP Santa Cruz lagoons. The potential for toxicity effects on lagoon ecology
should be evaluated and considered on a lagoon by lagoon basis depending upon watershed land use
and potential sources of toxic compounds. Review of current water quality studies that included analysis
of toxicity provided the following information.

* Elevated DDT and chlorodane levels were recently observed in mussels planted at the mouth of
Laguna Creek and at “The Hook” (a surf spot at the end of 41st Ave in Capitola) (CClean
2005), suggesting that local sources of organic pollutants still exist.

¢ The north county lagoons, Laguna and Scott, both have agricultural sites in close proximity
to their respective creek and lagoon. Other than potential contaminants associated with
agricultural activities, there are no documented current point sources of trace metals or organic
pollutants in the primary CLEAP lagoons.

e The Salz Tannery had historically released elevated levels of toxic Cr (chromium VI) directly
into the surface waters of San Lorenzo River (Abu-Saba 1998), another potentially toxic trace
metal that can cause ecosystem simplification. The Salz tannery has been out of operation since
2001.

* Trace metals and organics persist predominately adhered to sediments, and the dramatic
amount of annual sediment mobilization and reorganization in the flood-controlled Santa
Cruz county lagoons makes long-term persistence of these chemicals at toxic levels today
questionable.

e Urban areas are known to accumulate elevated levels of trace metals ((copper (Cu), zinc (Zn),
lead (Pb), mercury (Hg)) in stormwater that can be toxic to aquatic organisms (Nichols et al.
1986).

e Both non-point and point sources of toxic trace metals and organics to the local lagoons have
been significantly reduced over the last few decades.

e The California Department of Fish and Game (DFG) and Central Coast Regional Water Quality
Control Board (RWQCB) conducted a bioassessment on 14 California coastal lagoons from
Waddell Creek in Santa Cruz County to Carpinteria Creek in Santa Barbara County (CA DFG
2001). The goal of the assessment was to define benthic invertebrate metrics along a sediment
contamination gradient in the freshwater locations just upstream of the associated lagoons.
The data did not support a strong group relationship between sediment organic and trace metal
contamination and biological endpoints. Some of the lagoons included in the DFG study have
much greater potential for sediment contamination than the CLEAP lagoons, based on existing
and historic upstream land use practices. The DFG researchers suggest the disconnect between
pollutants and biotic integrity could be a product of other overriding stressors or physical/
habitat differences between sites and recommended quantifying and testing other stressors,
such as various land use practices or water flow augmentation with the biological metric values.
The CLEAP team suggests the other significant stressors influencing California lagoons are
associated with eutrophication.
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Figure 6.9. Continuum of Human Influence on Biological Condition
At one extreme of habitat quality, conditions are so severe nothing is living.
At the other extreme, nature is free of human impacts and the community
structure and species composition is “natural”. As the magnitude, frequen-
cy and/or duration of stressors on the ecosystem vary, different organisms
will be more adapt to the specific environmental conditions. Changes in
the biological assemblage can either progress along a gradient, showing a
consistent change with variations in the associated stressors (top), or there
is a threshold condition that, once crossed, will dramatically alter the biotic
integrity of the system (bottom). (Figure from Karr and Chu 1999.)
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Figure 6.8. Sediment Grain Size and Nutrient Content
Sutula et al. (2005) illustrate the decreasing content of organic carbon, nitro-
gen and phosphorous as grain size increases from clay to silt to sand in the
sediments of Malibu Lagoon, CA. Nutrient and carbon content in sediments
consistently increase with decreasing grain sizes in most aquatic environ-
ments due to the larger surface area of smaller particles.
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CLEAP STRESSORS

The existing physical and chemical data collected from CLEAP lagoons has been used to create metrics
(quantified values and/or proxies) for a wide array of potential stressors impacting or limiting ecological
health. These stressor metrics range in type from watershed land use, lagoon morphology, hydrology,
circulation, and climate to the nutrient, physical and chemical conditions of the lagoon water column.

A full list and discussion of CLEAP stressors is presented in Section 10. The stressors can be used to
identify primary components of lagoon systems that may limit habitat quality.

WHAT IS A BIOLOGICAL INDICATOR OF ECOLOGICAL HEALTH?

The simplification of native ecological communities is well documented as a secondary effect of
eutrophication and can be attributed to the competitive advantage of tolerant organisms possessing
physiological mechanisms to survive in stressed conditions. CLEAP data collection has assumed

that the spatial and temporal occurrence of eutrophication (and its associated effects) in Santa Cruz
County lagoons will be marked by concurrent modifications to phytoplankton, zooplankton, benthic and
fisheries communities. Because of the direct connection between stressors and ecosystem changes,
biological measurements make ideal indicators of ecosystem health.

In the last decade, there has been an emergence of management tools that rely on biological indicators
to aid in the assessment of ecosystem health. The development of indices that incorporate biological
measurements to complete habitat assessments has been widely accepted by government resource
agencies (US EPA, NRC, DFG, etc). Over the past decade, environmental monitoring has shifted from a
narrow focus on chemical conditions to also include biological/ecological measures. These biological/
ecological measures are components of the system that vary in predictable ways depending on habitat
quality. The premise of the selection and monitoring of biological indicators is that “the most effective
measure of the integrity of a water body is the status of its living systems” (Karr and Chu 1999). The
general approach of utilizing biological attributes from a variety of trophic levels to indicate ecological
health has been applied to hundreds of natural environments throughout the world by different
researchers (Table 6.1). An academic journal entitled Ecological Indicators was established in 2001

in response to the need to integrate the monitoring and assessment of ecological and environmental
indicators with management practices (see http://www.environmental-expert.com/magazine/elsevier/
ecolind/). According to many, the future of assessing environmental quality and the relative success of
enhancement efforts lies in development and implementation of biological indices.

Throughout the CLEAP process we refer to ‘ecological health’. Karr and Chu (1999) suggest that good
ecological health implies a sustainable network of biota that is balanced and integrated. A sustainable
ecosystem has established dynamic equilibrium and, while short-term variations may exist, all levels
of the trophic structure are balanced and can recover from any reasonable disturbances. When the
disturbances make an environment intolerable for sensitive species, ecosystem simplification occurs
and native species (usually those intolerant to stress) are removed from the food web. Figure 6.9 is
taken directly from Karr and Chu (1999) to illustrate the idea of a disturbance gradient or threshold,
where some level of impacts to an aquatic system can be tolerated by the biota because the ecological
system is resilient and healthy. However, at some point the stressors overwhelm biological equilibrium
and a change in community structure occurs. At the extreme end of disturbance, nothing is living,
while in the intermediate, exotic opportunistic species may replace the natives. This impacts nutrient
and energy dynamics, alters food transfer between trophic levels and fragments populations. These
biological changes associated with a range of disturbances are measurable and can be used as
indicators to monitor ecosystem health.
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Table 6.1. Examples of the array of natural environments and taxa utilized as successful biological
indicators of ecosystem health. This is not meant to be an exhaustive list, but rather provide quality
research examples of the multitude of biological groups used to indicate the health of a variety of
aquatic environments.

Resource type and location | Trophic level Reference
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Estuaries

Chesapeake Bay

Benthic invertebrates

Weisberg et al. 1993

San Francisco Bay

Phytoplankton

Cloern 2001

South Africa

Fish

Harrison & Whitfield
2004

Spain Benthic invertebrates Borja et al. 2000
Lagoons
Primary producers,
Italy Benthic invertebrates Fano et al. 2003
Southern France Macro-algae Mouillot et al. 2005a
Fish, Benthic

Southern France

invertebrates, Macro-algae

Mouillot et al. 2005b

France Macro-algae Bachelet et al. 2000
Lakes
) Burgi & Stadelmann
Switzerland Phytoplankton 2002
Denmark Fish, SAV, Chlorophyll a Sondergaard et al.

2005

Fresh water streams

Southern California

Benthic invertebrates

Ode et al. 2005

Mid-Atlantic

Macro-invertebrates

Klemm et al. 2003

New South Wales, Australia

Fish

Harris & Silveira 1999

Tennessee Valley

Benthic invertebrates, Fish

Kerans & Karr 1994

Many ecologists draw a parallel between biological monitoring to protect water resources and tracking
personal health or national economies. Measuring personal health or the economy is nebulous, so we
use indicators to assess condition, such as body temperature, blood pressure, lung capacity, inflation
rates, consumer price index, and unemployment rates. The doctor or economist does not rely on only
one of these indices to assess human or economic health, but rather multiple measures to give a
more accurate diagnosis. The same is true for ecological health. A number of independent, sensitive
indicators should be used in concert to assess and track biological integrity and ecosystem health.

BIOLOGICAL INDICATORS (DEPENDENT VARIABLES)

The most valuable indicators illustrate the link between the observed biological response and the cause
of change.

Using the power of multi-site observations across a disturbance gradient, biological measurements can
be compared from different site conditions in order to identify successful biological indicators of lagoon
health. Successful biological attributes that provide reliable and predictable signals about resource
conditions are desired. The selection of an indicator begins with an understanding of the natural history,
ecological principles and the potential effects of the primary stressors on the system in question.

The indicator must then be tested to evaluate if it responds systematically to a range of the assumed
stressors. A successful biological indicator will display a quantitative change across a range or gradient
to one or more stressors. Ideal biological indicators should:

e produce specific and predictable responses to changes in habitat quality,
* Dbe sensitive to a gradient of physical, chemical and/or biological factors , and
* be relatively easy to measure and interpret.
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To properly evaluate and monitor ecosystem health a number of successful indicators should be

used collectively. The collection and assimilation of a number of indicators from one type of natural
environment is termed a multi-metric index. An Index of Biological Integrity (IBl) is the most well known
multi-metric biological index, though many variations of biological indices have been developed. The
CLEAP efforts identify potentially successful stressors and indicators of lagoon systems, but do not
integrate the values of each indicator to develop a multi-metric biological index for the CLEAP lagoons.
The CLEAP findings will be useful for a future IBI of coastal lagoons.

The collection of indicators used to assess a specific environment should represent an assemblage of
key biological processes, trophic level interactions and habitat quality. Many researchers have identified
biological attributes from a variety of taxa that successfully characterize ecological condition. Below

we provide general biological indicators that other researchers have used to indicate ecological health
along a disturbance gradient for a variety of taxa (Karr and Chu 1999, Fano et al. 2003, Ode et al. 2005,
Weisberg et al. 1993, and all referenced in Table 6.1):

e measures of biodiversity including species richness and taxonomic composition,
¢ relative abundance of tolerant or intolerant (sensitive) species,

¢ biomass variations,

e abundance and/or productivity of functional groups,

* feeding relationships among trophic levels, and

e abundance and/or productivity of “key” species.

Many groups of organisms have been proposed and used as indicators of environmental and ecological
change (Table 6.1). Although no single group is favored by all biologists, it appears that fish, macro-
invertebrates, and primary producers have received the most attention in aquatic systems. CLEAP tested
the possibility of various biological indicators from phytoplankton, zooplankton, benthic invertebrates
and fish to indicate California coastal lagoon health.

The stressors have been selected with the hypothesis that each stressor value across CLEAP lagoons
will represent a range of values. When relying upon the response of biological indicators to system
stressors, the focus of monitoring is to detect changes in the indicator values that are the result of
varying intensities of the specific stressor. A significant limitation in our reliance on successful biological
indicators is in the difficulty in resolving variation due to natural variability and those due to human
impacts. Long-term datasets will allow us to distinguish effects of anthropogenic influences versus
natural climatic and physical variations, but in a relatively short-term study like CLEAP, some uncertainty
will persist due to the complexity of nature.

POTENTIAL BIOLOGICAL INDICATORS FOR CLEAP

Below we provide a review of biological indicators and community characteristics that the CLEAP team
(including consultants, clients and TAC) believes are applicable to aquatic habitat quality of Central
California lagoons. In general, the biological indicators explored for CLEAP focus upon species diversity,
species richness, dominance of tolerant or intolerant species, and percent community composition of
key feeding groups within each of the four primary biological groups investigated: primary producers,
zooplankton, benthic invertebrates, and fish.

Primary Producers

A primary producer is any organism that utilizes photosynthesis to convert chemical energy to organic
biomass. All primary producers have minimum requirements for growth, namely water, light and
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nutrients. Thus, variations in the physical and chemical conditions within a lagoon will select for
different distributions of the primary producers that compose the base of the food chain. The primary
producer community assemblage can have a profound effect on the water quality and habitat conditions
in aquatic environments, which will affect higher trophic levels. Many researchers have shown the
community assemblage of primary producers in coastal environments is an indication of the habitat
quality and resource availability (Duarte 1995, Cloern 2001, Lundberg 2005).

Supported by previous observations and studies throughout the world, Duarte (1995) presents the
theory that the dominant primary producers in an aquatic system respond to increased nutrient loading
through a shift from slow-growing sea grasses to large macro-algae to fast-growing macro-algae to
phytoplankton domination. This shift in vegetation along the available nutrient gradient is due to the
ability of each class of primary producers to compete for the potentially limiting resources (light and
nutrients"). SAV species are rooted in the sediments and can obtain a significant portion of their nutrient
requirements from the sediments themselves, as well as through efficient internal nutrient cycling. SAV
species, such as slow-growing grasses, have lower nutrient requirements (per dry weight of biomass)
than rapid-growing algae or phytoplankton; thus in shallow clear waters with low nutrient concentrations,
SAV species will thrive and dominate the primary producer community (Duarte 1995). From a
management perspective in a coastal system, SAV is a preferred dominant species because the flora is
relatively long-lived and generates much less organic detritus for the respiring bacteria community than
fast-growing macro-algae and phytoplankton. SAV also offers habitat for fish and invertebrates, including
refuge and spawning habitat. Scientists have observed coincidental changes in the coastal ecosystem
fauna as a result of SAV loss driven by eutrophication (Dexter 1985). When the rapid blooms of macro-
algae and phytoplankton occur in the surface waters, light availability to the SAV species rooted to the
substrate is reduced. Nutrient-enriched systems dominated by free-floating algae and/or phytoplankton
will inhibit the light availability for SAV communities, thereby further selecting for the dominance of

the surface-floating species. The increased frequency of blooms by algae and phytoplankton during
eutrophication are associated with high respiration rates (as bacteria metabolize the organic material
associated with the dead algae and phytoplankton that sink to the sediment) and reduced dissolved
oxygen levels in the bottom waters of aquatic systems.

“As a combined result, nutrient and carbon recycling is much faster in systems dominated by
phytoplankton and ephemeral macroalgae than in those systems dominated by SAV and slow-
growing macroalgae” (Duarte 1995).

Preliminary observations of Santa Cruz lagoons in 2003 showed a range of primary producer
communities across the County. Many of the urban and more impacted systems appeared to be
dominated by ephemeral macro-algae and phytoplankton. In contrast, the systems that were assumed to
be less impacted by human development had more SAV.

Phytoplankton

Detailed phytoplankton community assessments were included in CLEAP due to the very short life

cycle of these organisms (order of days) and the potential for these communities to respond quickly

to changes in habitat quality. We suspect that community composition, relative distribution of
phytoplankton species, and phytoplankton biomass all have potential to indicate the health of the
lagoon’s food chain base. All species of phytoplankton have optimal growth conditions, requiring certain
salinity conditions, temperature range, nutrient regime, light levels, pH, and system stability. Other
organisms are able to gain access to this energy by consuming the phytoplankton and assimilating the
nutrients. The organisms of higher trophic levels then excrete nutrients into the water, which are used
by phytoplankton or microbes. Ultimately the phytoplankton form the base of the trophic pyramid, and it
would appear that they have some control on the relative abundance of all other organisms.
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A stable phytoplankton community will be relatively diverse and should consist of at least 15-20
species (D. Hunter pers comm). We also suspect a more stable lagoon will have a greater diversity

of phytoplankton groups present. There is no assertion that more species suggests greater stability,
but a simplified community structure dominated by a small number of species indicates dominance

by opportunistic organisms, potentially limiting the energy transfer potential to higher organisms.
Preliminary observations in CLEAP lagoons suggests the phytoplankton community assemblage in
coastal lagoons represents a wide array of species distribution, density and cell sizes. These variations
can be captured by the creation and testing of a variety of metrics to express the relative differences in
the phytoplankton communities observed across the CLEAP lagoons.

There are two primary limitations associated with utilizing phytoplankton as biological indicators. First is
the potential variation of these communities within each lagoon. The quick response of phytoplankton
to available resources, coupled with their relatively short life cycle, can make these communities

fairly transient across a particular lagoon. The phytoplankton sampling strategy of a lagoon composite
from 5 distinct stations was implemented to capture some of the lagoon variability. In addition, top
down grazing pressures on phytoplankton communities are continuous. The presence of desirable
phytoplankton species are likely reduced by consumption preferentially over less desirable species.
These top down pressures likely influence the species composition represented by sampling. Early
morning phytoplankton sampling, prior to maximum feeding times by zooplankton, may have reduced
the grazing effects on the samples.

Zooplankton

Zooplankton, a primary consumer, is an essential link between algal populations, which use light

and nutrients, to larger organisms (e.g., salmonids and invertebrates), which feed on zooplankton.
Zooplankton populations are essentially controlled by three factors: temperature, food availability and
predation (Downing 1984). As a primary consumer, zooplankton is near the base of the food chain
and has a relatively short life cycle, with organisms living on the order of weeks. The short life cycle
of zooplankton makes them a potentially effective biological indicator of any shifts in their immediate
environment (e.g., increases in nutrient loading, management fish additions or removals, water
chemistry fluctuations, or hydrologic changes).

The zooplankton community link to both primary producers and organisms higher in the food chain make
it difficult, without careful examination, to extract a complete picture of which dynamics are driving

the influence on one another. Researchers have designed experiments to demonstrate how population
controls are exerted on zooplankton communities from either trophic pressure above (i.e., predation) or
below (i.e., food supply). In recent years, zooplankton studies have shifted from characterizing species
and populations in individual systems to describing whole system functionality of zooplankton with
respect to phytoplankton and fish (Jonasson et al. 1974, Andersen and Jacobsen 1979, Riemann and
Sondergaard 1986). This new approach is primarily driven by ascertaining zooplankton production.
Zooplankton characteristics can be compared to components of phytoplankton or fish and used as
biological indicators to evaluate the stability of the interactions between trophic levels as a measure of
ecological health.

Some of the disadvantages of using zooplankton as a biological indicator include, but are not limited to,
the labor involved with sample collection, the skill required by a taxonomist performing enumerations
under a microscope, the discrete nature of the collection making it difficult to capture samples
representative of the entire lagoon, and the preferential time of day for collection eliminating some diel
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horizontal migrating organisms. Lastly, the nature of the zooplankton organism, being linked to both
primary producers and organisms higher in the food chain, makes it difficult to ascertain which dynamic
is the driving influence. Because of the complexity of factors influencing zooplankton communities and
the difficulty in taxonomic identification, biological assessments developed for management outside

of academic research are rare. While these challenges exist, CLEAP efforts will evaluate zooplankton
biological patterns within the lagoon system and assess the applicability of employing zooplankton
indicators for future evaluations of lagoon health.

CLEAP data collection has allowed an investigation of both the community assemblage and dynamics
of secondary production (i.e., zooplankton) in Santa Cruz lagoons, in addition to evaluations of direct
or indirect impacts from neighboring trophic groups through several potential zooplankton community
indicators. Potential zooplankton community indicators that will be investigated in Santa Cruz lagoons
include zooplankton community and species relative size distribution, and dominance and/or %
contribution of key species, such as rotifers or cladocerans. Other potential zooplankton metrics
include the relationship between phytoplankton and zooplankton biomass and between zooplankton
and planktivorous fish communities. These comparisons may allow evaluations of the relative energy
transfer efficiency from one trophic structure to the next.

Benthic Invertebrates

Many biological indicator studies utilize soft-bottom communities because macro-benthic animals

are relatively sedentary and cannot avoid deteriorating water/sediment quality conditions. Benthic
invertebrates have relatively longer life spans than phytoplankton and zooplankton and thus will
integrate water/sediment quality conditions over time. These communities consist of different
species that exhibit varying tolerances to stress and have an important role in cycling nutrients and
materials between the underlying sediments and the overlying water column. Some species of benthic
invertebrates are prime fish food, especially for resident lagoon salmonids, and therefore community
composition can be used to evaluate the relative food availability for fish.

The collection and identification of benthic invertebrates is also popular in stream assessments,
because they are relatively easy to collect and species identification is not as specialized as
phytoplankton, zooplankton or macro-algae identification. Fortunately, a wide array of existing biological
indicators have utilized benthic invertebrates to develop biological metrics in fresh water streams in
California, including Ode et al. (2005) and the Coastal Lagoons Biomonitoring Project (CA DFG 2001)".
The limitation is that none of the previous benthic metrics established in California systems have

been completed in the saline portions of the lagoons. Specific species compositions within the lagoon
environment are different than the communities reported in existing freshwater California IBls. However,
the basic metric components are similar and benthic indicators hold a lot of promise for future lagoon
monitoring.

Fish

Fish can be useful biological indicators because they provide an integrated view of the local
environmental and trophic conditions. In the case of the lagoon environment, fish are the primary
species of regulatory concern, thus finding a means to combine fish community monitoring with the
use of the data as an ecological indicator of lagoon health will be cost-effective. Fish have been lauded
as indicator organisms for biological monitoring for numerous reasons (Karr 1981b), including the
following:

e Fish are typically present in all but the most polluted [lagoons].
e Fish are relatively easy to identify and can be sorted, processed, and then returned to the water.
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e Life history information is well understood for many species.

¢ Fish communities may contain a range of trophic levels (omnivores, herbivores, insectivores,
planktivores, piscivores) and thus will respond to various perturbations in the environment, both
terrestrial and aquatic.

* Because fish are relatively long-lived, comparisons across years can help pinpoint periods of
unusual stress.

¢ The public may be more interested and familiar with fish community data than zooplankton or
vegetation communities.

Karr (1981b) and Hocutt (1981) mention significant disadvantages of using fish as biological indicators,
including;:

* Many fish species are highly mobile and may make daily or seasonal migrations, which may
result in sampling bias.

e Fish have complicated behaviors that may place them in suboptimal environments. For example,
a predator might forage temporarily in water that would be unsuitable for its long-term survival.
Physiological limits to environmental parameters may not necessarily be behavioral limits (Dixon
1977).

e Sampling gear is intrinsically selective and is not 100% efficient.

e Estuarine environments that have been altered by humans may still contain a diverse
community of fish.

e Interpretation of fisheries data may be misleading, due to sampling limitations or species
distribution on date of sampling.

Many studies around the world have successfully used assessments of fish “health” in order to evaluate
estuarine habitat integrity (Deegan et al. 1997, Hughes et al. 2002, Breine et al. 2004, Harrison and
Whitfield 2004). These measures of health can range from the cellular level all the way to the fish
community level. For the purposes of CLEAP, health is evaluated from the individual to the population and
community levels. Several fish metrics, including species diversity, abundance and biomass, growth rates
of salmonids, and a variety of community assemblages, are considered for potential biological indicators.
The following are site-specific factors of the CLEAP study, which necessitate consideration with regards to
the fish sampling data:

e All attempts were made to be consistent with sampling methods and efforts at each site;
however, as lagoon volumes changed throughout the season, sampling efficiencies also
changed. Because the fish communities found at CLEAP sites have a relatively low diversity,
reactions to habitat perturbations may be very subtle and sampling methods may not have been
comprehensive enough to measure them accurately.

e Both steelhead (Oncorhynchus mykiss) and coho salmon (O. kisutch) were collected. These
two species are listed under the US Endangered Species Act and are valued by sportfishers,
stimulating significant interest. Because the extreme southern extent of the coho salmon range
falls in the middle of the latitudinal span of CLEAP study sites, presence or absence of this
species may complicate data interpretation. In fact, in 2005, the existing range of coho salmon
was extended south when the southernmost location of coho salmon (Laguna Lagoon) was
discovered during CLEAP sampling. While the coho salmon and steelhead in the lagoons are of
interest, it must be stressed that these fish are heavily dependent on the condition of upstream
habitats earlier in their life histories. These upstream habitats were not studied within the realm
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of CLEAP and may have a strong influence on the salmonid data.

¢ Much interest has focused on the salmonid populations residing in the lagoons. CLEAP
monitoring efforts concentrated on determining salmonid growth rates, residence times,
and relative population sizes. All salmonids collected were weighed and measured (all other
fish species were counted and representative subsamples were weighed and measured if
abundance was greater than 50 individuals).

Footnotes:

" Note that N:P ratio must be calculated using the molar equivalent of the concentrations. N:P ratios using ug/L (ppb) or mg/L
(ppm) are incorrect because organisms have molar requirements of each compound, not mass requirements. Proper N:P ratios
should be calculated using uM concentrations of the biologically available species of N and P within the systems in question.
Conversion of molar concentrations to mass concentrations is based on molecular weight. Unit conversions for common chemical
species in this project are as follows: 1 uM NOx (as N) = 14 ug/L, 1 uM NH," (as N) = 14 ug/L, 1 uM PO, (as P) = 31 ug/L, 1 uM Si =
28 ug/L.

i Redox sensitive is a term to identify compounds that contain oxygen and can be used as alternative energy sources for respiring
bacteria when the availability of oxygen is limited (i.e. suboxic, hypoxic and/or anoxic). Unit conversion is as follows: 2uM NOx
"DIN = NO, + NH," i.e., total biologically-available nitrogen supply DIN (dissolved inorganic nitrogen) equals NO, (nitrate) plus NH*
(ammonia).

Vv Water is rarely limiting in a coastal environment.

v Both of these bioassessments relied upon on the California Stream Bioassessment Procedure (CSBP) produced by Jim Harrington
(Harrington 1999). The CSBP is a regional adaptation of the U.S. Environmental Protection Agency (EPA) Rapid Bioassessment
Protocols (Barbour et al. 1999) and is recognized by the EPA as California’s standardized bioassessment procedure (Davis et al.
1996). The CSBP is a cost-effective tool that utilizes measures of the stream’s benthic macro-invertebrate (BMI) community and its
physical/habitat structure.
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7. Lagoon Matrix and Site Selection

The data collection efforts for CLEAP began in August of 2003. Following site selection procedures
outlined by the EPA Wetland Assessment Manual (2002), the goal of CLEAP site selection was to focus
data collection efforts on a selection of lagoons that represented a range of habitat conditions based on
local land use and human impacts. The primary purpose of the 2003 CLEAP efforts was the integration
of a wide array of management, watershed, and lagoon information and existing data to create a
comparative matrix of the lagoons in Santa Cruz County. From this matrix a range of lagoons could be
selected for further study.

A list of potential habitat condition parameters was compiled, ranging from land use influences to
physical, chemical, and biological characteristics and vegetation and fisheries conditions (Table 7.1).
Some parameters were easily measured and thus site specific data collected in the late summer/early
fall of 2003 was used. Other parameters were more costly and time consuming to obtain quantitative
data so data collected by others, qualitative observations, local opinions and/or best professional
judgment was used. Based on the available information, each metric in each of the 11 Central California
lagoons (Figure 6.2), was assigned a 5 (approaching optimal or natural conditions/low impact), 3
(impacted conditions) or 1 (impaired conditions) value. The scores of 15 priority metrics (highlighted in
Table 7.1) for each lagoon were totaled and used to rank the lagoon’s habitat conditions from least to
most impacted (Table 7.2). Using the same approach, a second matrix was developed to prioritize the
same 11 lagoons with respect to the feasibility of implementing future enhancement recommendations
(Tables 7.1 and 7.2). The habitat conditions and management matrices were then used by the Technical
Advisory Committee (TAC) to select five lagoons for the subsequent two years of detailed monitoring. The
lagoons monitored in detail for 2004 and 2005 summer seasons are highlighted in Table 7.2.
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Table 7.1. 2003 CLEAP Lagoon Matrix Parameters (see 2003 CLEAP Technical Report for more details). The highlighted

parameters were used to create the rankings in Table 7.2.

Parameter

Ranking on measurements or
qualitative information

Priority metric?

Reduction in lagoon surface area from 1850
Reduction in summer freshwater inflows
Urban pressure in watershed

Agricultural pressure in watershed

Septic pressure in watershed
Erosion/sources pressure

Watershed area (mi?)
Lagoon surface area (ft?)
Average water depth (ft)
Estimated volume (ft°)
Degree of channelization
Substrate complexity

Solar exposure

Secchi depth/ Water clarity
Average number of days closed ( May-Oct)
Consecutive days closed
Potential wind stress

Depth-integrated DO (mg/L)
Maximum DIN closed (uM)
Average DIN closed ( uM)
Average SRP closed (uM)
Average closed N:P
Dissolved silica (uM)

Max 2003 closed chlorophyll a (ug/L)
Phytoplankton taxa diversity (# of taxa)
Abundance of phytoplankton (cells/L)

Size distribution of phytoplankton (average)
Zooplankton taxa diversity

Abundance of zooplankton (indiv/m?3)

% zooplankton species - herbivorous

Algal state
Wetland plant species density
% distribution of SAV in lagoon area sampled

Qualitative
Qualitative
Qualitative
Qualitative
Qualitative
Qualitative

Physical Characteristics

Measured

Measured
Measured
Qualitative
Qualitative
Qualitative
Qualitative
Measured
Measured
Measured
Qualitative

Chemical Characteristics

Measured
Measured
Measured
Measured
Measured
Measured

Biological Characteristics

Measured
Measured
Measured
Measured
Measured
Measured
Measured

Vegetation Conditions

Qualitative
Qualitative
Qualitative

Fisheries Conditions

Potential for Salmonids Qualitative
Degree of human impact on salmonid population Qualitative
Upstream barriers impacting salmonid migration Qualitative

HABITAT CONDITION PARAMETERS

Anthropogenic Land Use Influence

ZZ< ZZ< ZZZZZZ< ZZZZ<< <XZZ<X<K<<XZZo> Dc<<<<

Degree of management

Potential for habitat improvement
Management feasibility based on funding,
resources and stake holder commitment
Potential benefit of planned restoration/
management actions in watershed to lagoon
function

Qualitative
Qualitative

Qualitative

Qualitative

MANAGEMENT CONDITION PARAMETERS

< =<

Table 7.2. 2003 CLEAP Lagoon Matrix Ranking Results. Lagoons presented in order from least impacted to most
impacted with priority lagoons for 2004-2005 detailed monitoring selected by the CLEAP TAC highlighted. The
main goals of site selection were to create a comparative analysis of lagoons representing a range of habitat
conditions while prioritizing lagoons with high management concerns. See Figure 6.2 for location of lagoons.

Lagoon Habitat Conditions Ranking Management Ranking
(85 possible points) (20 possible points)
Waddell 65 i
Scott 63 10

Laguna 62 W)

Soquel 51 1
Pescadero 15 10
Corcoran 42 3

Schwan 71 7

Moran 39 5

San Lorenzo 37 16

Aptos 34 14

Watsonville 34 1

page 7.2
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8. Lagoon Characterization Methods

LAGOON MODIFICATION CHRONOLOGY

The historical analysis was performed over the duration of the CLEAP data collection efforts. Initial
analysis began with amassing a collection of historical aerial photographs of the Santa Cruz County
coastline from the resources of the UCSC Map Room, Fairchild Aerial Photography Collection of Whittier
College, and WAC Corporation (www.waccorp.com). Maps of historic topographic surveys performed

in 1853 and 1910 by the US Coast and Geodetic Survey were found at the California State Lands
Commission. These maps, along with the aerial photographs, were used to create a visual time line

of changes to the Santa Cruz County lagoons. To fill in the gaps left by the aerial search, particularly
pre-1920, a search for articles and historical ground photos of the lagoons was then performed. Much
information was found from Santa Cruz Public Libraries website (www.santacruzpl.org), including articles
on the history of Aptos and the Coast Dairies Property. Visits to the Santa Cruz Museum of Art and
History Library and the Capitola Historic Museum yielded numerous photos from the 1870s and on,
giving a visual history of the San Lorenzo, Soquel, and Aptos Lagoons. Additionally, Carolyn Swift, the
director of the Capitola Historic Museum, was an invaluable resource, providing the Historical Context
Statement for the City of Capitola (Swift 2004) and with the names of several long-time residents to
contact for further information, including Dick Nutter and Frank Perry. A digital clearinghouse of the
historic aerials and maps obtained as part of the CLEAP efforts has been produced for the Santa Cruz
County Resource Conservation District.

LAGOON MORPHOLOGY

Key aspects of lagoon morphology were estimated from a variety of data collection techniques. The most
accurate acquisition of lagoon morphology would entail detailed topographic and bathymetric surveys.
The cost of accurate surveys for each of the 5 priority lagoons was cost-prohibitive for this project. This
is especially true considering the dynamic nature of the lagoon sediments. A detailed bathymetry in the
fall of one year would be rendered grossly inaccurate the subsequent spring, following any significant
winter flows and associated sediment reorganization.

Historic and current lagoon surface areas were estimated using aerial photography, historic and current
maps, field observations and GIS tools. Historic lagoon areas are based on a Coast Geodetic Survey map
created of the Santa Cruz County Coastline in 1853. The map was digitally scanned, geo-referenced and
the historic lagoon area was estimated using GIS analyst tools. Based on recommendations from the
TAC and field observations, current lagoon surface area is defined as the inundated area where surface
water flow direction is not visibly identifiable during steady state closed conditions. As continuous water
depth records reveal (YSI data), each closed lagoon reaches a water storage equilibrium (water inputs =
water outputs) and subsequent water depth changes over a weekly timescale are minimal. Site specific
observations of the past 3 years were used to document the aerial extent of the lagoon inundation

in August and/or September of each year. Lagoon surface area and configurations vary from year to
year based on beach morphology and stream storage capacity. Closed lagoon surface areas presented
herein are an average area of the steady-state lagoon surface based on team members’ observations
throughout the 3 year study. The lagoon areas are presented in acres (rather than ft?) to reflect the
confidence of these estimates.

Deeper bathymetric locations within the lagoons are more susceptible to salt water entrapment,
thermocline development and limited horizontal water mixing during reduced circulation conditions.
A primary assumption in maintaining adequate water quality in these lagoons is the importance of

2NDNATURE, LLC | 321 Frederick Street Santa Cruz California 95062 phone 831-426-9119 fax 831-421-9023 email info@2ndnatureinc.com




8. Lagoon Characterization Methods | COMPARATIVE LAGOON ECOLOGICAL ASSESSMENT PROJECT (CLEAP) page 8.2

horizontal and vertical water exchange. Based on two years of monthly site visits for water quality,
benthic invertebrate and fish sampling, the project team has estimated the locations of anomalously
deep pockets within each lagoon and a GIS analysis was used to calculate the surface area for each
deep area and totaled for each lagoon..

The relative extent of lagoon morphologic constriction was quantified using a technique similar to a
stream channel entrenchment ratio developed by Rosgen (1996). The entrenchment ratio is calculated
by dividing the flood-prone channel width by the bankfull channel width and expresses the vertical
containment of a river at any particular location. Flood-prone channel width is the stream width at

a discharge level twice the bankfull depth. The entrenchment ratio provides an index to quantify

the relative incision or constriction of a stream within its floodplain. The morphology of a natural
meandering stream will have access to its floodplain during elevated streamflow conditions and thus will
possess a large entrenchment ratio (> 2.2) (Rosgen 1996). The cross-sectional area of a flood-controlled
stream will show little difference whether at bankfull or flood stage (ratio <1.4). The entrenchment ratio
concept has been applied to develop an index of lagoon morphology. Flood control, levee development
and/or other morphological changes have significantly restricted the surface area of some lagoons
during summer closure. The entrenchment of each lagoon station was calculated by: Lw/Sw where Sw
is the station water surface width at 1-2ft tidal elevation (AMSL) in April and Lw is the closed lagoon
water surface station width. The respective widths were either measured in the field or scaled using GIS
analyst tools.

LAGOON EXPOSURE

Estimates of lagoon station exposure were developed using field observations, station wind speed
measurements and lagoon aerial photographs. Each lagoon station was assigned a value from 1 to 5
for relative susceptibility to wind and sunlight exposure. Wind speed was measured at each station
during lagoon sampling days using a hand-held anemometer. Field monitoring data was used to

rank the relative wind exposure of each lagoon station, using 1, 3 and 5. A 1 indicates the station is
protected and has little to no wind stress throughout the day, 3 suggests the station is exposed to the
wind but wind speed rarely exceeded 5 mph during field observations, and a 5 indicates the station

is fully exposed to coastal wind and wind speeds often exceeded 5 mph. The relative wind exposure
scale is based on the premise that increasing wind exposure is a positive physical condition enhancing
surface water mixing within the lagoons. The sunlight exposure scale was inverted, as exposure to solar
radiation will directly increase water temperatures potentially exacerbating eutrophication. A 1 was
assigned to fully exposed areas with no vegetation cover (a station located on beach sand was given a
1), 3 was given to those sites exposed for a limited portion of the day (usually morning or afternoon) due
to a cliff or vegetation, and 5 was assigned to sites protected from the sun for the majority of daylight
hours, due to dense riparian cover along the lagoon bank. The station values were averaged for each
lagoon. At those lagoons where stations were concentrated in either the upstream or downstream end
of the lagoon, intermediate stations were added to more accurately portray the overall lagoon surface
area’s exposure to wind and sunlight. For instance, at Soquel Creek Lagoon, stations 4 and 5 are evenly
distributed along the upstream end of the lagoon, but stations 1 through 3 (including 1.5 and 2.5) are
more heavily concentrated in the downstream area. Values were therefore added between sites 3 and 4
and sites 4 and 5 to compensate for the downstream weighted average.

CLIMATIC CONDITIONS

Real-time climate data was obtained online from the California Irrigation Management Information
Systems (CIMIS) (http://www.cimis.water.ca.gov/cimis/welcome.jsp). CIMIS operates and maintains
over a 120 automated weather stations throughout the state. Unfortunately, there are no ideal active
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weather stations to accurately depict the daily climatic conditions at the Santa Cruz County lagoons. At
the onset of CLEAP, the UC Santa Cruz Engineering Department operated an automated weather station
at Long Marine Lab, located on the coastline at the northern border of the City of Santa Cruz. However,
the weather stations and online data access have been inoperable since late 2003. Therefore, the
majority of the precipitation, solar radiation, air temperature and land surface wind speeds presented in
this analysis are the average values of two active CIMIS stations, #129 Pajaro' and #104 DelLaveaga'.
The DelLaveaga station is centrally located (east/west) within Santa Cruz County, but at a 300’ elevation.
The Pajaro station is 3.2 miles from the coastline but located at the southern extent of Santa Cruz
County and at the center of the Monterey Bay. Rainfall, fog layers and summer climate on the Santa
Cruz Coast follow distinct elevation gradients, though inherent daily variations are common. Given

the available weather information, we believe the climatic average of these two sites is a reasonable
estimate of daily and seasonal variations experienced at the subject lagoon sites.

WATERSHED CHARACTERISTICS

GIS was utilized to calculate the watershed and land use distribution data for each of the project
lagoons. The majority of the shapefiles were provided by the County of Santa Cruz. Each lagoon
watershed area was calculated by summing the surface area of all contributing sub-watersheds. Many
of the watershed land use distribution estimates were created by GIS parcel, zoning and land use data
provided by Santa Cruz County. Population density was calculated as the sum of the population of each
parcel within the studied watersheds and divided by the total watershed area. Land use was determined
from the County Assessor Use Codes (each parcel has a unique use code). The areas of all parcels with
agricultural and urban use codes were summed and the corresponding percentages were determined for
each watershed. Where individual parcels intersected watershed boundaries, the information pertaining
to these parcels (population, land use, etc.) was reduced by a percentage equal to the parcel area
within the watershed divided by the total area of the parcel. The population directly affected by flood
control was calculated by totaling the population of each parcel that overlapped with the historic lagoon
area (without flood control). Septic population density was determined by summing the population of
the watershed serviced by septic and dividing by the surface area of this portion of each respective
watershed.

Impervious surface area within each watershed was determined by combining the following two area
calculations:

1. The total road length for each watershed was multiplied by an assumed width of 60 feet for all
major highways (Highway 1 and 17) and by 24 feet for all minor roads.

2. The Assessor Use Code for each parcel assigns an assumed percentage of imperviousness. This
percentage was multiplied by the total area of the parcel and totaled for each watershed.

These two area calculations were added together to determine the approximate total impervious area
per watershed.

AUTOMATED INSTRUMENTATION

CLEAP data acquisition included the installation and maintenance of 9 different automated water quality
data loggers deployed from April to November in 2004 and 2005. The 8 multi-parameter data loggers
are manufactured by Yellow Springs Instruments (www.ysi.com). Four YSI 600 OMS units were deployed
in the surface waters to monitor surface water temperature, salinity and chlorophyll concentrations on
30 minute intervals in Laguna, Soquel, San Lorenzo and Aptos. Four YSI 600XLM units were deployed

in the bottom waters of the same lagoons to simultaneously monitor lagoon water depth, bottom water

2NDNATURE, LLC | 321 Frederick Street Santa Cruz California 95062 phone 831-426-9119 fax 831-421-9023 email info@2ndnatureinc.com




8. Lagoon Characterization Methods | COMPARATIVE LAGOON ECOLOGICAL ASSESSMENT PROJECT (CLEAP) page 8.4

temperature, salinity, pH, oxidation reduction potential (ORP) and dissolved oxygen. All YSI instruments
were deployed in 2”7 PVC perforated housings. Bottom water units were either installed in the stream
bed attached to a fence post or mounted to bridge footings or another secure substrate. Surface water
instruments were attached to a buoy to ensure constant monitoring of the surface water conditions at
each site (see photos below). Every 20 to 40 days, the instruments were retrieved and the recent data
was downloaded using EcoWatch software and a laptop computer. The digital data was transferred
from the field laptop to the company server immediately upon return to the office. The batteries

were replaced, the unit was calibrated per protocols for the respective parameters provided by the
manufacturer and then redeployed. The calibrated values were recorded in a field data instrument
maintenance log to track calibration and data maintenance efforts.

Photos of YSI instruments installed

at Laguna and Aptos Creek Lagoons.
Bottom water instruments are installed
within PVC pipes; surface water
instruments are attached to buoys.

In Scott Lagoon, NMFS installed and maintained 2 YSI 600XLM instruments, one in the surface and

one in the bottom waters. These instruments recorded water temperature, salinity, DO and pH on 15
minute intervals and the NMFS data has been integrated into the CLEAP database. CLEAP installed and
maintained an In-Situ miniTroll (www.in-situ.com) to collect depth data on 30 minute intervals. The In-
Situ instrument was downloaded every 30-60 days, the batteries were replaced as necessary, and the
instrument was maintained per manufacturer’s instructions. All maintenance activities were recorded in
the instrument log.

Water temperature, salinity and chlorophyll were monitored. Instrument failure did occur on some
occasions resulting in sustained data gaps. The low cost and high resolution of these water quality
datasets makes this type of monitoring in dynamic aquatic systems like coastal lagoons very valuable.
The limitation of these instruments is that the information is limited to one distinct horizontal location
and two distinct vertical locations in each lagoon. Detailed lagoon vertical profiles were collected

at lagoon sampling stations (at least 5 per lagoon) during each LSDs to calibrate and evaluate how
representative the instrument locations were to the greater lagoon area. Vertical profiles consisted of
DO, temperature, salinity and conductivity readings every 0.2.m using a YSI 85 Handheld instrument.

LAGOON WATER BUDGETS

The two primary influences on lagoon water volumes are freshwater inflow rates and tidal exchange.
Santa Cruz 30 minute tidal elevation data was obtained using the WXTIDES32 software program (http://
wxtides32.com). Real time and daily mean streamflow discharge data was obtained from the USGS
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California streamflow data clearinghouse (http://waterdata.usgs.gov/ca/nwis/sw) for San Lorenzo River
(ID #11161000) and Soquel Creek (ID #11160000). Aptos Creek was gaged by the USGS intermittently
from 1958 to 1985. Hydrologic analysis contained within the Aptos Creek Enhancement Plan (Coastal
Watershed Council 2003) included an empirical relationship to predict Aptos Creek daily discharge as

a function of Soquel Creek discharge. CLEAP calibrated the empirical estimates with manual discharge
measurements in the field. Streamflow discharge in ungaged streams was manually measured monthly
utilizing standard USGS measurement techniques (velocity-area method for total discharge and six-
tenths method for determining velocity). Lagoon storage volume changes over the season were based
on (1) water depth from YSI instrumentation in lagoon corrected to estimated average lagoon depth from
vertical profile data and (2) lagoon surface area from GIS calculations. Surface area of each lagoon
was calculated for both open and closed conditions and appropriately used for volume calculations
depending upon sandbar status and visual extent of inundation observations documented in the field.

CIRCULATION REGIME

In order to standardize circulation differences across different lagoons and to provide a quantitative
technique to define circulation, the CLEAP team calculated the 2 hour derivative of the water depth
variations (dz/dt) in each lagoon as monitored by the in-situ YSI instruments. Visual observations of

the derivative patterns clearly illustrate the variations in circulation in each of the five lagoons (see
Figure 11.17). In order to correct for variations of the instruments from the mouth of the lagoon, the
magnitude of each lagoon derivative during 3 simultaneous spring tidal cycles in April were compared.
To standardize the derivative scales, San Lorenzo dz/dt was divided by 1.6 and Soquel was divided 1.2
to make the derivative range similar to the other lagoons during these 3 spring tidal cycles. Using visual
site observations in concert with the results presented in Figure 11.17, the following circulation criteria
were created based on the 12 hour running average (R-ave) of the depth derivative (dz/dt):

Macro tidal: R-ave > 0.1 following regular tidal patterns

Micro tidal:  R-ave < 0.1 following regular tidal patterns or
0.05< R-ave <0.15 following irregular tidal patterns

Closed: R-ave < 0.05

BIOLOGIC COMMUNITY DIVERSITY CALCULATIONS

Simpson Index of Diversity was used as a metric to evaluate community diversity for all observed levels
of the trophic structure. Value ranges from O-1 where the higher the value the more diverse the sample.
This calculation takes into account both number of species (species richness) and number of individuals
of each species (species evenness).

0 Defined as 1-D where D is Simpson Index defined as D=[X n(n-1)]/[N(N-1)], where n is the
total number of organisms of a particular species and N is the total number of organisms of
all species.

STRESSOR AND INDICATOR TESTING

The methodology of the stressor and indicator analysis is presented in detail in Section 10 Evaluation of
Lagoon Metrics.

Footnotes:
" #129 (Pajaro) is located at the Santa Cruz/Monterey County Border adjacent the Pajaro River?. (elevation 65 ft MSL, latitude
36°54'12"N, longitude 121°44’31"W).

' #104 DelLaveaga located in the City of Santa Cruz (elevation 300 ft MSL, latitude 36°59'52"N, longitude 121°59'45"W).
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9. Field Data Collection Methods

The degree of human impact and alterations to each coastal lagoon varies across Santa Cruz County.
Since decades of data collection and monitoring are not available to assess the changes in strategic
lagoon parameters in concert with increased development, CLEAP has utilized the spatial variability
across lagoons as a comparative tool to improve our overall understanding of the physical, chemical and
biological function of these unique ecosystems. Assessments of wetlands utilizing a spatial comparison
to identify causal stressors impacting ecosystem health are recommended by many references. CLEAP
approach and data collection design relied heavily on the EPA’s Methods for Evaluating Wetlands (US
EPA 2002) and Karr and Chu (1999) “Restoring Life in Running Water, Better Biological Monitoring”, in
addition to an extensive collection of peer-reviewed journal articles referenced throughout this report.

FIELD MONITORING SCHEDULE

Lagoon Sampling Days (LSDs) were conducted nearly monthly in each of the 5 lagoons from May to
late October/early November in 2004 and 2005. Below are the data collection techniques, sampling
handling protocols, and data management procedures for each of the parameters measured during a
LSD.

As recommended by the EPA Wetland Bioassessment Methods (US EPA 2002), CLEAP data collection
and lagoon function evaluations are focused on physical, chemical and biological conditions during the
potentially critical times of the year (May through October/November) when lagoon circulation and water
exchange rates naturally decline and warmer climatic conditions exist. Figure 9.1 is a graphic summary
of the field data collection efforts for 2004 and 2005 at each lagoon. The goal of the data collection
protocols was to constrain the potential spatial and temporal variability of conditions across lagoons as
best as possible to ensure reasonable confidence that observed differences in the lagoon parameters
over the monitoring period were reflective of changes within the system and not artifacts of sampling
variability. With this goal in mind, the time of day for each station and monitoring parameter was
standardized within each lagoon throughout the 2004-2005 sampling for most parameters'.

The majority of monthly chemical and biological data collection occurred on the same day, termed a
Lagoon Sampling Day (LSD). The exception being benthic invertebrate sampling that was conducted
within one week of the LSD for each site due to the time required to conduct benthic monitoring. All
parameter sampling was initiated at the same time of day and all data collection progressed from
downstream stations to upstream stations. Vertical profile, base of the food chain ecology and nutrient
sampling were conducted primarily in the morning hours (07:00-09:30), with occasional supplemental
afternoon sampling to improve YSI instrument calibration and our understanding of daily variations of
water quality conditions. When the lagoon sandbar was open, all efforts were made to sample water
quality, primary producers and zooplankton on days with morning outgoing tides to minimize the oceanic
influence. Benthic sampling was initiated at each site on the same time of day and stations were
sampled in the same order each visit. Fish sampling was always initiated between 09:00 and 09:30 and
proceeded from downstream to upstream sites, thus each site was monitored at the same time of day
each visit.

LAGOON SAMPLING STATIONS

Figures 11.3, 11.5, 11.7, 11.9, and 11.12 are current aerial photographs that document the data

collection stations within the monitored lagoons. At the onset of 2004, five to six sampling stations
within each lagoon were established to maximize spatial representation of the data collection while
ensuring all data collection areas had reasonable agreement. One of the greatest limitations of the
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spatial representation was that each lagoon sampling for fish must be completed within one day to
accommodate project resources. Access, deep water and other fish seining logistics made sampling
within some locations of each lagoon impossible. The water quality, base of the food chain ecology and
benthic invertebrate sampling stations were adjusted to overlap with the fish sampling locations as best
as possible. The station locations and sampling logistics within each lagoon will be further explained in
the methods sections for each respective monitoring parameter.

PARAMETER SELECTION

The selected parameters represent a wide array of physical, chemical and biological characteristics
of the summer lagoons that the project team and TAC identified as key components that may improve
our understanding of lagoon function, serve as an indicator of ecosystem health and directly address
management objectives.

The specific datasets collected and maintained for CLEAP are listed in Table 9.1. Associated with each
parameter is the source of data, the frequency of collection per year, the number of data points in the
CLEAP database, and the relative annual cost per data point on a scale of 1-5 (see code at end of table).
The relative cost per data point is based on the amount of time and training necessary to collect the
data in the field, the cost of laboratory analysis (if applicable), and the level of expertise necessary to
compile, manage and interpret the data. While many of the biological parameters have a high cost per
data point, the data collection protocols, management techniques and interpretation tools provided by
CLEAP aim to reduce the degree of expertise necessary to collect and manage these valuable biological
datasets during future lagoon habitat condition assessments. The relative cost rankings should

also provide information to prioritize the monitoring parameters for future projects given monitoring
objectives and associated resources.

Table 9.1. 2004-2005 CLEAP Monitoring Parameters

Relative
Field # of Cost
Frequency* Main Purpose Data Source Data
Parameter Points per data
point v
Lagoon Inputs
. e Lagoon water budget
e Streamflow discharge . ) 2NDNATURE
into lagoon monthly e rggg;:'y nutrientloading to ;55 \where available 80 1
2NDNATURE collected,
filtered, froze samples
e Streamflow nutrient monthl e Monthly nutrient loading to UCSC researcher Dr. L. 370 3
concentrations y lagoon Anderson performed
nutrient sample
analyses.
Lagoon Exposure
« Riparian % cover 1x 'gﬁi‘ior';ggﬁ?j#re towindand N pNATURE 1
. 450
o Wind speed in lagoon monthly ~ ° :iﬁg;’ﬂr:ater surface wind 2NDNATURE 1
Automated YSI's
2 per lagoon: one on surface and one at bottom
: w::g: s:nr;therature e Continuous record of ancillary
e Salinit p parameters in each lagoon.
: Conduitivit e Lagoon water budget 2NDNATURE 19
. y 30 min e Lagoon water quality NMFS maintained Scott . 2
e Dissolved oxygen ) million
(bottom only) e Lagoon water quality response Lagoon Instruments
y to circulation changes on short
e Chlorophyll (bottom .
only) time scales
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Field # of Ri'i:'tve
Frequency* Main Purpose Data Source Data
Parameter . per data
Points .
point v
Vertical Profiles
5-6 stations per lagoon; measurements taken every 0.2 m
e Water depth
e Water temperature e Calibrate YSI data
e Salinity e Expand ancillary water quality
e Conductivity monthly data horizontally and vertically 2NDNATURE 8,250 1
e Dissolved oxygen throughout lagoons
Physical Conditions
5-6 stations per lagoon
e Seasonal lagoon dominant
Substrate Conditions monthly grain size : ) 2NDNATURE 400 1
e Proxy for potential sediment
nutrient regeneration
Grab Water Samples
5-6 stations per lagoon; surface water all events, occasional bottom water samples
Filtered (0.45um, i.e. e Lagoon nutrient
dissolved) nutrient concentrations
samples (nitrate, nitrite, monthl e Biogeochemical cycling 2NDNATURE collected, 2150 3
ammonia, soluble reactive y e Potential indicator of habitat filtered, froze samples ’
phosphorous, silica) quality UCSC researcher Dr. L.
Anderson performed
e Calibrate YSI nutrient sample
Chlorophyll a monthly e Expand YSI data to greater analyses. 280 3
lagoon area
e Potential biological indicator
Biological Conditions
e Lagoon phytoplankton
Phytoplankton community commumt)_/ changes during 2NDNATURE collected
« species ID peak growing season and fixed samples
e species cell e Correlation between primary for storage. UCD D.
'_3 monthly producer community Hunter performed 3,400 5
e biovolume per .
; characteristics and other phytoplankton
species ) . L
) trophic structures and water identification and
e # of cells per species )
quality sample analyses.
e Potential biological indicator
e Lagoon SAV conditions during
Submerged aquatic peak growing season 2NDNATURE collected
vegetation (SAV) e Correlation between primary data with ID assistance 5
community monthly producer community from K. Kamer of 115
e Species ID characteristics and other Moss Landing Marine
e Species % cover trophic structures and water Laboratory
quality
2NDNATURE
. e Compare lagoon zooplankton collected and fixed
Zooplankton community . .
« Species ID community dynamics samples for storage.
e Species cell size e Relationship of secondary Former USGS J. Orsi
P . ) monthly grazers to food source performed zooplankton 1,100 5
e Species biovolume ) e
. . (phytoplankton) and predators identification and
e Species feeding -
technique (benthic invertebrates) sample analyses. A.
q e Potential biological indicators Little evaluated and
interpreted data.
Benthic invertebrate 2NDNATURE collected
A ) and fixed samples
community e Compare lagoon benthic
) . . for storage. USGS
e Species ID community dynamics .
L . ) . M. Shouse designed
e # of individuals per ¢ Relationship of benthic
. monthly . . protocols and QA/ 3,500 3
species community to other trophic
. : QC sample ID and
e Dominant size per levels )
species e Potential biological indicators enumeration. M.
Shouse evaluated and
interpreted data.
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Field # of R%Iz:tve
Frequency* Main Purpose Data Source Data
Parameter . per data
Points .
point v
Fisheries community
e Species ID « Compare lagoon fish E. Freund of NMFS
e # of individuals per comr?wnit % namics oversaw and managed
species e Lagoon stgelﬁead rowth rates fisheries sampling.
e [Individual weight and monthly g . : ) g ) 2NDNATURE assisted 45,000 5
length e Relationship of fish community with data collection
e growth rates of R L%?et:gglt?igrc;cilceavleilnsdicators and data management.
recaptured steelhead g E. Freund evaluated
(pit tags)

* No data collection occurred between December and early April each year.
v relative cost of data point per year codes.
1 Inexpensive data to obtain and some training required

2 Inexpensive per point but regular calibration by trained personnel necessary

3 moderate cost and some training required

4 moderate cost but expert needed to interpret raw data
5 expensive and expert needed to interpret data
(Cost based on data collection, sample handling, laboratory sample analysis (if necessary) and data interpretation.)

DATA COLLECTION METHODS

Lagoon Sampling Day (LSD) Water Quality Monitoring

e Station physical conditions

0 Hand-held anemometer was used to record wind speed at each lagoon station. Anemometer
was held into wind for one minute and an average reading was recorded digitally into a

handheld Palm Pilot.

o Dominant grain size was visually observed from bank to bank at each station location. The

predominant grain size was recorded digitally into a handheld Palm Pilot.

0 Both wind speed and grain size data was transferred directly from Palm Pilot to MS Access

Database upon return to the office.

e Vertical profiles

0 Morning ancillary water chemistry parameters (DO, temperature, salinity, and conductivity)
collected with a hand held YSI-85 multi-parameter probe (www.ysi.com) from a Sevylor
inflatable raft at 0.2m intervals by securing a weight to the YSI probe and measuring tape-
marked depths. With every vertical profile, water clarity was measured using a Secchi disk.
Data was entered digitally into a handheld Palm Pilot using MS Access database field forms
designed specifically for CLEAP. All vertical profile values were repeated by the data entry
personnel to verify accuracy during time of data input in the field.

0 In 2005, afternoon vertical profiles were conducted at one station in the lagoon during

times of reduced circulations to provide comparisons to morning sampling results.
o All vertical profile data was transferred directly from the Palm Pilot to MS Access Database
upon return to the office.

e Surface water nutrient sample collection concurrent with vertical profiles at all stations. During
periods of lagoon closure, or when vertical profiles revealed marked differences between surface
and bottom water, bottom nutrients samples were collected using a 2.2L Van Dorn horizontal
beta bottle sampler. Periodically, afternoon vertical profile and sample collection were repeated
at one station in each lagoon to provide comparisons to morning sampling

0 Nutrient Sample Collection and Handling Protocol
Sample was collected into 250ml clear bottles rinsed instream 3 times, labeled and put
on ice until filtered. Sample was filtered in field or office within 3 hours of collection
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using 0.45uM Aqua Prep filter, Masterflex tubing, battery operated pump, and pre-
rinsed, labeled 30ml bottles. Samples were stored in freezer until delivery to lab. Chain
of custody documenting sample label, date collected, and sample ID accompanied
samples to lab. At least one field replicate was collected during each sampling effort to
quantify sampling precision.

0 Nutrient Sample Analysis Methods
Filtered samples were quick thawed and analyzed for biologically available nutrients:
dissolved nitrate (NO,), nitrite (NO,), ammonia (NH,"), phosphate (PO,*, aka soluble
reactive phosphorous (SRP)), and silica (SiO,) by UCSC researcher Dr. Linda Anderson
using peak area technique on an automated spectrophotometric flow injection analyzer
(Lachat, Quickchem 8000). Laboratory blanks and SRMs (standard reference materials)
analyzed to determine analytical detection limits and accuracy.

0 Nutrient Sample Data Management
All CLEAP nutrient sample results are stored by site, station, date and water column
location and digitally maintained in the MS Access Database (CLEAP_DATA.mdb).

e Surface chlorophyll sample collection concurrent with vertical profiles at each station. During
periods of lagoon closure, or when vertical profiles revealed marked differences between
surface and bottom water, occasional bottom waters were collected using the Van Dorn
sampler. Periodically, afternoon vertical profile and sample collection were repeated at one
station in each lagoon to provide comparisons to morning conditions.

0 Chlorophyll a Sample Collection and Handling Protocol
Surface sample was collected into 250ml amber bottles rinsed instream 3 times,
labeled and put on ice until filtered. Sample was filtered in field or office within 3 hours
of collection. Whatman 0.45um 25mm glass microfiber filters were placed on a screen
using forceps. Using a graduated cylinder a measured amount of sample was added to
funnel fitted over filter and pumped through filter using a hand pump. When filtering
was complete, filter was removed with forceps and folded into aluminum foil square.
The foil was labeled with the station number, date, and amount of sample filtered. The
filters were stored in Ziploc bag labeled by site and date and frozen until delivery to
lab. Chain of custody documenting bag label, sample label and ID, and volume sampled
accompanied sample delivery to lab. At least one replicate was collected during each
sampling to determine sampling precision.

0 Chlorophyll a Sample Analytical Methods
Chlorophyll sample analysis was performed by Dr. Linda Anderson (UCSC) following the
flourometric determinations as outlined by Parsons et al. (1984).

0 Chlorophyll Sample Data Management
All CLEAP nutrient sample results are stored by site, station, date and water column
location and digitally maintained in the MS Access Database (CLEAP_DATA.mdb).

LSD Biological Monitoring

e Phytoplankton community sampling were performed concurrent with vertical profiles at each
lagoon station.
0 Phytoplankton Sample Collection and Handling Protocol

Composite grab sample was collected in near surface water (to 0.5m depth) at

each station. Equal volumes (25mL) of sample were collected at each station and
combined into one 125mL polyethylene bottle properly labeled with site and date.
Composite was treated with Lugol’s at 1% of total sample volume (measured with
pipette), cap was wrapped with electrical tape to avoid spillage, and bottle was
stored until delivered to phytoplankton taxonomist for analysis. Chain of custody
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documenting sample label, ID, date and time of collection accompanied sample
delivery to taxonomist. Four field replicates for phytoplankton community precision
were collected each year for a total of eight sample replicates over the course of the
study. The high cost per sample limited the number of replicates submitted for this
project.

0 Phytoplankton Sample Analytical Methods
Phytoplankton community analysis performed by Deborah Hunter of UCD. Using
microscope and standard phytoplankton references, Ms. Hunter provided cells per
liter and biovolume (um3/L) per species, species type, and total sample.

0 Phytoplankton Sample Data Management
Database format was created for the phytoplankton community data for each lagoon
sample data and maintained in the CLEAP MS Access Database. Ms. Hunter ensured
each phytoplankton value entered into the database is verified by a trained laboratory
assistant to assure consistency with the laboratory workbook.

e Submerged aquatic vegetation (SAV) and macroalgae visual percent cover surveys were
performed concurrently with vertical profiles monitoring.

0 SAV and macroalgae % cover was visually estimated at each station within the
lagoons. The cross-sectional length at each station measured and percent cover of
each SAV and macro algae was estimated within each cross-section. Field personnel
recorded percent total cover, percent cover by species, and depth to surface at
each station. An average percent cover was then calculated for each lagoon during
the respective LSD. In 2004, SAV and macro algae samples collected were put in
labeled Ziplocs and placed on ice until delivery to macro algae expert (Krista Kamer,
PhD (Moss Landing Marine Laboratory - MLML) for identification. In 2005, SAV and
macroalgae samples were collected periodically throughout the monitoring season
and frozen. Samples were quick thawed and delivered to MLML for confirmation of
sample species identification by Michael Graham, PhD. SAV and algal identification
utilized dissecting and compound scopes and guides to wetland algae and plant
species (Abbott and Hollenberg 1976). Database format was created for SAV/
macroalgae survey data and all observations were stored in the CLEAP MS Access
Database.

Examples of aquatic vegetation
observed during CLEAP monitoring.
From left are the enteromorpha,
ulva (both macroalgaes) and
potamogeton (an SAV).

e Zooplankton community sampling performed concurrently with vertical profiles at 2-3 stations
per lagoon.
0 Zooplankton Sample Collection and Handling Protocols
A vertical tow net with 80um mesh net (Wilco Wisconsin Net 40-A50) was fitted with a
40-D70 Wisconsin bucket (also with 80um mesh net). A mechanical digital flowmeter
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(General Oceanics 2030R) was attached to the mouth of the net to quantify tow
volume. Initial flowmeter count was recorded digitally. Net was then submerged from
side of Sevylor inflatable raft and drug alongside of moving boat. All effort was made
to maintain the boat at a constant speed and in a constant direction during the tow. A
15’ rope tied to top of net allowed oblique tows from the bottom to the surface of the
water column to ensure a representative sample was collected. At the completion of
the tow the net was removed from the water and end flowmeter count was recorded.
Using squirt bottle, net and bucket were thoroughly rinsed to concentrate sample at
base of bucket. Clamp at base of bucket was released and sample was collected in
125ml plastic bottle. Within each lagoon, replicate tows were taken at 3 sampling
stations and the replicates were combined for a composite sample. Zooplankton
samples were preserved in 5% buffered formalin with Rose Bengal dye, sealed with
black electrical tape to avoid spills, labeled with site and date, and stored until
delivered to expert for taxonomic identification. Sample chain of custody included
lagoon, station, date and time collected, and calculation of field sample volume.

Field sample volume calculation:

Distance (m) = [(Countend-Countbeg)*26,873]/999999, where Countlaeg is the pre-
sample flowmeter reading, Count_  is the post-sample flowmeter reading, and
26,873 is the flowmeter’s rotor constant.

Volume (m?) = [3.14*(dia)?]/4]*Distance, where dia is the diameter of the net
(130mm) and Distance is the value calculated above.

0 Zooplankton Sample and Data Analysis
Zooplankton analysis performed by Jim Orsi (formerly of USGS). Concentrated
samples were diluted to a volume of 50 to 400ml, and typically 1ml subsamples were
examined in a Sedgewick-Rafter cell. All taxonomic groups were counted, and the
total lengths of the first 20 individuals in each category were measured. Copepods,
cladocerans, and rotifers were identified to species or genus, and rotifers were
identified as herbivorous or carnivorous. Copepod nauplii were separated into the non-
feeding (N1-2) and feeding (N3-6) stages by using 0.20um as a rough dividing length.
Harpacticoid copepods (primarily associated with the benthos) were not considered
in biomass or grazing computations due to their unlikely impacts on planktonic
communities in this system.

Calculation of zooplankton sample biovolume (mg C/m?) totals
O Species abundance (#/m?3) = species count *dilution factor
O Species biomass (mg C/m?3) = abundance * known value of species
individual biomass (mg C)
0 Sample biomass = sum of biomass for all species observed in sample.

Zooplankton biomass was the cumulative biomass of 47 individual taxa/life stages,
computed as the product of abundance and carbon biomass for each taxon. Taxon-
specific biomass was first computed from either length measurements and published
length-dry weight (DW) relationships (Burgis 1975, Dumont et al. 1975, Bottrell et al.
1976, Uye 1982, Culver et al. 1985, and C. Hall (pers. comm.)) or published dry weight
measurements (Dumont et al. 1975, Ruttner-Kolisko 1977, Makarewicz and Likens
1979, Rosen 1981, Hutchinson 1982, Brock 1985, Culver et al. 1985, Lawrence et al.
1987, Malley et al. 1989, Pauli 1989, Wetzel and Likens 1991, Kobayashi et al. 1996,
Lucas et al. 2002). Dry weight estimates were then converted to carbon assuming
that the ratio of carbon: dry weight is 0.48 for all taxa (Andersen and Hessen 1991).
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0 Zooplankton Sample Data Management
Database format created for zooplankton data and all data stored in CLEAP MS
Access Database. Mr. Orsi ensured that all values entered into the database were
verified against his laboratory notebook. Due to the high cost of zooplankton sample
enumeration, no replicates were submitted to the zooplankton specialist for analysis.

Following the completion of the above monitoring, LSDs included seining and processing (measuring
weights, lengths and tagging) of fish species.

Fisheries

e In 2005 fish sampling in all five lagoons was performed by Dr. Ellen Freund’s National
Marine Fisheries Service team. Sampling locations and sample collection protocols were
standardized for each lagoon and remained consistent throughout the 2005 season. A
30m beach seine (wings made of 2cm stretched mesh and bag of 1cm stretched mesh)
was used at each site. Figures 11.3, 11.5, 11.7, 11.9, and 11.12 indicate the seining
locations for each lagoon. Each captured fish was identified to species. Every individual
was counted, then fork length and mass were measured. If numbers of individuals of a
given species were too great, a sub-sample of 50 individuals was measured and weighed,
but all individuals captured were included in the final count whether they were weighed and
measured or not. Salmonid species over 65mm in fork length were anesthetized, weighed
and measured, and scanned for PIT tags using a PIT tag reader (www.biomark.com). If no
previous PIT tag was found, one was implanted by trained fisheries personnel. PIT tags
allowed for individual steelhead identification facilitating growth calculations and residence
time estimations upon recapture. All fisheries data were entered electronically in the field
using Palm Pilots and ultimately stored in the CLEAP MS Access Database.

e In 2004 fish sampling and data collection were conducted by two groups. Hagar
Environmental Services (HES) sampled San Lorenzo and Laguna Lagoons. The NMFS
group sampled Scott, Soquel and Aptos Lagoons. There was some variation in sampling
techniques between the two groups. Details and variations in the fish sampling efforts are
summarized in the 2004 CLEAP Technical Report. Briefly, HES used three different seines to
sample within San Lorenzo, depending on the location and water depth (large purse seine:
150ft long, 8ft high with '4-in mesh was deployed by boat at deeper sites; medium beach
seine: 100ft long, 6ft high with %-in mesh was used where wading was practical; small
beach seine: 50ft long, 6ft high and 's-in mesh was used along the shore to capture smaller
species). At Laguna, HES used the small beach seine as well as an electrofisher during
the September 2004 sampling. In both 2004 and 2005, the NMFS group used a modified
beach seine that had a bag built in comprised of smaller mesh (30m long with wings made
of 2cm stretched mesh and bag of 1cm stretched mesh), which was either deployed by boat
in deeper sites, or dragged like a regular beach seine when possible. All fisheries data are
stored in the CLEAP MS Access Database.

Fish sampling in Soquel Lagoon,
May 2004.
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Benthic Invertebrates

Benthic invertebrate sampling was conducted in each lagoon within 1 week of the respective Lagoon
Sampling Day in 2005. In 2005 sampling took place 5 times in all lagoons. Due to initial resource
limitations, benthic sampling was conducted only one time in 2004 in all 5 lagoons.

e Benthic Sample Collection and Handling
Upstream and downstream stations were established in each lagoon and three samples were
collected per station (right bank, benthic grab, left bank). The sampling protocols for CLEAP were
developed in consultation with Jim Harrington, benthic specialist with the California Department
Fish and Game.

0 Right and left bank samples were taken using a slack net sweep with a mesh of 500
microns. A depth of 0.5m was used to establish range of sweep to the shore. The
distance from bank to 0.5m depth was measured and recorded to establish sweep
starting point. With net on lagoon bottom, a bouncing motion was used to disturb
sediments, sweeping net to the bank and then up the bank from the sediments to
include emergent vegetation habitat. If depth at bank was greater than 0.5m, depth
was recorded and vertical sweep up bank from lagoon bottom was conducted. Each
sample was washed through a 500um screen and transferred to labeled 1qt HDPE
containers for analysis.

0 Benthic grab was performed at deepest part of channel using a petite ponar grab.
Substrate and ancillary water quality parameters (depth, DO, temperature, salinity,
conductivity) in bottom waters were recorded prior to sampling. Grab was lowered from
side of Sevylor inflatable raft to collect bottom sediment sample. Once grab hit the
substrate, it was raised to surface and sample was emptied into a wash bucket with a
500um screen at bottom. Sample was washed through 500um screen and transferred
to labeled 1gt HDPE containers for analysis

0 Following in-field analysis (described below) sample was transferred, maintaining its
integrity, into storage jars and preserved with 95% Ethanol.

e Benthic Sample Analysis Methods
Samples were analyzed in field. Visual identification of species performed by expert (Michelle
Shouse, USGS) who trained 2NDNATURE staff member M. Mathias with reference to invertebrate
identification books. A preserved library of all invertebrate species encountered has been
created. Individual counts were approximated when greater than 20. Species length range
were measured with calipers and dominant size noted. At least one sample from each lagoon
sampling effort was reanalyzed by M. Shouse in the laboratory to provide further identification
of unknown organisms as well as enumeration QA/QC. All data was recorded directly into the
CLEAP digital database.

CLEAP MS Access Database

Over 1.25 million data points were generated during the 2004 and 2005 sampling seasons and all are
contained in the CLEAP MS Access Database. The CLEAP database can be obtained from the Coastal
Conservancy at the completion of this project. The database not only simplified data analysis and metric
development efforts for CLEAP, but provides a simple and accessible means to extract CLEAP data in the
future. While the CLEAP effort provides a large variation of lagoon data analysis and presentation, the
database will allow additional scientific evaluation of future lagoon questions.
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DATA COLLECTION AND MANAGEMENT QA/QC

Field data QA/QC was a high priority for the CLEAP team members. The sampling parameters and
sampling plan developed for CLEAP were integrated into digital field data forms where all field data
was collected and stored. Detailed Palm Pilot field sheets were created to ensure that all relevant field
conditions, station and site information, and detailed data were consistently collected and stored. These
digital field datasheet form the hierarchy of the CLEAP MS Access Database structure and include all

of the physical, chemical and biological data collected at each lagoon over the project duration. Maggie
Mathias of 2NDNATURE was the lead field manager on site for every LSD effort conducted on behalf of
CLEAP and she was assisted by additional trained field staff for all efforts. She ensured that each data
field in the Palm Pilot field data sheets was completed at each station prior to proceeding onto the next
location. Fisheries sampling efforts were lead by Ellen Freund of NOAA NMFS, and typically involved 4-
6 personnel from both NMFS and 2NDNATURE. Prior to LSD completion, 2NDNATURE staff reviewed
the LSD digital file onsite to ensure the information was consistent and accurate with the conditions
experienced at the site. The digital data was immediately transferred onto the 2NDNATURE server upon
return to the office and reviewed one last time for completeness and accuracy.

Detailed Chain of Custody forms were completed at the end of every LSD for all samples to be submitted
to laboratories or other researchers for additional analyses. The Chain of Custody forms were executed
by the sampling and receiving parties upon transfer of the respective samples. The CLEAP team
understands the importance of field replicates to quantify field precision during sampling. In some
instances, particularly the phytoplankton and zooplankton samples, the high cost of replicate samples
were prohibitive and thus replicate samples were limited to save resources. Below we briefly review the
QA/QC procedures for the main parameters monitored for CLEAP, any data correction techniques and
any relevant precision estimates based on replicate sampling.

Automated Instrumentation QA/QC

While continuous datasets provide enhanced details of physical and chemical lagoon conditions that are
impossible with grab sampling and spot measurements, continued accuracy of some parameters can be
difficult using automated instruments. The technology to accurately measure water depth, conductivity,
salinity, pH and water temperature with automated instruments is better developed than the techniques
for dissolved oxygen, oxidation reduction potential and chlorophyll (Figure 9.2). Thus, long-term data
sets of the latter parameters require calibration and data adjustments to improve accuracy. Correlation
plots between vertical profile (VP) spot measurements and YSI values were created for each lagoon.
Individual values exceeding a relative 80% difference were investigated to ensure VP and YSI data were
taken from the same vertical location in the water column with similar physical conditions (temperature
and salinity agreement). Conditions at adjacent VP stations during this time were also reviewed and
considered to ensure the VP data was representative of a greater lagoon area. Once these conditions
were verified, the YSI DO data for the time period of deployment bracketing the VP measurement of
interest was adjusted to the known (VP) value and a correction factor (CF) was calculated (Figure 9.2).
This correction factor was then used to adjust the DO time series bracketing the known values (ranging
from 8-15 days in duration). A similar procedure was used to correct and calibrate the automated

YSI chlorophyll data using the grab sample results from the VP station adjacent to each YSI for each
particular lagoon sampling day.

Field Information QA/QC

All meta field data information during LSDs was collected digitally in the field using a Palm Pilot. Field
data collection forms were created to ensure all necessary site and station information was collected
and data fields were completed prior to leaving each station. The digital field forms provide a simplified
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means to record all necessary site information including sandbar status, climatic conditions, date/time,
station substrate conditions, station algal and SAV conditions, water sample bottle numbers, vertical
profile values, phytoplankton sample volumes, zooplankton sample volumes, etc. Immediately upon
return to the office the forms were downloaded to the company server and reviewed for accuracy and
completeness.

Water Quality Sampling QA/QC

One field replicate was collected during each sampling effort to quantify sampling precision for nutrients
and chlorophyll. Laboratory replicates were analyzed for one out of every ten samples to verify analytical
precision. Table 9.2 provides the average precision (expressed as % difference) for each of the field and
laboratory replicates and triplicates collected for CLEAP. The laboratory precision is consistently below
10% error. The field replications showed strong agreement with the exception of the average ammonia
precision of 19%. Analytical and field blanks were used to quantify the analytical detection limits for
each constituent of interest and the respective values are provided in Table 9.2.

Table 9.2. Nutrient sampling precision and analytical detection limits for 2004 and 2005 sampling.

NH, NOx NO, PO, Sio, Chlorophyll
Field replicates % difference 19% 6% 9% 11% 11% 11%
(n) (23) (25) 3) (25) (25) (14)
Lab replicates% difference 4% 5% 8% 4% 2% 8%
(n) (28) (28) | (12) (28) (15) (28)
Analytical detection limit (uM) 0.60 0.11 | 0.47 0.03 0.39 n/a
Analytical detection limit (ug/L)" 8.4 1.5 6.6 0.93 10.9 0.10

Phytoplankton and Zooplankton QA/QC

The phytoplankton sample volume collected in the field was recorded at each station in the MS

Access Database via the hand-held Palm Pilot. Four field replicates for phytoplankton community
precision were collected each year for a total of eight sample replicates over the course of the study.
The high cost per sample limited the number of replicates submitted for this project. Minimal sample
enumeration differences were identified within the replicates. In each sample, the number of species
were consistently within 5% and species identifications were consistent, but sample biovolume total as
enumerated by the specialist varied by an average of 7%.

The flow meter value (used for zooplankton sampling only) pre and post sampling was recorded in
the Palm Pilot and repeated between both field personnel to ensure accuracy. Due to the high cost
of zooplankton sample enumeration and the inherent heterogeneous distribution of zooplankton no
replicate samples were collected.

Benthic Sample Enumeration QA/QC

The initial 2004 and early 2005 benthic sampling efforts for CLEAP were led by benthic specialist,
Michelle Shouse, and assisted by 2NDNATURE field personnel to ensure proper training on sample
collection and enumeration techniques. M. Mathias was the lead 2NDNATURE benthic field personnel
and conducted every benthic data collection effort on behalf of CLEAP and was accompanied by another
trained field personnel to conduct the benthic sample collection and subsequent sample enumeration.
Benthic sample enumeration was conducted within hours of field collection. Once species identification
and individual numbers in sample were agreed upon the sample values were entered directly into
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the Palm Pilot database. At least one sample from each LSD was preserved in ethanol and reserved
for Michelle Shouse to QA/QC. Of those QA/QC samples, 95% were found to be within +/- 5% of the
abundance enumerations recorded in the field.

Fish Sampling QA/QC

All fish data, including species identification, fork length, weight, seining location and other relevant
metadata were collected in the field (either on paper or into Palm Pilot databases). When entered,
values were verbally repeated to ensure accurate documentation. Because HES and NMFS shared
duties for fish sampling in 2004, there are subtle differences in data collection during that year. HES
used paper spreadsheets for data collection, which were later entered into an MS Excel spreadsheet,
transferred to 2NDNATURE and then deposited into the master MS Access database. In 2004 and
2005, NMFS entered the majority of the field data directly into a Palm Pilot MS Access database (using
Pendragon Forms Manager 2000 software). There were occasions when some fish data were collected
on paper spreadsheets; these data were later entered into the MS Access database upon return from
the field.

Footnotes:

"For consistency, ‘site’ refers to a specific lagoon as a whole and ‘station’ refers to a specific location within a lagoon.
" Unit conversion of uM to ug/L: ZuM NH,*, NO , NO, (as N) = 14ug/L, 1uM PO, (as P) = 31ug/L, 1uM Si = 28ug/L.
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10. Evaluation of Lagoon Metrics

Quantitative metrics were used to simplify the CLEAP dataset while preserving its power to inform key
processes and indicators of lagoon function. CLEAP was designed to gain comparative information from
the range of habitat conditions represented by the five selected lagoons. Potentially successful stressors
require a range of values across conditions and sites. A successful biological indicator will possess a
predictable dose-response to variations in the intensity of a particular stressor.

There are three primary applications of the CLEAP stressor and indictor evaluations.

1. The results from the metric testing improve our understanding of lagoon function and primary
conditions within a lagoon that influence habitat quality. The results and applications of the
stressor and indicator testing will be discussed further in the Central California Lagoon Function
(Section 11), CLEAP Lagoon Existing Conditions (Section 13) and Recommendations (Section
14).

2. These efforts identify baseline stressor values and associated biological responses expected
within Santa Cruz coastal lagoons. Future enhancement efforts within CLEAP specific lagoons
can use this information to target changes that are expected to reduce the frequency and
magnitude of the identified stressor values in each lagoon. Post-enhancement monitoring can
focus upon the stressors and indicators that are most appropriate to evaluate the performance
of future enhancement efforts.

3. The extensive data collection and analysis efforts performed by CLEAP can be used to refine
future evaluations of Coastal California lagoons. The identification of stressors and indicators
that directly influence the habitat quality of coastal lagoons provides cost-effective assessment
tools for future evaluations of other Coastal California lagoons, including an extensive Coastal
California Lagoon rapid bioassessment, the California Rapid Assessment Method (CRAM) for
wetlands, and/or the development of a Coastal Lagoon Index of Biological Integrity (IBI).

Static Stressors

Stressors have been developed and used in rapid bioassessments to express the degree of
anthropogenic impacts on an aquatic system. Typically, rapid bioassessments create and test easily
obtainable watershed and physical conditions that are assumed to have an influence on more site-
specific characteristics that impair biological integrity. Common bioassessment stressors include %
impervious coverage, population density, and snapshots of nutrient concentrations. For CLEAP, a list of
watershed and lagoon features that could have an indirect influence on the susceptibility of a lagoon
to inclement habitat conditions and variations in biological integrity was developed (Table 10.1). Table
10.1 presents the ID code, description, data source, unit of measure, and calculation details for each
static stressor. These physical broad-scale disturbances are referred to as “static stressors”, as their
conditions do not measurably change over short-time scales and there is only one value per lagoon.
For the purpose of a future lagoon rapid bioassessment, these stressors could be useful. However,
comparing these static stressors to the high resolution (monthly) biological data of CLEAP proved
problematic. For each lagoon, there is one x-value (static stressor) plotted against several y-values
(biological indicator) that vary with each sampling effort. These relationships can be heavily skewed by
outlier values. Reducing the biological data to one value for the season is possible (to create five by
five point comparisons), but was not performed for the CLEAP analysis. However, once the ‘successful’
dynamic stressors were identified, we tested the power of the broader watershed land-use and lagoon
characteristics (static stressors) to predict the season specific impacts determined to influence
biological health. The metrics in Table 10.1 may be useful for regional or local bioassessments of
Coastal California lagoons.
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Dynamic Stressors

The CLEAP high resolution data was used to create stressor metrics based on site-specific conditions
that are assumed to have a more immediate influence on biological health. We suggest that refining
the stressors beyond general watershed land use or immediate lagoon conditions will provide resource
managers with specific information on system function, in addition to identifying biological indicators
of lagoon health. The detailed physical, hydrologic and chemical data collection efforts were used to
create a list of site and time specific “dynamic stressors”. The dynamic stressors preserve the extreme
variability of the lagoon environment as it responds to many interacting conditions. Dynamic stressors
are metrics that express physical and chemical conditions observed on, or leading up to, each lagoon
sampling day (LSD) when the biological data was collected. Table 10.2 presents the ID code, description,
data source, unit of measure, and calculation details for each dynamic stressor. The general categories
of potential dynamic stressors include:

= |lagoon morphology as it responds to circulation changes (MO)

= inflow hydrology (H) and nutrient loading (NU)

= lagoon circulation regime leading up to the lagoon specific LSD (CIRC)

= climatic conditions four days prior to and including the lagoon specific LSD (CL)

= nutrient and water column conditions observed during lagoon specific LSD (NU)

= degree of stratification and absolute temperature/salinity conditions in the water column four
days prior to and including the lagoon specific LSD (PH)

= bottom water dissolved oxygen, pH and ORP levels four days prior to and including the lagoon
specific LSD (CC)

Biological Indicators

The CLEAP team utilized examples from existing literature and successful biological indicators identified
by others (Karr and Chu 1999, Ode et al 2005, US EPA 2002, etc.). Various expressions of community
composition of each trophic structure were included in the list of potential biological indicators (Table
10.3). Table 10.3 also includes the metric specific ID code, detailed description, calculation details and
expected response of the indicator as a stress increases. Potential indicators of habitat health for each
trophic level include:

= Dominance of tolerant species

= Dominance of intolerant/sensitive species

= Species diversity

= Total number of species

=  Food quality of community for predators, and

= QOther expressions of community composition that were expected to vary in response to different
habitat conditions.

STRESSOR AND INDICATOR TESTING

The respective values for each of the 69 dynamic stressors and 76 biological indicators (Tables 10.2
and 10.3) were calculated using the CLEAP database and MS Access programming tools. The respective
stressor and indicator values were imported into MS Excel and, using Visual Basic programming, an
automated matrix was developed to test a total of 5244 relationships. For each relationship, the
Pearson’s correlation coefficient and associated p-value were calculated. Correlation coefficients
possessing p-values significant at a range of 95-99% confidence were noted within the matrix by 5%
value. Correlations possessing a p-value significant above 99% confidence (p-value < 0.01) were noted
with a 1% value. Non-significant correlations (< 95% confidence to reject the null hypothesis that the
relationship occurred by chance) were ignored. Any stressor or indicator that produced no statistically
significant causal relationship (p-value > 0.05) was eliminated.
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Following this initial screening of the correlation between lagoon stressors and indicators, 477 tests
were significant at the 95% confidence and 171 of those were significant to the 99% confidence
interval. To improve the power and sensitivity of each individual metric, the testing and rejection of
redundant metrics (r?> 0.7) was conducted as employed by Ode et al. (2005). Visual correlation plots
were created of all remaining stressor/indicator relationships to verify the correlation coefficients and
p-values were not significantly skewed by a few outlier values and the stressor values represented a
well-distributed range.

These efforts resulted in a collection of successful dynamic stressors and biological indicators that,
together, improve our understanding of lagoon function. Table 10.4 is the resultant matrix of the most
powerful stressors and indicators as determined by the CLEAP observations. Key stressor ID codes are
across the top row and powerful biological indicator ID codes are represented in the left column. Each
strong statistically significant relationship (> 99% confidence) is indicated in yellow and the correlation
p-value is provided. Relationships with p-values between 0.05 and 0.01 are noted in grey. Graphical
examples of a subset of the strong statistically significant stressor/indicator relationships are provided
in Figure 10.1. The graphical relationship was examined for each stressor/indicator pair with p-value <
0.01 and used to refine the final matrix of successful stressors and indicators presented in Table 10.4.

SUCCESSFUL STRESSORS INFLUENCING BIOLOGICAL HEALTH

A second testing effort was conducted to identify causality between the degree of human disturbances
to the lagoon and the more specific chemical and physical conditions that are directly influencing the
integrity of the local biology. The specific dynamic stressor metrics that met the criteria described in
the section above and successfully documented a causal influence on biological health are presented
in Table 10.5. Based on the total number and quality of the statistically significant relationships, the
most influential lagoon-specific conditions influencing biological health are the degree of water column
stratification and the degree of biological metabolism, as measured by DO, pH and ORP. Also showing
significant correlations to biological indicators were the degree of circulation as dictated by the sandbar
status, nitrogen loading and relative nitrogen availability.

The dynamic stressor values that displayed consistent and strong correlations with biological
conditions (Table 10.5) were further evaluated to determine if specific physical features of the lagoon
or its watershed made density stratification or impaired dissolved oxygen, pH and ORP levels more
likely. Thus, we tested the causal relationship between land use, morphology, hydrology, climate and
circulation (as expressed by both static (Table 10.1) and dynamic (Table 10.2) stressors) against the
key lagoon water quality stressor metrics (PH and CC metrics in Table 10.5). The matrix of the stressor
correlation testing is presented in Table 10.6. As in Table 10.4, all metrics not displaying statistically
significant relationship were eliminated from the table to simplify the presentation.

Land use distribution, as expressed by relative density of population, septic systems and impervious
surfaces, possessed consistent positive correlations with tributary DIN concentrations (all p-values <
0.000001). Population density (LA1), percent septic (LA2) and percent impervious (LAB) also statistically
correlated with the lagoon circulation regimes. The more urbanized lagoons have greater flood control
needs and thus the seasonal duration of closure decreases with increasing urbanization. Other static
stressors did not produce statistically significant causal relationships with specific lagoon physical and
chemical conditions.

The lower table (B) in Table 10.6 presents the p-values of the successful watershed and lagoon
conditions (Table 10.5) having the strongest influence on the lagoon water column stressors. The
most notable of findings is that not one of the hydrologic metrics (H) showed a statistically significant
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correlation to water column stratification or dissolved oxygen levels. While surface water limitations
will certainly affect habitat and biological health if there is not enough water volume within the lagoon,
inflowing volumes may not be the controlling factor influencing stratification or biological metabolism.
Lagoon morphology, as expressed by summer depth to width ratios (MO5) and % of lagoon bathymetry
below MSL (MOG6), displayed numerous statistically significant correlations (all p-values < 0.008) with
density stratification and bottom water dissolved oxygen, pH and ORP metrics.

BIOLOGICAL INDICATORS OF LAGOON HEALTH

A list of the most powerful biological indicators of lagoon health is provided in Table 10.7. Similar to
successful biological indicators determined by other biotic assessments, species diversity, species
density and the relative presence of sensitive species were the most effective biological indicators
identified by CLEAP. Each of the 4 trophic structures investigated had at least two successful metrics
showing a dose-response to variations in the successful lagoon stressors (Table 10.5).

Biological indicators of the primary producer community showed the most frequent and powerful
responses to variations in the physical and chemical conditions. As suspected, the dynamic variability of
lagoons has a significant influence on the short-lived organisms at the base of the food chain. Changes
in lagoon water quality have an immediate influence on density and distribution of the phytoplankton
community. The longer-lived higher trophic structures are both influenced by changes in the primary
producer community, as well as the physical water column conditions within the system.

Species diversity for both benthic invertebrate and fish communities showed numerous strong
correlations to variations in lagoon conditions. Unfortunately, there were few direct links observed
between the intensity of stress and those metrics focused upon the sensitive fish species, namely
salmonids. The mobility of fish species, inherent complexity in sampling and compounding
environmental effects on the quantification of salmonid populations are all potential reasons for these
results. The CLEAP metric development and results provides an additional subset of information to
improve our understanding and evaluations of lagoon function. There are likely additional explanations
for the presence or absence of statistically significant relationships that may not include causality, and
future lagoon evaluations should continue to build upon the preliminary CLEAP efforts. Discussions of
stressor and indicator results and associated applications will continue in subsequent sections.
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impervious surfaces
LA7 Flood control population Population of people located MEASURED Population in floodplain # of persons County GIS, aerials
pop! within 100 floodplain of lagoon. P P P Y&,
Exposure of lagoon surface to AVE of station wind exposure ranking: 1= 80% of wind wind measurements, field
MO1 Average Wind Exposure .p e ESTIMATED readings < 1mph, 3= 80% of wind readings 1 <wind <5 1, 3, 5 ranking . '
wind stress . R observations
mph, 5= 80% of wind readings > 5 mph
LSA reduction fi -1900 t
Mo2 % LSA Reduction presztl;z;on rompre ° ESTIMATED (Pre-modified LSA - LSA 2005) / pre-modified LSA % historic/current aerials
Lagoon Measure of vertical containment
Morphology Average Lagoon Entrenchment s " Channel width at bankfull / channel width at 2x N N N N
MO3 Ratio :;;ang:eoln within active stream QUALITATIVE bankfull: See Term Sheet for definition of bankful ratio aerials, field observations
Exposure of lagoon surface to AVE of station solar exposure ranking (months of July +
M04 Average Solar Exposure . P . g QUALITATIVE August): 1= direct sunlight > 6 hrs, 3= 3hrs < direct 1, 3, 5 ranking field observations
direct sunlight " . .
sunlight < 6 hrs, 5= direct sunlight < 3 hrs
< - - - — =
MOS Spring substrate A?of I’fzgoon. with substrate grain ESTIMATED AVE of stations Substre.lte condmon.s 1. sand or greater, 1,3, 5 ranking field observations
size silt or finer 3 = sandy/silt, 5 = organic silt/clay
. ) ) monthly manual
. Percent reduction in fresh water (May 15 mean daily Q - Sept 15 mean daily Q) / May 15
H1 IQR MEASURED %
Hydrology Seasonal Q Reduction inflow SU! mean daily Q (AVE of WYO4 and WYOS) o measur;ngweer;tastgr USGS

Metric terms and acronyms are defined in Tables 10.8 and 10.9.
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Qualitative/
ID STRESSOR NAME DESCRIPTION Estimated/ CALCULATION UNITS DATA SOURCE
Measured
MOS5 Surface Area :vMean Depth |Ratio of L§A to lagoon mean ESTIMATED LSA / mean depth on LSD ratio County GIS, aerials, YSI
Ratio depth during LSD depth data
% L Bath try bel P it of LSA wh h | bed|
Lagoon Moe | %> Lagoon w/ Bathymetry below|Percent of LSA where channel be ESTIMATED Area below MSL / LSA % field observations, aerials
MSL elevation is below sea level
AVE of all stations: 1= in size < d, 3=
MOo7 AVE Lagoon Substrate Lagoon substrate grain size ESTIMATED ora S @ I_ons average grain swz? .San g 1, 3, 5 ranking field observations
average grain size = sand, 5= average grain size > sand
Ratio of I; | il |
H2 | %LV as Freshwater input  |Fou Of lagoon volume to daily ESTIMATED Mean daily Q (act) / LV (act) ratio Q measurements, GIS,
freshwater inflow aerials
monthly manual
Hydrology H3 Q Daily mean freshwater inflow MEASURED Manual or USGS Q value cfs measurements, USGS gage|
data
. . monthly manual
Dail freshwats flow/WS
H4 Normalized Q /WS SA S:I ly mean freshwater inflow/ MEASURED Manual or USGS Q value/WS SA (mi%) cfs/mi? measurements, USGS gage
data
L irculati i for t CLOSED, MICRO
CIRC1 Circulation Regime agoon circulation regime prior to MEASURED See Glossary N or YSI depth data
LSD MACRO
CIRC2 #of days CLOSED Number of continuous CLOSED MEASURED Sum Days CLOSED if LSD CLOSED days YS! depth data
days prior to LSD
Number of contil MICRO
CIRC3 #of days MICRO umber of contnuous MEASURED Sum Days MICRO if LSD MICRO days ¥Sl depth data
days prior to LSD
N f i MACR
Circulation | circa # of days MACRO umber of continuous MACRO MEASURED Sum Days MACRO if LSD MACRO days YS! depth data
R, days prior to LSD
CIRC5 | Monthiy Fraction CLOSED  |Fr2100 ©f 30 days priorto LSD MEASURED Sum days CLOSED / 30 ratio YS! depth data
GIRCG | Monthly Fraction MIcRO |20 of 30 62ys prior to LS MEASURED Sum days MICRO / 30 ratio YS! depth data
CIRC7 | Monthly Fraction MACRO ;:(C:‘F'g' of 30 days prior to LSD MEASURED Sum days MACRO / 30 ratio YSI depth data
CIMIS Pajaro and
CcL1 MAX Wind Speed MAX daily wind speed MEASURED AVE (Daily MAX WIND SPEED prior to LSD) mph Delaveaga Weather
Stations
CIMIS Pajaro and
cL2 MAX AIR TEMP MAX daily air temperature MEASURED AVE (Daily MAX AIR TEMP prior to LSD) °c Delaveaga Weather
Stations
CIMIS Pajaro and
Climatic CL3 MAX Solar Radiation MAX daily solar radiation MEASURED AVE (Daily MAX SOLAR RADIATION prior to LSD) W/m2 Delaveaga Weather
Conditions Stations
Scaled AIR TEMP value
. " - " . range 0-1; increasing CIMIS Pajaro and
representing daily variation of AIR AVE (Daily MAX AIR TEMP * 0.75 - Daily AIR TEMP )
CcL4 Daily TEMP Scal: MEASURED t ith DelL: Weath
atly calar TEMP and daily MAX AIR TEMP STDEV * 0.25) prior to LSD / project MAX  stressor wi elaveaga Weather
. increasing value Stations
prior to LSD
Sum of daily rainfall for water CIMIS Pajaro and
CL5 Annual Rainfall ear v MEASURED SUM (Daily rainfall for range of water year) inches Delaveaga Weather
V Stations
: " . " . . Q measurements, stream
NU1 DIN-in Load! Daily DIN loadi te to | MEASURED Daily AVE Q * [DIN-i LSA 2
in Loading aily oading rate to lagoon (Daily Q*[l in]) / mg/ft°/day water sampling
I
NU L5 DIN- in CONC Montlh th{bUtafy DIN MEASURED Concentratlor\ of‘DIN measured ||T respective tributaries me/L Tributary sampling
concentrations during sampling in closest proximity to LSD
. . . . ’ . Q measurements, stream
¥ I * i 2
NU2 SRP-in Loading Daily SRP loading rate to lagoon MEASURED (Daily AVE Q * [SRP-in]) / LSA mg/ft"/day water sampling
NU3 | [DINbtmI{SRP-btm] Ratio |"C'ar ratio of DIN to SRPin MEASURED AVE of station ([DIN-btm] / [SRP-btm]) ratio LSD water sampling
lagoon bottom waters
Mol io of DIN RP i
NU4 | [DINsfc{SRPsfo] Ratio | 'Oia" ratio of DIN to SRR MEASURED AVE of station ([DIN-sfc] / [SRP-sfc]) ratio LSD water sampling
lagoon surface waters
NUS N:P In Ratio Daily ratio DIN to SRP loading to MEASURED DIN-n loading / SRP-n loading ratio Qmeasurements, stream
the lagoon water sampling
- . Daily silica loading rate to the . 2 Q measurements, stream
N Hin L MEASURED Daily AVE Q * [Si-i LSA
ue Si-in Loading lagoon SU (Daily Q *[Siin] )/ LS/ mg/ft"/day water sampling
M DIN tration in |
N7 Lagoon [DIN-sfc] ean DIN concentration in 12goon|  ieasureD AVE of station [DIN-sfc] ug/L LSD water sampling
surface waters
+ M NH," ion i . .
NU8 Lagoon [NH, -sfc] ean NH, concentration in MEASURED AVE of station [NH, -sfc] ug/L LSD water sampling
lagoon surface waters
NU9 [NH,"-sfc]: [DIN-sfc] Ratio Ffra]“'on of [DIN-sfe] that is [NH, - MEASURED AVE of station (INH,sfc] / [DIN-sfc]) ratio LSD water sampling
sfc
M SRP tration i
NU10 Lagoon [SRP-sfc] ean SRP concentration in MEASURED AVE of station [SRP-sfc] ugL LSD water sampling
lagoon surface waters
M ion in |
NU11 Lagoon [Sisfc] san Si concantration In lagoon MEASURED AVE of station [Si-sfc] ug/L LSD water sampling
surface water
Nutrlent NU12 Lagoon [DIN-btm] Mean DIN concentration in lagoon| gy pep AVE of station [DIN-btm] ug/L LSD water sampling
Conditions bottom waters
NU13 Lagoon [NH,"btm] Mean NH, " concentration in MEASURED AVE of station [NH, -btm] ug/L LSD water sampling
lagoon bottom waters
. Fracti f [DIN- hat is [NH, - +
NUL | INH, bt [DIN-bt] Ratio[+2°1°" @ [DINotmIthat s INHe ) - veagureD AVE of station (INH,btm] / [DIN-btm]) ratio LSD water sampling
m
NU15 Lagoon [SRP-btm] Mean SRP concentration in MEASURED AVE of station [SRP-btm] ug/L LSD water sampling
lagoon bottom waters
NU16 A ia stratificati Molar ratio of surface water to MEASURED AVE of station ([NH,"sfc] / [NH, b ti LSD wat I
mmonia stratification bottom water NH," of station ([NH, -sfc] / [NH, -btm]) ratio water sampling
Mol itio of nitr to silica i
NU17 Sfc N:Si Ratio olar ratio of nitrogen to silica in MEASURED AVE of stations ([DIN-sfc] / [Si-sfc]) ratio LSD water sampling
lagoon surface waters
Percent change of DIN surface
NU18 | Daily sfc DIN ampm Change |21" concentrations between MEASURED (IDINsfc] am - [DIN-sfc] pm) / [DIN-sfc] am % LSD water sampling
morning and afternoon sampling
on LSD
Percent change of DIN bottom
e trations bet
NU19 | Daily btm DIN am-pm Change | o oncentrations between MEASURED ((DIN-btm] am - [DIN-btm] pm) / [DIN-btm] am % LSD water sampling
morning and afternoon sampling
on LSD
Percent change of SRP surface
e trations bet
NU20 | Daily sfc SRP am-pm Change wa er‘ concentrations be weeq MEASURED ([SRP-sfc] am - [SRP-sfc] pm) / [SRP-sfc] am % LSD water sampling
morning and afternoon sampling
on LSD
Percent change of SRP bottom
1t trations bet
NU21 | Daily btm SRP am-pm Change |2 o oncentrations between MEASURED ([SRP-btm] am - [SRP-btm] pm) / [SRP-btm] am % LSD water sampling
morning and afternoon sampling
on LSD
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Qualitative/
ID STRESSOR NAME DESCRIPTION Estimated/ CALCULATION UNITS DATA SOURCE
Measured
Vertical water TEMP variation . . . range 0-1; increasing
) - ) AVE(DiffSTDEV_TEMP / project MAX); DiffSTDEV_TEMP N
PH1 Vertical TEMP Variation compansF)n between sfc and btm MEASURED = ABS(STDEVSfCTEMP - STDEVBtMTEMP) . sireS§or with YSI TEMP data
waters prior to LSD increasing value
Vertical salinity variations . . . _ range O-1; increasing
PH2 Vertical SAL Variation comparison between sfc and btm MEASURED AVE(DIffMAG_SAL / project MAX); DiffMAG_SAL stressor with YSI SAL data
N ABS(AVEsfcSAL - AVEbtmSAL) . .
waters prior to LSD increasing value
Difference in sfc TEMP from
PH3 | Longitudinal TEMP difference [upstream to downstream lagoon MEASURED DS sfc TEMP - US sfc TEMP °c VP data
stations
PH4 Daily sfc MAX TEMP ﬁ)vfsoé daily MAX sfc TEMP prior MEASURED AVE (Daily sfc TEMP MAX prior to LSD) °c YSI TEMP data
Vertical water column TEMP AVE{(DIffSTDEV_TEMP * 0.75) + (DiffMAG_TEMP + | "1€€ O-1; increasing
PH5 TEMP Stratification Stability I . . MEASURED - N - stressor with YSI TEMP data
stratification stability prior to LSD 0.25)) / project MAX} . .
increasing value
. . . range 0-1; increasing
* *
PH6 | SAL Stratification Stabiliy | crica! water column SAL measurep | AVEU(DIFISTDEV_SAL * 0.25) + (DIffMAG_SAL * 0.75) /| "y oo with YSI SAL data
stratification stability prior to LSD project MAX} . .
increasing value
Water Column Value representing daily variation AVE{(((Daily sfc TEMP MAX * 075) - (Daily sfc TEMP range O-1; increasing
Physical PH7 Daily sfc TEMP and Variation |and daily MAX sfc TEMP prior to MEASURED STDEV * 0.25)) - project MIN) / (project MAX - project stressor with YSI TEMP data
Conditions LSD MIN)} increasing value
Value representing daily variation AVE{(((Daily btm TEMP MAX * 075) - (Daily btm TEMP | range 0-1; increasing
PH8 | Daily btm TEMP and Variation |and daily MAX btm TEMP prior to MEASURED STDEV * 0.25)) - project MIN) / (project MAX - project stressor with YSI TEMP data
LSD MIN)} increasing value
PHO Daily btm MAX SAL g; of daily MAX btm SAL prior to MEASURED AVE (Daily btm SAL MAX prior to LSD) ppt YS! SAL data
Number of days in 30 prior to .
< <
PH10 # of days AVE SAL <3ppt LSD, AVE dally bt SAL <3ppt MEASURED Sum of days btm SAL Daily AVE <3ppt days YS! SAL data
Number of days in 30 prior to
PH10.5 | # of days AVE sfc TEMP > 22°C i v P o MEASURED Sum of days sfc TEMP Daily AVE >22°C days YSI TEMP data
LSD, AVE daily sfc TEMP >22°C
PH11 # of days AVE btm TEMP >  |Number of days in 30 prior to MEASURED N fd btm TEMP Daily AVE >22°C days YSI TEMP data
um of days btm ai >
22°C LSD, AVE daily btm TEMP >22°C Y Y
9
PH12 7 of water col.umn below AVE Ia.goon Yolume below MEASURED AVE (% water column below halocline at each station) % VP data
halocline halocline prior to LSD
N -
pH1g | e of water column below AVE lagoon volume below oxyeline| 0oy ipep AVE (% water column below oxycline at each station) % VP data
oxycline (<3mg/L) prior to LSD
9
PH14 7 of water column below AVE Iagogn Vol.ume below MEASURED AVE (% water column below thermocline at each station) % VP data
thermocline thermocline prior to LSD
Number of hours YSI btm DO <3
Ccce # of hours DO < 3 mg/L me/L prior to LSD MEASURED Sum hours DO < 3 mg/L hours YSI DO data
Scaled DO value representing . « . « range 0-1; increasing
CC7 Daily DO Stability daily DO variation and daily MIN MEASURED [AVE{((Daily DO MIN. 075) * (Daily DO STDEV * 0.25) stressor with YSI DO data
N / project MAX}] * (-1) + 1 . )
prior to LSD increasing value
Number of hours YSI btm DO <5
< <
ccs # of hours DO <5 mg/L me/L prior to LSD MEASURED Sum hours DO <5 mg/L hours YSI DO data
Number of hours YSI btm DO < 1
cco # of hours DO <1 mg/L me/L prior to LSD MEASURED Sum hours DO <1 mg/L hours YSI DO data
0C10 | #of days MAX DO <5 mgyL | Number of days in 30 prior to MEASURED Sum days DO Daily MAX < 5 mg/L days YSI DO data
¥ LSD, YSI btm DO MAX < 5 mg/L ¥ v ¥
% of lagoon with DO < 3 mg/L in
9 < < 9
S cc11 % volume of DO <3 mg/L {2 days prior to LSD MEASURED (AVE z<3mg/L)/(T2) % VP data
. % of lagoon with DO <1 mg/L in
o 9
Conditions CC12 % volume of DO <1 mg/L 30 days prior to LSD MEASURED (AVE z<1mg/L)/(TZ) % VP data
CC13 | #of days MINDO =0 mg/L |\ \UmPer of days in 30 prior to MEASURED Sum days DO Daily MIN = 0 mg/L days YSI DO data
¥ /L |LsD, YSI btm DO MIN = 0 mg/L 4 v e/ ¥
CcC14 AVE btm DO MAX AVE of daily DO MAX prior to LSD MEASURED AVE (Daily DO MAX prior to LSD) mg/L YSI DO data
CC15 AVE btm DO MIN AVE of daily DO MIN prior to LSD MEASURED AVE (Daily DO MIN prior to LSD) mg/L YSI DO data
CC16 AVE daily MIN ORP AVE of daily ORP MIN prior to LSD MEASURED AVE (Daily ORP MIN prior to LSD) mv YSI ORP data
CcC17 AVE daily MAX pH AVE of daily pH MAX prior to LSD MEASURED AVE (Daily pH MAX prior to LSD) pH value YSI pH data
CC18 AVE daily MIN pH AVE of daily pH MIN prior to LSD MEASURED AVE (Daily pH MIN prior to LSD) pH value YSI pH data
Scaled ORP value representing . . « . range O-1; increasing
- +
cc19 Daily ORP Stability daily ORP variation and daily MIN measurep | [AVEL((Daily ORP MIN - project MIN) * 078) + (Daily ORP| 7 o 0o YS| ORP data
R STDEV * 0.25)) / project MAX}] * (-1) + 1 R .
prior to LSD increasing value

Metric terms and acronyms are defined in Tables 10.8 and 10.9.
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EXPECTED
D INDICATOR NAME DESCRIPTION CALCULATION RESPONSE TO UNITS DATA SOURCE
STRESSORS
" . . . Biovolume (dinoflagellates + chrysophytes + "
PP1 % Biovolume as Tolerant Species By biovolume, percent of sample that are tolerant species ( & . rysophyt INCREASE % LSD PHYTO sampling
cyanophytes) / sample biovolume
PP2 % Biovolume as Cyanophytes By biovolume, percent of sample that are cyanophytes Biovolume cyanophytes / sample biovolume INCREASE % LSD PHYTO sampling
# cells (dinoflagell: +ch hy +
PP3 % Cells as Tolerant Species By cell count, percent of sample that are tolerant species cells (dinoflagellates + chrysophytes INCREASE % LSD PHYTO sampling
cyanophytes) / sample total cell count
PP4 % Cells as ZOO Food Source By cell count, percent of sample that is a source of food for ZOO # cells cryptomonads / sample total cell count DECREASE % LSD PHYTO sampling
PP5 Number of Species Groups Total number of species groups in sample Count species group in sample DECREASE number LSD PHYTO sampling
PP6 % of MAX Number of Taxa Percent of PHYTO taxa found in this sample relative to project MAX ;l;r)r(\ber species groups in sample / project DECREASE % LSD PHYTO sampling
Sum species biovolume (sum of total number of
PP7 PHYTO Biovolume PHYTO biovolume in sample cells per species * average species cell volume DECREASE umS/L LSD PHYTO sampling
provided by taxonomist)
1-D; D=[Sum(n*(n-1))] / [N¥(N-1); n= range 0-1; increasing
PP8 Species Group Diversity Simpson's index of diversity for sample based on species groups number of cells by species groups, N = number DECREASE diversity with LSD PHYTO sampling
of cells in sample increasing value
# species group required to equal 90% sample
PP9 Dominance Relative dominance of PHYTO species composition bioSolumeg up requl qu ° P DECREASE number LSD PHYTO sampling
PP10 | % Biovolume as ZOO Food Source By biovolume, percent of sample that is a source of food for ZOO Biovolume cryptomonads / sample biovolume DECREASE % LSD PHYTO sampling
PP11 % Biovolume as Chlorophytes By biovolume, percent of sample that are chlorophytes Biovolume greens / sample biovolume INCREASE % LSD PHYTO sampling
. e 3
PP12 | % Biovolume <20um in Length By biovolume, percent of sample that are less than 20 um in length Biovolume of species with biovolume < 320um INCREASE % LSD PHYTO sampling
/ sample biovolume
PP13 % Cells as Chlorophytes By cell count, percent of sample that are chlorophytes # cells greens / sample total cell count INCREASE % LSD PHYTO sampling
) PP14 % Cells as Cyanophytes By cell count, percent of sample that are cyanophytes # cells cyanophytes / sample total cell count INCREASE % LSD PHYTO sampling
Primary Producers
" - " 3
PP15 % Cells < 20um in Length By cell count, percent of sample that are less than 20 um in length # cells of species with biovolume <320um’/ INCREASE % LSD PHYTO sampling
sample total cell count
PP16 CHLORO YSI MAX AVE of daily MAX CHLORO prior to LSD AVE (Daily MAX CHLORO prior to LSD) INCREASE ug/L YSI CHLORO data
Percent change of sfc CHLORO between morning and afternoon sampling on  [(sfc CHLORO am - sfc CHLORO pm)/ sfc LSD CHLORO
PPL7 Daily CHLORO Change & W g plingon | pmy/ INCREASE %
LSD CHLORO am sampling
HLOR! PHYTO Bi I AVE of HLOR( PHYT( LSD CHLORO, PHYT!(
pp1g | CHLOROto PHYTO Biovolume Ratio of CHLORO concentration to PHYTO biovolume sampled on LSD VE of station CHLORO concentration / PHYTO INCREASE ratio SD CHLORO, PHYTO
Ratio biovolume sampling
LSD % cover
PP19 % SAV Percent SAV coverage in lagoon AVE (station % cover, vegetation) INCREASE % o cov
observations
LSD % cover
PP20 % Macrophyte Presence Percent of lagoon with macrophyles present AVE (station % cover, macrophyte) INCREASE % )
observations
1-D; D=[Sum(n*(n-1))] / [N*¥(N-1); n= range 0-1; increasing
Di I |
PP21 Species Iv:rj::yiebsy ndividua Simpson's index of diversity based on individual species number of cells by individual species, N = DECREASE diversity with LSD PHYTO sampling
P number of cells in sample increasing value
Number of Individual S . s . :
PP22 Total number of individual species in sample Count individual species in sample DECREASE number LSD PHYTO sampling
Phytoplankton Taxa
1-D; D=[Sum(n*(n-1))]/ [N¥N-1);n= range 0-1; increasing
PP23 Diatom Species Diversity Simpson's index of diversity based on diatom species in sample number of cells by individual diatom species, N DECREASE diversity with LSD PHYTO sampling
= number of diatom cells in sample increasing value
PP24 Number of Diatom Species Total number of diatom species in sample Count individual diatom species in sample DECREASE number LSD PHYTO sampling
1-D; D =[Sum(n*(n- 1] N*(N-1);n=
number o£ ce\ls( by (\nd\’v)i)tli{l;\ C|§ SO )]hyte range 0-1; increasing
PP25 Chrysophyte Species Diversity Simpson's index of diversity based on chrysophyte species in sample y Y rysop . ? diversity with LSD PHYTO sampling
species, N = number of chrysophyte cells in
increasing value
sample
PP26 Number of Chrysophyte Species Total number of chrysophyte species in sample Count individual chrysophyte species in sample ? number LSD PHYTO sampling
PP27 % Cells as Dinoflagellates By cell count, percent of sample that are dinoflagellates # cells dinoflagellates/sample total cell count ? % LSD PHYTO sampling
PP28 % Biovolume as Dinoflagellates By biovolume, percent of sample that are dinoflagellates Biovolume dinoflagellates/sample biovolume ? % LSD PHYTO sampling
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EXPECTED
D INDICATOR NAME DESCRIPTION CALCULATION RESPONSE TO UNITS DATA SOURCE
STRESSORS
Sum (species abundance * known value of
Z001 Z00 Biomass Z0O0 biomass in sample species individual biomass provided by DECREASE mgC/ m? LSD Z0O sampling
taxonomist)
Z002 % Tolerant Species Percent of sample that are rotifers Biomass rotifers / sample biomass INCREASE % LSD Z0O sampling
Z003 Number of Taxa Total number of species in sample 'Sum species in sample DECREASE number LSD Z0O sampling
Z004 % of MAX Number of Taxa Percent of ZOO taxa found in this sample relative to project MAX Number species in sample / project MAX DECREASE % LSD Z0O sampling
Zooplankton 1-D; D=[Sum(n*(n-1))] / [N¥(N-1);n= range O-1; increasing
Z005 Species Diversity Simpson's index of diversity for sample number of cells by individual species, N = DECREASE diversity with LSD Z0O0 sampling
number of cells in sample increasing value
Z006 Dominance Relative dominance of ZOO species composition # taxa required to equal 90% sample biomass DECREASE number LSD Z0O sampling
2007 % Herbivore Percent of sample that are herbivorous species Biomass herbivore species / sample biomass DECREASE % LSD Z0O0 sampling
Z008 % Omnivore Percent of sample that are omnivorous species Biomass omnivore species / sample biomass INCREASE % LSD Z0O sampling
Z009 % Biomass < 100 um Percent of sample with individual biomass < 100 um Biomass < 100 um / sample biomass INCREASE % LSD Z0O sampling
Z0010 % Fish Food Percent of sample with individual biomass > 1000um Biomass > 1000 um / sample biomass DECREASE % LSD Z0O sampling
LSD BENTHIC
Bl1 % Annelid Percent of sample that are annelids # annelid / sample population ? % .
sampling*
LSD BENTHIC
BI2 BENTHIC population Number of BENTHIC individuals in sample Count number of individuals DECREASE number sampling*
1-D; D=[Sum(n*(n-1))]/ [N*¥(N-1);n= 0-1 increasing LSD BENTHIC
BI3 Species Diversity Simpson's index of diversity for sample number of cells by individual species, N = DECREASE diversity with sampling*
number of cells in sample increasing value pling
" N " ; " # taxa required to equal 90% total sample LSD BENTHIC
Bl4 Dominance Relative dominance of BENTHIC species composition ) d q P DECREASE number .
population sampling*
+ + +
BI5 % Fish Food Percent of sample that is a source of fish food # (amphipod + isopod + mysid+ insect larvae) / DECREASE % LSD BENTHIC
sample population sampling*
o LSD BENTHIC
BI6 % Corixidae Percent of sample that are corixidae # corixidae / sample population ? % sampling*
LSD BENTHIC
BI7 % Corophium Percent of sample that are corophium # corophium / sample population ? % sampling*
LSD BENTHIC
Benthic BI8 % Isopod Percent of sample that are isopods # isopod / sample population DECREASE % sampling*
Invertebrates o
. LSD BENTHIC
BI9 % Copepod Percent of sample that are copepods # copepod / sample population ? % sampling*
LSD BENTHIC
BI1O Number of Taxa Total number of species in sample Count species in sample DECREASE number sampling*
. " " . . LSD BENTHIC
BI11 % of MAX Number of Taxa Percent of BENTHIC taxa found in this sample relative to project MAX Number species in sample / project MAX DECREASE % sampling*
. . " . ” 1-D; D=[Sum(n*(n-1))]/ [N¥(N-1)]; n= 0-1increasing
Si 's index of d ity for littoral les taken at d tr LSD BENTHIC
BI12 Species Diversity (Littoral) impsan's index of diversity Tor cr:it:;veep samples taken at downstream number of cells by individual species, N = DECREASE diversity with sampling*
number of cells in sample increasing value pling
Count ber of individuals in littoral LSD BENTHIC
BI13 Littoral BENTHIC Population Number of BENTHIC individuals in littoral sweep samples at downstream sites ount number ot indivi ug S In ittoral sweep DECREASE number )
samples at downstream site sampling*
1-D; D=[Sum(n*(n-1))]/ [N¥(N-1)};n= 0-1 increasing
Si 's inds f d ity for benthi b les tak it d t LSD BENTHIC
Bl14 Species Diversity (Benthic) impson's index of diversity for eHSilzsgra samples taken at downstream number of cells by individual species, N = DECREASE diversity with sampling*
number of cells in sample increasing value pling
Count number of individuals in benthic grab LSD BENTHIC
BI15 Benthic BENTHIC Population Number of BENTHIC individuals in benthic grab samples at downstream sites untnu individu ) st nthic g/ DECREASE number )
samples at downstream site sampling*

Metric terms and acronyms are defined in Tables 10.8 and 10.9.

NONRTURE

LLC

831.426.9119 831.421.9023

2ndnatureinc.com

POTENTIAL BIOLOGICAL INDICATORS (PAGE 2 OF 3)

TABLE 10.3




aaNviIs3ada

Page 10.10

EXPECTED
D INDICATOR NAME DESCRIPTION CALCULATION RESPONSE TO UNITS DATA SOURCE
STRESSORS
FSH1 Steelhead Population Size Steelhead population size estimated from PIT tag recaps Mark and recapture DECREASE number LSD FISH SAMPLING
rl
Fop | Steelhead Fg:{‘::g‘h Growth Changes in steelhead forklength over time Mean (change in FL / time of recaps) DECREASE mm/day LSD FISH SAMPLING
FSH3 Tidewater Goby Presence Presence of tidewater goby in lagoon 1= present, O= absent DECREASE 0,1 LSD FISH SAMPLING
FSH4 Steelhead sunvival rate Presence of steelhead from previous season estimated from PIT tag Mark and recapture DECREASE number
recaptures
FoHg | Seasonal Steelhead Growth Rate Comparison of MAX and MIN steelnead growth rates MAX growth rate - MIN growth rate for each DECREASE mm/day LSD FISH SAMPLING
Comparison LSD
Steelhead Catch Unit Effort
FSH6 ceihea (Abisdapne;e) n o Total number of steelhead per number of seine hauls # steelhead / # seine hauls DECREASE number LSD FISH SAMPLING
FSH7 Steelhead (C;g:;:sesr)Umt Effort Steelhead biomass per number of seine hauls Steelhead biomass / # seine hauls DECREASE g LSD FISH SAMPLING
FSH8 FISH CZ:EC::;HUC:; Effort Total number of FISH per number of seine hauls # FISH / # seine hauls DECREASE number LSD FISH SAMPLING
Fish FSH9 FISH Ca}cB?O[::;SUSr;l( Effort Sample biomass per number of seine hauls FISH biomass / # seine hauls DECREASE g LSD FISH SAMPLING
FSH10 Rank Steelhead Disease Rank of average steelhead black spot infection (2005 data) 1= none, 3= light, 5= heavy INCREASE 1, 3, 5 ranking LSD FISH SAMPLING
FSH11 Coho Salmon Presence Presence of coho salmon in lagoon 1= present, 0= absent INCREASE 0,1 LSD FISH SAMPLING
FSH12 Number of Taxa Total number of species in sample Sum species in sample DECREASE number LSD FISH SAMPLING
FSH13 % of Max Number of Taxa Percent of FISH taxa found in this sample relative to project MAX Number species in sample / project MAX DECREASE % LSD FISH SAMPLING
. ¢
FSH14 FISH Biomass FISH biomass in sample Sum species biomass (sum of total number of DECREASE g LSD FISH SAMPLING
individuals * individual biomass)
1-D; D=[Sum(n*(n-1))]/ [N¥(N-1);n= range 0-1; increasing
FSH15 Species Diversity Simpson's index of diversity for sample number of cells by individual species, N = DECREASE diversity with LSD FISH SAMPLING
number of cells in sample increasing value
FSH16 Dominance (Biomass) Relative dominance of FISH species composition by biomass # taxa required to equal 90% total biomass DECREASE number LSD FISH SAMPLING
requif % |
FSH17 Dominance (Abundance) Relative dominance of FISH species composition by abundance :t:j:?ia:‘::"ed to equal 90% total sample DECREASE number LSD FISH SAMPLING
FSH18 Steelhead Catch Biomass Biomass of steelhead in sample Sum steelhead biomass DECREASE g LSD FISH SAMPLING
ET1 Primary Producers Food web energy transfer of SAV to PHYTO SAV % cover / PHYTO biovolume DECREASE ratio LSD PHYTO sampling
LSD PHYTO, ZOO
ET2 PHYTO to ZOO Food web energy transfer of PHYTO to ZOO Z0O0 biomass / PHYTO biovolume DECREASE ratio sampl‘\r;g
Energy Transfer ET3 Z0O0 to FISH Food web energy transfer of ZOO to FISH FISH biomass / ZOO biomass DECREASE ratio LSZaZrS;JI{nZSH
ET4 BENTHIC to FISH Food web energy transfer of BENTHIC to FISH FISH biomass / BENTHIC population DECREASE ratio Lsb Bs?\rg;\‘r(\:g FisH
LSD BENTHIC, FISH
ETS BENTHIC to FISH Il Food web energy transfer of BENTHIC to FISH FISH population / BENTHIC population DECREASE ratio S| sampl‘\:é S

Metric terms and acronyms are defined in Tables 10.8 and 10.9.
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Dyna mic Circulation Climate Nutrient Loading Lagoon Nutrients Bottom Water Salinity
Stressors [ auration duration | MAX MAX solar DIN4n [ DIN4n [ SRP-in [ DIN:SRP | DIN:SRP | NH4 conc | NH4:DIN | Siconc | btm MAX | duration SAL
BiOlOgical |ndicat0rs CLOSED MACRO wind radiation Load Conc Load sfc btm sfc sfc sfc SAL < 3 ppt
ID CIRC2 CIRC4 CL1 CL3 NU1 NU1.5 NU2 NU5S NU3 NU8 NU9 NU11 PH9 PH10
% Z00 food PP4 0.0005 0.01
# of groups PP5 <0.05 <0.05 <0.05 0.00002
Group diversity PP8 <0.05 <0.05 0.004
Dominance PP9 0.008 <0.05 <0.05
o
’ Species diversity PP21 <0.05 <0.05
# of taxa PP22 / 0.004 0.006 | 0.00001 \
# of diatom species PP24 <0.05 N\ 0.0003 | 0.00002 | 0.0002_I/
# chrysophyte species | PP26 <0.05 <0.05 <0.05 <O.Ci' <0.05
Aquatic Vegetation % SAV cover PP19 0.0006 <0.05 <0.05 | 0.0070 <0.0) <0.05 0.006
Community % macro algae cover | PP20 <0.05 <0.05 0.0004 0.007 <0.05 <0.05
% toerant species 2002 0.002 <0.045 0.003
# of taxa 7003 0.0009 0.00004 0.0009 0.0005 '
Z c Species diversity 7005 <0.05 <0.05 <0.05 <0.05
Dominance 2006 0.001 <0.05 <0.05 ’
Species diversity BI3 <0.05 <0.05 ’ 0.0007 0.00004
Benthic Invertebrate # of taxa BI10 0.008 ’
Community benthi o N
en |c.gra .spemes Bl14 0.003 I 0.0002 0.0004
diversity
Fish G Fish per unit effort FSH8 <0.05 0.003 0.001 <0.05 ’ <0.05
s
# of taxa FSH12 , <0.05 0.002 0.0001
Energy Transfer between Benthic to Fish ET4 <0.05 |0.000005
Trophic Levels
|
Graphic example of stressor-
indicator relationship presented
in Figure 10.1.
Dynamic Degree of Stratification Dissolved Oxygen Dynamics pH and ORP Dynamics
St TEMP SAL TEMP SAL duration DO <[ Daily DO | duration DO | duration DO | btm MIN | daily MIN | daily MAX | daily MIN | daily ORP
) . . ressors stratification | stratification | stratification [ stratification 3 mg/L stablity <5 mg/L <1 mg/L DO ORP pH pH stability
Biological Indicators D PH1 PH2 PH5 PHG cco cc7 ccs cco cc1s | ccie | cca7 | cois | ccio
% Z00 food PP4 <0.05 <0.05 <0.05 <0.05 0.0095 <0.05 0.0097
# of groups PP5 <0.05 <0.05
Group diversity PP8 <0.05 <0.05 0.001 0.004 <0.05 0.006 0.003 0.003
Dominance PP9 <0.05 <0.05 <0.05
C
° Species diversity PP21 0.009
# of taxa PP22
# of diatom species PP24 0.002
# chrysophyte species| PP26 <0.05 <0.05 0.0031
Aquatic Vegetation % SAV cover PP19
Community % macro algae cover | PP20
% toerant species 2002 <0.05 <0.05 0.007 <0.05 <0.05 <0.05 0.007 <0.05 0.0018 | 0.0001 <0.05
# of taxa Z003
Zooplankton Community [ o oy | zoos 0.0006 0.0006
Dominance Z006
Species diversity BI3 0.006 0.002 <0.05 <0.05 0.001
Benthic Invertebrate # of taxa BI10 <0.05
Community benthi N X
en .;iiamsypecles BI14 0.0008 0.003 0.005 0.0001 | 0.0004 0003 | 0.006 <0.05
Fish per unit effort FSH8 <0.05
Fish C
# of taxa FSH12 0.001 <0.05 0.002 <0.05 <0.05 <0.05 0.004 0.003
Energy Trarllsfer between Benthic to Fish T4
Trophic Levels

Table Key

Blank cells indicate p-value of Pearson’s correlation <95% confidence of rejecting the null hypothesis (p>0.05).
Grey cells indicate p-value of Pearson’s correlation 95% <p-value < 99% confidence (0.05<p<0.01).
Yellow cells indicate p-value of Pearson’s correlation >99% confidence (p<0.01) and calculated p-values are provided.

Unsuccessful metrics have been removed for simplicity. The Pearson’s correlation coefficent and associated p-
values were calculated for all of the dynamic stressors (Table 10.2) and biological indicators (Table 10.3). A total
4615 correlation tests were conducted. Statistically significant relationships to the 95% confidence interval
were noted (p<0.05, or a 95% confidence level that the relationship is not due to chance). ‘Successful’ stress-
ors display a range of values across CLEAP observations and have at least one strongly significant (p<0.01)
correlation to a biological indicator. Successful indicators are any that show at least one strongly significant cor-
relation to a dynamic stressor. Correlation graphics for each relationship were reviewed to ensure the data were
not heavily skewed by an outlier value.
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ORP variation and daily MIN prior to LSD

project MAX}] * (-1) + 1

value

Qualitative/
3 MAX stress
ID STRESSOR NAME DESCRIPTION Estimated/ CALCULATION UNITS DATA SOURCE
to biology
Measured
Number of conti CLOSED d
! ) CIRC2 # of days CLOSED umber ol continuous s MEASURED  [Sum Days CLOSED if LSD CLOSED days low value YS! depth data
Circulation prior to LSD
Regime Number of conti MACRO d i
g CIRC4 # of days MACRO to“f'SDe' ot continuous BSPIOT  MEASURED  |Sum Days MACRO if LSD MACRO days variable YS| depth data
CIMIS Pajaro and
CL1 MAX Wind Speed MAX daily wind speed MEASURED AVE (Daily MAX WIND SPEED prior to LSD)| mph low value DelLaveaga Weather
. Stations
Climate CIMIS Paj d
N N ‘ajaro an
oL MAX Solar Radiation MAX daily solar radiation MEASURED ’:)st(g)a”y MAX SOLAR RADIATION prior W/m? highvalue | Delaveaga Weather
Stations
Q measurements,
NU1 DIN-in Loading Daily DIN loading rate to lagoon MEASURED (Daily AVE Q * [DIN-in]) / LSA mg/ftz/day high value stream water
Nutrient sampling
Loading Q measurements,
NU2 SRP-in Loading Daily SRP loading rate to lagoon MEASURED (Daily AVE Q * [SRP-in]) / LSA mg/ftz/day high value stream water
sampling
Mol io of DIN to SRP in |
NU3 [DIN-btm}[SRP-btm] Ratio | 1013 ratio of DINto SRPin lagoon MEASURED  |AVE of station ([DIN-btm] / [SRP-btm]) ratio high value | LSD water sampling
bottom waters
. y . Q measurements,
NUS N:P In Ratio IE;a"y ratio DIN to SRP loading to the MEASURED  |DIN-in loading / SRP-in loading ratio high value stream water
goon sampling
Lagoon - —
Nutrients NUS Lagoon [NH,"sfc] Mean NH, concentration in lagoon MEASURED  [AVE of station [NH, -sfc] ug/L highvalue | LSD water sampling
surface waters
NU9 [NH,"-sfc]: [DIN-sfc] Ratio  |Fraction of [DIN-sfc] that is [NH, -sfc] MEASURED AVE of station ([NH,"-sfc] / [DIN-sfc]) ratio high value LSD water sampling
NU11 Lagoon [Si-sfc] M:f'e’: Si concentration in lagoon surface | -\ cxqirep  [AVE of station [Sisfe] ug/L lowvalue | LSD water sampling
Wi
Vertical water TEMP variation AVE(DIffSTDEV_TEMP / project MAX); range 0-1; increasing
PH1 Vertical TEMP Variation comparison between sfc and btm waters MEASURED DiffSTDEV_TEMP = ABS(STDEVsfCTEMP - stressor with increasing high value YSI TEMP data
prior to LSD STDEVbtmTEMP) value
Vertical salinit ati . AVE(DiffMAG_SAL / project MAX); range O-1; increasing
PH2 Vertical SAL Variation ertical salinity variations comparison MEASURED  |DiffMAG_SAL = ABS(AVESfcSAL - stressor with increasing high value YSI SAL data
between sfc and btm waters prior to LSD
AVEbtmSAL) value
. 0-1; increasing
Physical water| Vertical water column TEMP AVE {(DIffSTDEV_TEMP * 0.75) + range 0-1;
PH5 TEMP Stratification Stabilit MEASURED - stressor with increasin high value YSI TEMP data
column ¥ stratification stability prior to LSD (Diff MAG_TEMP * 0.25)) / project MAX} value J e
conditions -
Vertical water column SAL stratification AVE {(DIffSTDEV_SAL * 0.25) + range 0-1; increasing
PH6 SAL Stratification Stabilit) MEASURED - N stressor with increasin, high value YSI SAL data
Y |stability prior to LSD (DiffMAG_SAL * 0.75)) / project MAX} value e ¢
PHO Daily btm MAX SAL AVE of daily MAX btm SAL prior to LSD MEASURED  |AVE (Daily btm SAL MAX prior to LSD) ppt high value YSI SAL data
Number of days in 30 prior to LSD, AVE .
PH10 # of days AVE SAL <3ppt MEASURED  |Sum of days btm SAL Daily AVE <3ppt days low value YSI SAL data
v PPE | qaily btm SAL <3ppt Y Y PP v
N f hours YS| btm D L
cce # of hours DO < 3 mg/L pr‘i‘;‘r"zsrL‘;D ours YS! btm DO < 3 mg/ MEASURED  |Sum hours DO <3 mg/L hours high value YSI DO data
. . . . range O-1; increasing
. - Scaled DO value representing daily DO [AVE{((Daily DO MIN * 075) + (Daily DO L . .
ccr Daily DO Stability MEASURED stressor with increasin; high value YSI DO data
v y variation and daily MIN prior to LSD STDEV * 0.25)) / project MAX}] * (-1) + 1 value e e
. N f hours YSI btm DO < 1 mg/L
Chemical cco # of hours DO < 1 mg/L p:;:tierOSD ours YS! btm DO < 1 me/ MEASURED  |Sum hours DO < 1 mg/L hours high value YSI DO data
water
diti CC15 AVE btm DO MIN AVE of daily DO MIN prior to LSD MEASURED __[AVE (Daily DO MIN prior to LSD) mg/L low value YS| DO data
conditions cCl6 'AVE daily MIN ORP 'AVE of daily ORP MIN prior to LSD MEASURED __|AVE (Daily ORP MIN prior to LSD) mv high value YSI ORP data
CC17 AVE daily MAX pH AVE of daily pH MAX prior to LSD MEASURED AVE (Daily pH MAX prior to LSD) pH value low value YSI pH data
CC18 AVE daily MIN pH AVE of daily pH MIN prior to LSD MEASURED AVE (Daily pH MIN prior to LSD) pH value high value YSI pH data
. . [AVE{(((Daily ORP MIN - project MIN) * range O-1; increasing
cc19 Daily ORP Stability Scaled ORP value representing daily MEASURED  |075) + (Daily ORP STDEV * 0.25)) / stressor with increasing high value YSI ORP data

Metric terms and acronyms are defined in Tables 10.8 and 10.9.

The details of the ‘successful’ dynamic stressors presented in Table 10.4. These ‘successful’ dynamic stressors rep-
resent a range of values across lagoons and statistically correlate (p<0.01, or a greater than 99% confidence level
that the relationship is not due to chance) to at least one of the powerful biological indicators (Table 10.7).
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Table A. Correlations between static stressors and successful dynamic stressors.
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. Watershed Land Use
Static population septic %
Stressors density density impervious
Dynamic Stresssors ID LAL LA2 LAG
Circulation duration CLOSED CIRC2 <0.05
regime duration MACRO CIRC4 0.004 0.006 0.0004
B DIN-in Load NUT <0.05 <0.05
Nutrient D