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Executive Summary

This report summarizes water quality data collechating the water years 20@B and 2008)9.
Partial data from WY20008 was reported in the first annual water quality report which was
prepared in July 200&nd isincluded in this report as welData in this repoiitcludes the
entire period of program monitoring arsdsummarized by watsrear, so WY 207-08 results
reflectpartial wateryear results from December 2007 through the end of September RAGS8.
for WY 200809 includes all dataoveringthe entire wateyear(October 1, 200&eptember 30,
2009)

Monitoring methods followed the approved protocol contained in the project Monitoring Plan
(MP) and Quality Assurance Project Plan (QAPP) (Carson, 20@mMpl8$g includes collection

of bothfield and lab measured water quality parameters. Core parameters measured in the field
include temperature (air and water), dissolved oxygenspetkific conductance, salinity and
discharge where availablé_aboratoryanalyzed parameters include pathogens (total and fecal
coliform bacteria), nutrients (ammonia, nitrate, total Kjeldahl nitrogen (TKN), total phosphorus
(TP), and sediment parameters (turbidity and total suspended sediment (TSS)

The data is presented ajor subwatershed, or by groups of sites in the case of the Bay sites
and the eastaind westshore coastal drainages.

The first two years of monitoring occurred during relatively dry years, with a recorded
cumulative precipitation value for water y&f108 (WY08) of 31.55 inches, aBd.74 inches for
water year 2000WY09). The 3Qyear average rainfall at the reporting stai®87.5 inches

(with a low in 1977 of ~17 inches, and a high of ~82 inches in 1988.longterm trends
monitoring prograntollected data from 11 tributary sites, and four bay sites during weekly wet
season site visits (October or November through April), and tmimethly site visits during the
dry season (April through October or November). During WY08, most tributarystes
sampled during 28 visits (those tributaries with intermittent flow resulted in fewer samples).
During WY09, most tributary sites were samptkaing 33 visits (fewer at intermittent streams).
Bay sites were sampled at least 24 times in WY 08aauhd13 times in WY09 due to logistical
constraintof sampling partners

Results show that there are elevated levels of pollution in watershed tribufEiieeparameters

of greatest concern are those for which there are either Regional Water Quality Boatdo
(RWQCB) water quality objectives or Environmental Protection Agency (EPA) Clean Water Act
impairment listings (303d list). The former include pH and dissolved oxygen (DO). The latter
includes pathogens, nutrients and sediment for Lagunitas kdker Creek and Tomales Bay
itself.
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In Tributary sites, samples met the RWQCB DO criteria (7.0 mg/L) in 93.1% of samples, and
met the RWQCB pH criteria (>6.5 and <8.5) in 97.01% of sam@esnparatively, asites in
Tomales Bay63.83% of samples mdte RWQCB criteria for DO an®l7.87%of samples met

the pH criteria For pathogens, the tributary sites exceeded the ssagiple RWQCB objective
of 400 MPN/100mLin 33.9% of samples, and exceeded t#safmple geometric meari 200
MPN/100mLin 47.5% ofsample. At Tomales Bay sitemly 11% of samples exceeded the
singlesample objective, anahly 9.8% of samples exceeded thedimple geometric mean
objective.

Observed nutrient levels in the watershed were low, entit one percent odll tributary aml
Bay samples having detectable ammonide table below summarizes nutrient results for
groups of tributary sites and Tomales Bay sifElse results show that organic nitrogen is the
largest nutrientonstituentin the watershed.

Table A - Summary of Mean Nutrient Results from Tributary and Tomales Bay Sites

Water | Number | Mean Nitrate (NO3) | Mean Total Mean Total
Year of as N (mg/L) Kjeldahl Phosphorus
Samples Nitrogen (mg/L)
(mg/L)
Tributary WYO08 280 0.27 mg/L 0.42 mg/L 0.11 mg/L
Sites WY09 | 306 0.28 mg/L 115 mgiL | 0.08 mgiL
Bay Sites WY08 96 0.13 mg/L 0.46 mg/L 0.12 mg/L
WYO09 74 0.34 mg/L 0.86 mg/L 0.09 mg/L

The turbidity levels in the watershed &eavily driven by storms and runoff eveatsoth

tributary and Bay sitesBay sites had a@an turbidity of 5.76 NTU (n=92) in WY08 and 4.58
NTU (n=65) in WY09. Tributary sites had a mean turbidity of 5.03 NTU (n=262) in WY08 and
4.92 NTU (n=273) in WY09. The observed drop in mean turbidity may likely be due to the
much lower streamflows obsexd during the 20089 water year.

There was no sampling as part of the Source Area program during WYO09 due to the state
funding freezeon all bondfunded grants Subwatersheds identified previously will be sampled
during WY10.

Outreach activities inalded presentations at several conferences, publication of our annual
newsletter, and maintenance of ourlime water quality data resource. Education activities
included participationn the watershed educatigrrogram at West School.

Tomales Bay Watershed
Council Foundation
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Introduction

Watershed Description

Located in western County, California, approximately 40 miles northwest of San Frarwsco, t
Tomales Bay Watershashcompasses almd20-square miles bounded by the slopes of Mt.
Tamalpais to the south, the Inmess Ridge to the weahd theagricultural lands to the east.

Tomales Bay itself is an approximately 12 miles long flooded valley, covering 10.8-snjilese
straddling the San Andreas Fault. The bay is less than a mile wide, and has an average depth of
less than 20 feeRWQCB 200).

Most of the freshwater delivered to the bay originates in two major sub watersheds, Lagunitas
Creek and Walker Creek. The 83.1 squarke Lagunitas Creek watershed, which includes San
Geronimo Creek, is the largest swhtershed to Tomales Baynd, together with the 14.7

squaremile Olema Creek watershed, delivers nearly-thicds of the freshwater input to the

bay, despite representing less than 50% of the watershed area (Fischer, et al 1996). The second
largest drainage is the 75.5 squaniée Walker Creek watershed to the northeast of the bay. The
Walker Creek watershed, which includes Keyes, Chileno, Sausal, Salmon and Arroyo Creeks,
makes up about 35% of the Tomales Bay watershed area, but produces about 25% of the
freshwater delivery tthe bay (Fischer, et al. 1996 he approximately 10% of remaining

freshwater input is delivered by the small drainages that line the east and west shores of the Bay.

In addition to three sampling locations in each of the two largest watershetsntakes Bay
Watershed Council (TBWC) sampling longterm water quality trends in two eastorecoastal
drainages, and two weshorecoastaldrainages.Figure 1 shows the sub watersheds that are
included in longterm monitoring. The Millerton Gulch weershed drains a 3.7 squangle area

on the lower eastern shore of the bay. And angfase reference tribaty drains an argast

over Q4 squaremiles that has minimal human or agricultural activities. The First Valley Creek
watershed is 0.80 squamiles and is representative of the small coastal drainages along the west
shore of the bay with perennial flow originating from springs anetifgqgfrom the Inverness

Ridge. The White Gulch drainage provides a reference tributary for the west stiwday.
Draining only0.34squaremiles, the White Gulch sub watershed runs through the Tomales Point
Tule Elk reserve, with minimal human impacts or activities.

Tomales Bay Watershed 2009 Annual Water Quality Report page 7
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Figure 1i Trends
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Background
The first goal identied in the TBWC Watershed Stewardship Plan (TBWC 2003) adopted in

2004 was to "Ensure water quality in Tomales Bay and tributary streams is sufficient to support
natural resources and sustain beneficial uses." This goal is central to the past and current
activities and interests of the TBWC and its members.

In order to best identify future restoration needs, trends in water quality, and sources of nonpoint
water pollution, TBWC is currently assessing surface water quality throughout the watershed
throudh this program. TBWC also provides a clearinghouse for regional water quality data,
collected by member and outside agencies and groups leading to compilation and analysis of all

Tomales Bay Watershed 2009 Annual Water Quality Report page 8
Council Foundation



available data to provide the "big picture” that is necessary to infornesomnce management
decisions and prioritie@BWC 2007)

A number of federally and state endangered [FE] [SE] and threatened [FT] [ST] species have
historically or recentlypoeen documented in the watersh&teshwater systems within the
watershed suppod variety of protected species including the California freshvgarémp
(Syncharis pacifica)FE], coho salmorOncorhynchus kisutchFE/SE], steelhead trout
(Oncorhynchus mykiss) [FTand he California redegged frog(Rana aurora draytonii)FT].
Saltwater, or brackish systems in the watershed support the tidewateffgayglogobius
newberryi)[FE]. Avian species occurring in the watershed that are listed as threatened or
endangered include the California clapper {@allus longirostris obsoles)[FE; SE],

California brown pelicaifPelecanus occidentalis californicis)F E, SE] , Least Bell
(Vireo bellii pusillus)[FE, SE], American peregrine falc§Ralco peregrines anatunj$E],
California black raiLaterallus jamaicensis coturniculuST], bank swallow(Riparia riparia)

[ST], and sandhill cran@Grus Canadensis tabidd$T]. (NPS 2007)

In addition to theoccurrencef threatened or endangered species in the watershedqlseatar
resources are listed/ibhe Regional Water Qualityddtrol Board (RWQCB) as impaired under
Section 303(d) of the Clean Water Act. These listings imply that the listed water resources
consistently fail to meet water quality standards set to ensure continuation of beneficial uses in
these waters.

Beneficid uses of water bodies in the Tomales Bay watershed include contact acdnact

recreation, fish spawning and migration, cold freshwater habitat, and wildlife habitat. Water

guality also has a direct impact on several other resources including eualtsr, mariculture,

federal and state protected stream species and fish assemblages, amphibians and reptiles, riparian
habitat, wetlands and aquatic macroinvertebrates.

The impairment listings under Section 303(d) in the watershed include: Tomg|dsted as
impaired bypathogens, nutrients, sediment and mercury; Lagunitas Creek (including the Olema
Creek watershed), listed as impaired by pathogens, nutrients and sediment; and Walker Creek,
listed as impaired by pathogens, nutrients, sedimentrandury. There is currently a Total
Maximum Daily Load (TMDL) plan in place for the watershed addressing pathogen
contamination.

Theoccurrencef specialstatus species, and the listing of encompassed watersheds as impaired
in Section 303(d) of the G| Water Act underlines the importance of collecting and analyzing
water quality data from the watershed as a whole to allow the evaluation g@élfomgvater

quality trends, and the positive or negative impacts of our activities in the watershed.
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Program Overview

Funding Program: Funding for this projecivasprovided through the SWRCB Prop. 50
Coastal Nonpoint Source Pollution Control. Grant Agreement numbk&484652-0 through
December 17, 2008. Funding for the project was restored through the SBRIEBRevolving
Fund (SRF) Project No.-06-6926110, Agreement No. 8804-550-0 starting on December 18,
2008.

Program Description: The Tomales Bay Watershed Council Foundation (TBWCF) and Point
Reyes National Seashore Association (PRNSA) are collabgrati this project to integrate the
restoration of the Giacomini Wetland awdter qualitymonitoring to reduce and eliminate
existing threatsandto identify emerging threats that face this critically important watershed.
Tomales Bay and its watersheda precious Pacific Coast ecosystem at risk from existing and
emerging threats. By nesting a major restoration effort within a comprehensive monitoring
program, this project employs an integrated strategpptioimprove water qualityand toassess
theeffectiveness of restoratiaffortsin improving watequality at the watershed scaléhe
information collected during this program will inform future restoration activities and priorities.

Program goal: This integrated restoration and monitoring progssakgo determine long

term trends and to characterize and reduce threats to water quality and critical habitats in the
Tomales Bay Watersheds well as to assess the impacts of the Giacomini Wetlands Restoration
Project (GWRP) on water qualitydased o the information gathered through this monitoring
program, the Council will work to identify water quality problems, to develop solutions to these
problems, and to provide support to realize these solutions by working with partners and
landowners in the atershed to improve and protect water quality.

It is the desire of the Council to provide needed water quality information that will assist
individuals, organizations and agencies that are responsible for and/or advocating for water
quality protection athimprovement within the Tomales Bay watershed. The information

collected through this program will ultimately be used to increase our collective understanding
about the benefits of specific efforts to improve water quality, and our ability to effecively
adaptively manage human impacts on water quality. Data sensitivity is a significant concern
amongst both public agencies and various stakeholder groups, and the appropriate use of data,
data limitations, etc. will be defined prior to the collectaom/or dissemination of any program

data. Private property rights will be recognized, statutory responsibilities will be maintained, and
voluntary cooperation will be encouraged and protected with data sensitivity considerations.

A complete program desption, and more detailed information about methods can be found in
the project Monitoring Plan and Quahlfssurance Project Plan (Carson, 200hese
documents, and other program reports are available on our website at
http://www.tomalesbaywatershed.org

Tomales Bay Watershed 2009 Annual Water Quality Report page 10
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Program Objectives

The Monitoring Plarprovides direction for a water quality monitoring programhvain initial 3

year timeframe. Restoration of funding and changes to funding contracts will ladow t
continuation of this program, in some form, through December 2013. It is envisioned, however,
that monitoring of longerm water quality trends the watershedill continueindefinitely.

Water Quality Monitoring Project (WQMP) Objectives:

T

Providethe watershed community with the required data and analysis to determine
improving, constant, or declining trends in bay and tributary water quality;

Form and maintain a clearinghouse of water quality data and monitoring activities that
facilitates effectre and efficient use of limited resources;

Serve as source of information that virifform and promote actions to improve water
quality; and

Provide an understanding of source areas and categories for constituents of lbatficern
in the bay and on a swatershed and/or tributary scale.

Giacomini Wetland Restoration Project (GWRP) Water Quality Monitoring Objectives:

These objectives addrets® water qualitymonitoring of the GWRP. For a complete assessment of all
long-term monitoring objectives of tH&WRP, see complete project literature, including Parsons (2005).

T

Provide strategic water quality monitoring before, during, and after a phased restoration
effort to determine the shend longterm effects of restoration on water quality within

the Progct Area and on the amount of contaminants delivered to Tomales Bay.

Compare water quality conditions in the Project Area before, during, and after restoration
to those of natural undiked tidal marshes in the Tomales Bay and adjacent watersheds to
determire the degree of divergence prior to restoration and how well over time conditions
in the restored Project Area move toward those of natural marshes after restoration.

Questions to be addressed by this monitoring program:

A.

T

Questions to be addressed bhe TBWC monitoring program:

What are the natural ranges and the steeasonal and annual variabilitiesvater

guality parameters in the Bay and its tributaries?

At what locations do parameters fall outside the natural range and to what duration and
extent?

1 What are the pollutant loadings from controllable and uncontrollable sources and in the
watershed, and how do the Bay and tributaries relate in this regard?
Tomales Bay Watershed 2009 Annual Water Quality Report page 11
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1 What are the trends in the levels, fate and transport of pollutants in the watersheeal and t
Bay, and how do the Bay and tributaries relate in these regards?
1 How effective are actions to reduce pollutant loads?

B. Questions to be addressed by GWRP water quality monitoring:

1 What is the response to restoration activities with respect to nutpatitegen indicators
and carbon/productivity indicators?

1 Over time, do conditions within the restored Project Area improve relative-to pre
restoration conditions, and do they begin to move closer toward those in natural undiked
tidal marshes in the Tomal8sy and adjacent watersheds?

1 Does restoration of the Giacomini wetlands appear to have an effect on the quality of
water delivered downstream to undiked natural marshes and Tomales Bay?

Program Summary

Project Milestones

Importantmilestonedor this progct

May 20071 Prop. 50Grant Contract finalized with the TBWCF

September, 200i7 Contractomwashired by TBWC to prepare program documentation, and
implement monitoring.

October 2007 Completed and received approval from SWRB for project documentation,
including project Monitoring Plan (Carson, 2007), and project Quality Assurance Project Plan
(Carson, 2007)

November, 2007 Received approval to begin sampling

December, 2007 Begansamplingfor long-term tends monitoring projecand two sourcarea
sub-watersheds

December 2008 Project funding was suspended during the state fiscal cBsisipling at long
term Trends sites continued during the funding suspension.

June 2009 Project funding was restored through the @B State Revolving Fund (SRF).
Funding restoration was retroactive to December 18, 2008.

Long-Term Trend Monitoring

Trend monitoring will generate water quality data of sufficient duration and representation to
assess lonterm shifts in water quality within Tomales Bay arstitoutaies. There are
numerous stakeholder efforts to manage sources of pollution for which feedback is needed to
assess impacts and the effectiveness of restoration efforts. There are also regulatory and
statutory needs for loagerm trend water quality monitog. This component of the monitoring

program will give the watershed community the needed benchmarks to determine the success of

management efforts and efficacy of regulatory policies.
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Parameters

Thewater qualityparametersollected as part of tHeng-term Trends monitoring include core
field parameters: temperature, conductivity/salinity, dissolved ox{g€r) and pH; fecal
indicator bacteria: total coliform@C), fecal coliformg$FC), nutrient parameters: nitratOs),
ammonia(NH3), organic nitrgen, total phospirus andsediment parameters: turbidaydtotal
suspended solid9'SS) Water quality parameters collected for the Source Area program will
include the core field parameters listed above in additipatameters of interest for target
subwatersheds. These additional parameters may include metals, oil and greas@/alatller
Organic Compounds/(O C) Fecal indicator bacteria for the Source Area program will be
measured through total coliform and E. coli MB&ingdefined substratmethods Nutrient and
sediment parameters will be the same as the Trends program.

I n addition to these water quality parameters
v ar i avbrécellected. These include tidal stage, discharge, cuivelprecipitation, and

others. Because discharge measurements are often time consamdiage problematic during

both high and lowflow conditions use of existing streaigauging stations, rating curves,

installation of staff plates and estimatesloifareused wher@appropriate. Analytical methods

will follow accepted procedures such as those outlined in the Standard Methods for the

Examination of Water and WastewatBa{onet al.,2005 as outlined in the program QAPP.

A description of target pameters, and their significance for water quality and ecosystem health
are detailed below.

Field Parameters
Field measurements made by this program are standded quality parameters recommended
for monitoring by both the US Environmental ProtectiageAcy (EPA) and the US Geological
Survey (USGS). These parameters are cracigbnlyto describen-situ environmental
conditions, but also to determiokemicalcharacteristics of laboratognalyzed parameters.

Temperature 1 specifically water tempature is critical for the reproduction and
survival of coldwater fish, amphibian and benthic invertebrate species that are present in the
watershed. The thermal tolerance ranges for coho salmon-a@&detjrees centigrade, while
steelhead trout can rlate warmer temperatures ranging fronr213egrees centigradédeal
temperatures for rearing juvenile coho salmon ranges frerbdegrees C (Armour, 1991).
Temperature also has important implications for dissolved oxygen levels in the watéoyweith
temperatures able to store more oxygen for use by aquatic organisms. Temperature also plays a
role in both pHand the level of toxic uionized ammoniaHigher temperatures resirt higher
amounts of the toxic ammongmdandlower pH values.

Conductivity T is themeasurement of the ability ains in an aqueous solution to carry
electrical currentlue to the levels of dissolved salti$ is essentially an estimate of dissolved
ionic Apollutiono in a sampl ercentimRtergu®/tnt).s ar e r
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Specific Conductance is defined as the conductivity normalized-tbe@fees centigrade. This

value is the standard reporting value because it can be compared across samples without

knowing the water temperature. This value is ased to calculate and report a value for

salinity. Elevated conductivity is indicative of a significant salt source and, because of osmotic
processes, has implications for aquatic organ
their bodies.Conductivity in streams is affected primarily by the geology of the #reaugh

which the water flows, depending on whether the subsicet® or doesot ionize (dissolve into

ionic components) when washed into the water.

Dissolved Oxygeri is a measure dhe oxygen available in the water for aquatic
organisms, and is reported as a concentration (mg/L) or as a percent saturation (%). The oxygen
levels are highly dependent on water temperature with warmer water able to hold less oxygen
than colder waterAnother factor that affects the level of oxygen in water iduhaulence of
flow, with riffles and falls increasing the atmospheric oxygen introduced into the water column.
The RWQCB s Basi n Pl arestgblRWQvaERr gdaltyobjectives forrmmeand
cold water habitat at 5.0mg/L and 7.0 mg/L, respectively.

pH i is a measure of the acidity or basicity of a solution. Itgeoay measure for the
activity of hydrogen (H) ions in the solution, and is measured relative to standard solufions o
known pH. The pH of water bodies has significant implications for natural chemical processes
For example, under low pH conditions, toxic elements such as aluminum are more easily leached
into the water from surrounding soils. pH also plays an importde in ammonia chemistry,
with lower pH values leading to the conversion of ammor(iNH,") to more toxicun-ionized
ammoniaNH3). The RWQCB6s Basin Plan (RWQCB 2007) es
objectives for pH as Less than 8.5 and greater than 6.5.

Laboratory Parameters
Laboratorysamples analyzed by this program focus on constiteétsncern for the
watershed. Namely, those related to the 33ddClean Water Act impairments in the
watershed: bacteria, nutrients and sediment.

Bacteriai Certain types of bacteria (like coliform bacteria) are used as indicators of
pathogenic bacteriglontamination in water sample$he ®liform bacteriaare ubiquitous in the
environment, even growing in soils. Fecal coliform bactgrav only in the intesthal tracts of
mammals.While most coliform are harmless, the levels of Total Colif¢TC) and Fecal
Coliform (FC) @ subset of TTare used aan indicatorfor the potentiapresence obther
pathogenic, diseasgusing bacteriaSamples are analyzed bylturing any TC/FC bacteria
present, counting the number of colonies, and using statistical modelseiate &ost
Probable Number (MPN) of bacteria present in 100mL of sample wBéause it is an indirect
measure of potential threat to human tiedécal coliform bacterigs widely-acknowledged to
be an nadequate method for identifying levels of pathogens in wat#rile new methods of
determining source organisms and direct pathogen detection are emerging, they remain
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inconsistent and probitively expensive at presenff he RWQCBG&s Basin Plan (
established numeric objectives total and fecal colifornbacteria in surface waters based on

three beneficial uses: Contact Recreation,-Sontact Recreation and Shellfish Harvesting.

(see table 1 for numeric targets).

Table 11 Beneficial Uses Coliform Bacteria Criteria (RWQCB, 2007)
Beneficial Use Total Coliform (TC) Fecal Coliform (FC)

Contact Recreation Median: <240MPN/100mL Log mean <200MPN/100mL*

No sample >.0,000MPN/100mL | 90" Percentile 400 MPN/100mL

Non-Contact Recreation Log mean < 2,000 MPN/100mL

90" percentile < 4,000 MPN/100m

Shellfish Harvesting Median <70MPN/100mL Median < 14 MPN/100mL

90" percentile < 230MPN/100ml 90" percentile < 43 MPN/100mL

*Based on fve consecutive samples equadlyaced in time.

Nitrate (NO3)i is the most common form ofitnogen found in surface waters. Itis
essential to biotic production. Depending on the system, either nitrogen or phosphorus is the
nutrient limiting primary prodctivity. When there is an excess of nitrogen is present, increased
production of algae or other aquatic plants may reSMhere algal blooms occur, the
productivity leads to supesaturated levels of dissolved oxygen, as the algae die, their
decompositbn consumes most of the oxygen in the system, leading to fish kills. Nitrate is very
responsive to storm events, being mobilized by runoff from sinks such as fertilized areas, ponds
or lagoons and being delivered to surface wat€rse State of Califora has no established
numeric water quality criteria for nitrate in surface watarsl the US EPA hastablished a
numeric criterioronly for human consumptioof nitrate at 10mg/L Results from nitrate
analysis are reported as mg/L atidgen enablinghe comparison of nitrogen levels across
chemical forms of nitrate, nitritfd KN and ammonia.

Ammonia (NH3) T is another important natural form of nitrogen. Most ammonia in
aquatic systems occurs i ng4,ibtttedpeiatorendgdied (or ch
conditions control the conversion to the more toxigamzed form of NH. For example, at
15°C and pH 7.0 only 0.3% of total ammonia isianized, while at pH 9.0, the tionized
ammonia is 21% of the total. High levels ofionized ammoniasi directly toxic to aquatic
organisms, and, as it is converted to nitrate, it consumes dissolved oxygen in thedwvatselya
affecting aquatic life The RWQCB6és Basin Plan (RW@dB 2007
ammonia in surface waters as anuwaimedian <0.025 mg/as N and <0.16 mg/L as N in
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estuarine watersResults from ammonia analysis are reported as mgiitrofyen enabling the
comparison of nitrogen levels across chemical favfrstrate, nitrite, TKNand ammonia.

Total Kjeldahl Nit rogen (TKN) i is the sum of organic nitrogen and ammonia in the
sample. By adding TKN and nitrate/nitrite results, the total nitrogen can be calculaere.
are no numeric water quality criteria established for TKN in surface wdRasults from TKN
analysis are reported as mg/L of N, enabling the comparison of nitrogen levels across chemical
forms of nitrate, nitrite, TKN and ammonia.

Total Phosphorus (TP)i is a measure of the total phosphorus (P). Phosphorus is an
essential element for primary pretivity, and, like nitrogenganbe the limiting elemerin the
environmen{i.e. the availability of phosphorus governs the rate of growth of many organisms).
There are no numeric water quality criteria established for phosphorus in surface lwaters, s
presence in abundance can be an indication of pollution.

Turbidity T is a measure of the clarity of a water sample. It is a proxy for the amount of
suspended solids in a water sample and is determined by measuring the light transmission or
visibility through a disturbed sangpl Turbidity is reported in nephelometric turbidity units
(NTU). A correlation between turbidity amnotal suspended solid$$S can be developed for a
stream, making quantification gediment pollution easiecR WQCB 6 s |81waRMQGB P
2007) does not establishu mer i ¢ criteria for turbidity, but
free of changes in turbidity that cause nuisance weradly affect beneficial usiés

Total Suspended Solids (TSS) is a measure of the totakight of solids suspended in a
water sample. A water sample is filtered, and the dry weight oflthenfil (or residuen the
filter) is totaled to determine TSS in mg/L. Both turbidity and TSS are measures of the sediment
or other suspended materialssurface water. Elevated sediment levels can impact aquatic life
in two ways Extremely high levels can clog fish gills, or cover gravel spawning beds,
suffocating both fish and egdsong-lasting turbidity can affect the ability of aquatic organisms
to feed. The RWWMBBE207Bdaes hohest&lisanmeric criteria for TSS,
but st at es Thelsespehded sedimant loagl and Suspended sediment discharge rate
of surface waters shall hbe altered in such a manner as to cause megsar adversely affect
beneficial uses. o

Sampling Frequency and Duration

Trend samplingvas conducted onweekly basis during the rainy season (late Fall, Winter and
early Spring), and twice monthly during summer base flomddions. Duringhefirst year
(200708) of monitoring, weekly monitoring began on Decembg&r2D07 and continued

through April 8, 2008. Twice monthly monitoring was conducted from April 22, 2008 through
the end of the water year (Sept. 30, 2008)r the current water yearq@8-09), twicemonthly
sampling continued from October 1, 2008 through October 28, 2008 s&&sbn, weekly
sampling began on November 4, 2008 and continued through March 31, 2009-miomitey,
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dry season sampling resumed on April 7, 2009 and contitwedgh the end of the water year
(September 30, 2009)Weekly sampling more accurately captures changing conditions during
the storm season and allows for a moviageek geometric mean for bacteria to be maintained.
Dry season conditions have muckdevariation, and sampling every two weeks provides
adequate data for analysis.

Sampling Locations

Trend sampling was conducted at 11 tributary sites in the watershed, and 4 bay sites along the
longitudinal transect of Tomales Bayributary sites areolcated at the lower end of tributary
watersheds, often just upstream of their discharge to Tomales Bay, or to dependentBtreams.
to logisticallimitations of partners sampling in the Bajata collection for inney mid- and
outerbay sitesvas limitedto oncepermonth samphg on the first Tuesday of each morgthis
sampling is concurrent with California DPH Shellfish Program samplikigny sites were
selected due to their inclusion in previous momigefforts through the RWQ&Epathogen

TMDL, and NPS water quality program. @&lexistence of this legacy data, and its incorporation
into our water quality databaseill enable longeiterm inference of water quality trends than
could be accomplishdaly the data generated bys program alone.

Figure 27 Trends Monitoring Sites

5800 2,900 5,800 Meters
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