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EXECUTIVE SUMMARY

The purpose of thisreport is to evaluate aternative intake technologies for the possibility of cost-
effectively lowering potential effects of the Moss Landing Power Plant’s new combined-cycle
(CC) units cooling water intake structure (CWIS). The new CWIS has been redesigned to reduce
impingement effects of the existing Units 1 through 5 intake structure by lowering approach
velocities, by installing modernized, angled rotating fish screens, and by removing a forebay tunnel
that previous to 1996, trapped fishes and invertebrates. Entrainment effects of the existing CWIS
will be significantly and directly reduced by the new units 34 percent reduction in intake cooling
water flow capacity. This reduction combined with the results of the 1999-2000 entrainment field
sampling leads to a projection of low entrainment impacts. An unidentified species group of
gobies accounts for 53 percent of all the larval fish that will be entrained by the new CWIS. Our
analysis of CWIS effects on thisfish is complete. Only 7 other taxa (species and groupings of
species) of fish combined with the unidentified goby make up 95 percent of all the entrained
number of fish larvae. The projected fractional losses of these species to the new CWIS and
combined MLPP entrainment are low due to their source water abundance. The CWIS withdraws
water from a source of inherently low species diversity.

The report contains the completed assessment of aternative intake technologies. Based on
available technologies and the relatively low entrainment and impingement impacts projected for
the new CWIS, the redesigned CWI S represents best available technology for the site. The new
traveling screens will lower screen approach velocities and operate to more consistently remove
debris, reducing impingement rates that are caused by entanglement. Remaining low potential
effects or other uncertainties associated with projected CWIS effects will be addressed as
necessary by appropriate measures now being discussed with regulatory and resource agency
representatives. Duke has proposed a number of environmental enhancement measures to address
these uncertainties.

The field studies and data analyses for the proposed modernization project followed the 316(b)
Study Plan developed in coordination with the Technical Working Group established under the
auspices of the Regional Water Quality Control Board. Findings of the completed 316(b)
Demonstration resource assessment are presented graphically in the report, using the results of
our 1999-2000 field studies. From these site surveys of weekly daytime and nighttime
entrainment, and monthly source water larval fish concentrations, we have found that:

Only eight taxa of larval fishes made up 95 percent of entrained larvae. The intake location is
in an area that has naturally low diversity, typica of bays and doughs, unlike the myriad of
species found in Monterey Bay’s marine habitats,
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Gobies (Family Gobiidae) comprised the overwhelming majority of this 95 percent,

Three species of fish (Pacific herring, white croaker, and Pacific staghorn sculpin), having
some commercia or recreational value, individually represented 5 percent of the eight taxa or
Species,

The proportional entrainment estimates were relatively low for all species analyzed; below

standard fishery management practices for sustainable harvests of atota stock especially
when referenced to total populations,

Thisyear’s entrained larvae are essentialy the same composition, abundance, and distribution
of last year’ s taxa collected at the beginning of our 12-month entrainment study, and

Our results are generally similar to the previous MLPP 316(b) Demonstration’ s finding of low
potential impact and best available intake technology.

Cancer spp. megalops concentrations collected from the same surveys of weekly daytime and
nighttime entrainment, and monthly source water have shown that:

Six species of cancer crab megalops and unidentified cancer megal ops were collected in
entrainment surveys at the new CC units intake,

Four of these crab species (dungeness, brown rock, red rock, and yellow rock) have
commercia importance,

The most abundant cancer crab (hairy rock crab) collected has no commercia value,

The proportional entrainment estimates were low for all species that could be analyzed.
However, the estimates were typically based on asingle survey PE vaue, and

The number of adult crabs that might have resulted from the entrained megal ops was low
based on Fecundity Hindcast (FH) model results.
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A summary of the estimated entrainment effects from March 1999 through February 2000 of the
new combined-cycle units for the most abundantly collected fishes and cancer crabsiis presented

below. These values are based on analyses using the Empirical Transport Model (ETM), and the
Fecundity Hindcast (FH), and Adult Equivalent Loss (AEL) models.

Total Entrainment FH AEL ETM® ETM®
Unidentified gobies 2.7 x 108 300,000 * 0.026 0.107
Bay goby 1.5x 108 * 1,045,588 0.039 0.21
Blackeye goby 1.6 x 10’ 1,825 16,636 0.043 0.075
Longjaw mudsucker 8.0 x 10° 497 10,247 0.052 0.089
Hypsoblennius spp. 1.7 x 10’ 9,086 * 0.111 0.182
Pacific herring 4.4x 10° 235 243 0.129 0.134
White croaker 8.6 x 10° 270 * 0.016 0.129
Pacific staghorn * * * 0.036 0.118
sculpin

Total Entrainment FH ETM® ETM®

Hairy rock crab 1.7 x 108 1,039 0.018 0.17
Yellow rock crab 0.5 x 10° 131 * *
Brown rock crab 0.8 x 10° 209 * *
Dungeness crab 0.3x 10° 167 * *
Red rock crab 0.2 x 10° 60 0.041 0.041
Slender rock crab 1.7x 107 239 0.025 0.079

*Unavailable information or value that could not be computed.

(8 ETM values calculated using source water volumes 275, 21, and 2.2 m® x 10°.

(b) ETM values calculated using source water volumes 21, 21, and 2.2 m* x 10°.

Impingement studies reported in the previous 316(b) Demonstration showed that:

The three most abundantly impinged fishes (northern anchovy, shiner perch, and topsmelt)
were impinged at higher rates at the Units 1 through 5 intake than at the Units 6 and 7 intake,

The mgjority of Cancer spp. crabs and Crangon spp. shrimps were impinged at higher rates at

the Units 1 through 5 intake than at the Units 6 and 7 intake, and

No declines in the populations of the above listed species were found attributable to
impingement.

In addition to the above findings, modifications made to the Units 1 through 5 intake structure
(shortening the intake conduit, lower approach velocities, and inclined traveling screens) will
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reduce previous impingement rates. Alternative intake technologies were evaluated for use in the
improved CWIS based on their:

Proven availability,

Potential to reduce CWIS biologica effects and minimize population-level impacts,
Site feasibility, and

Cost-effectiveness performance.

A stepwise evaluation process of these factors was employed to first determine a set of intake
technologies that are available and proven for application at the CC site. A second stage analysis
of the available and proven technologies was performed to evaluate the potential effectiveness of
each alternative technology to reduce biological effects of the CWIS. The feasibility of intake
technol ogies meeting both stage one and stage two evaluation criteria were analyzed and
discussed in the report’ s preliminary conclusions on best technology available (BTA) for the
modernization project’s CWIS. The combined-cycle project CWIS is designed to correct the
entrapment effect of the existing CWIS by removing the 350-foot shoreline tunnel to the traveling
screens. This modification, in addition to reducing the new facility’s flow capacity, will
significantly reduce CC-CWIS impingement and entrainment effects and minimize the potential
for impacts on source water populations of fish and invertebrates.

The new power plant’s 34 percent reduction in intake flow capacity from flows in the 1983
316(b) demonstration studies of impingement and entrainment effects make it arelatively
straightforward exercise to project areduction in effects with the CC-CWIS. In addition to this
significant reduction in entrainment and impingement effects, our report examines various proven
and available intake technologies and their cost-effectiveness to reduce even further avery low
potentia for intake effects. An assessment of additional technology-based reductionsin CWIS
effects requires a site-specific understanding of both existing and projected CWIS biological
effects and impacts. A wide range of site-specific information is available from previous source
water and CWIS studies of the existing MLPP. A long-term study began in March 1999 to
validate these previous findings and conclusions and assess present cooling water entrainment and
biological conditionsin the MLPP source water. This study was completed in February 2000.

The design and operation of the cooling water system for the new combined-cycle units are
described aong with a discussion of the physical and biological characteristics of the source
water. The findings of our long-term study that began in March 1999 were used in the biological
evauation of aternative CC-CWIS technologies. Separate sections of the report present
information on CWIS entrainment and impingement at the power plant, followed by a preliminary
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assessment of CWIS effects and potential population-level impacts used in evaluating the report’s
list of alternative technologies.

The proposed new combined-cycle units CWIS design represents the best technology available for
the site. From both past MLPP CWIS and source water studies and our present study findings,
potential entrainment and impingement effects are relatively minor, and therefore any intake
technology not already proposed would represent minor potential for further reductions.

However the new combined-cycle CWIS s lower intake flows, improved traveling screen and
elimination of forebay entrapment tunnels are proven and available aternative intake technologies
that meet site engineering feasibility, and cost-effectiveness criteria. The implementation and
benefit from these improved technol ogies are included in our assessment of best intake technology
available for the new combined-cycle CWIS.
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1.0 INTRODUCTION

The following report presents the preliminary results of a cooling water intake technology
evaluation required under Section 316(b) of the Federal Clean Water Act (CWA). A 316(b)
demonstration program is currently being conducted at Duke Energy’ s Moss Landing Power
Plant (MLPP) to evaluate power plant cooling water intake system effects and the proposed new
combined-cycle units intake technology relative to Best Technology Available (BTA)." Duke
Energy is planning to modernize the power plant and has submitted its Application for
Certification (AFC) to the California Energy Commission. Modernization project changes that
are proposed for the existing intake are relatively minor facility modifications that will
significantly reduce intake effects. The necessary National Pollutant Discharge Elimination
System (NPDES) permitting process for this modernization project is being administered in
parallel to the AFC process by the California Central Coast Regional Water Quality Control
Board (RWQCB). This 316(b) report is submitted in accordance with the specifications of the
RWQCB's “Requirements Letter” of July 21, 1999.

The Clean Water Act’s (PL 92-500 and 95-217) Section 316(b) requiresthat “. . . the location,
design, construction, and capacity of cooling water intake structures reflect the best technology
available for minimizing adverse environmental impact” (EPA, 1977). Because no single intake
design can be considered to be the best technology available at all sites, compliance with the Act
requires a site-specific analysis of intake-related organism losses and a site-specific
determination of the best technology available for minimizing those losses. In this report, intake-
related losses resulting from entrainment (the drawing of organisms into the cooling water
system) and impingement (the retention of organisms on the intake screens) are evaluated and
discussed. Intake technologies are evaluated according to operating, engineering, and biological
criteria; the best technology available for minimizing entrainment and impingement lossesis
recommended for the cooling water intake structure of the Moss Landing Power Plant new
combined-cycle units.

Thefirst 316(b) demonstration program studies were conducted at the Moss Landing Power
Plant from 1978 through mid-1980 (PG&E, 1983). This program followed the general guidance
provided by the California State Water Resources Control Board (SWRCB), Environmental
Protection Agency (EPA), California Department of Fish and Game (CDFG), and United States
Fish and Wildlife Service (USFWS). Entrained and impinged organisms were sampled on a
weekly basis to gather information on the species composition and abundance of organisms
affected by the plant’ s cooling water system. Specia studies were also conducted to examine the
potential survival of entrained and impinged organisms. Data collected from numerous surveys

! The RWQCB determined that the existing permitted intake represented the Best Technology Available based on
the results of the previous 316(b) study (PG& E, 1983).
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near the plant were used in conjunction with CDFG commercia and sportfish landing data to
examine the general trends in the populations of some of the species susceptible to the effects of
the cooling water systems. The information gathered from these studies was used in conjunction
with engineering and operating criteria to evaluate alternative intake technologies for the plant.

The report concluded that there was no evidence that local populations were adversely affected
by the operation of the MLPP. Furthermore, it was demonstrated that the feasible alternative
intake technol ogies examined would not have substantially reduced biological losses at the plant
on a cost-effective basis.

The 316(b) demonstration was reviewed by several agencies including the SWRCB, RWQCB,
CDFG, EPA, and USFWS. Questions raised by the agencies during the review process were
answered in supplemental responses to the 316(b) Demonstration Report. The conclusion of
these agencies was that no alternative intake technologies or changes to the operations of the
power plant were required based on the information presented in the demonstration and
information provided to the agencies during the review process. The modernization project has
no plans to change the approved Units 6 and 7 intake facilities.

1.1 Development of the 316(b) Study Plans

In 1998 Duke Energy announced their plan to modernize the Moss Landing Power Plant. The
RWQCB was contacted and a series of meetings were held to discuss the renewal of the plant’s
NPDES permit. The RWQCB assembled a team of experts to assist the Board' s steff in their
review of the design and implementation of the 316(b) studies. Thisteam, the Technical
Working Group (TWG), met periodically to discuss topics relevant to ongoing efforts at MLPP
including the design of the 316(b) study plan. The study plan entitled Final Moss Landing
Power Plant Modernization Project Cooling Water Intake and Discharge Study Plans, (Tenera,
Inc., 1999) was submitted to the RWQCB on November 18, 1999.

The design of the 316(b) field study program was based, in part, on information collected during
previous studies of the potential effect on the aguatic communities of Moss Landing Harbor,
Elkhorn Slough, and Monterey Bay resulting from operation of the Moss Landing Power Plant’s
cooling water systems. The three most significant studies were those conducted by PG& E
relating to the effect of the cooling water discharges on the beneficial uses of the receiving
waters at the MLPP (PG&E, 1973), the MLPP Units 1 through 5 316(a) demonstration program
(PG&E, 1978), and the ML PP Cooling Water Intake Structures 316(b) Demonstration (PG&E,
1983). The study plan was developed using information collected in these and other studies of
the area in combination with state and federal 316(b) guidelines and was aso based on input
from the TWG.
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Three modeling approaches for use in assessing entrainment and impingement losses were
presented to the TWG. These approaches are adult equivalent loss (AEL), fecundity hindcasting
(FH), and empirical transport model (ETM). These models were described in a draft report
entitled, Moss Landing Power Plant Moder nization Project Cooling Water System Intake Effects,
Estimating Taxa Losses Caused by Entrainment and Impingement, that was submitted to the
TWG September 1, 1999. The report was reviewed by the TWG and their comments were
addressed. The report was incorporated into the Final Moss Landing Power Plant

Moder nization Project Cooling Water Intake and Discharge Sudy Plans (Tenera, Inc., 1999).

1.2 Overview of the 316(b) Program

The basic objective of the 316(b) program isto provide a sufficient basis for regulatory agencies
to determine whether the new combined-cycle cooling water intake structure (formerly the

Units 1 through 5 intake structure) reflects the best technology available for minimizing adverse
environmental impacts. To accomplish this objective, afield study program was designed and
conducted to determine the extent of entrainment effects at the Moss Landing Power Plant. The
numbers of aquatic organisms entrained are estimated from plankton samples collected in front
of the intake structures. Samples collected in Monterey Bay, Moss Landing Harbor, and Elkhorn
Slough provided estimates of the source water populations that may be affected by entrainment.

Consistent with the final study plan, impingement studies were not conducted. The intake
structure for the new combined-cycle units will be modified as part of the modernization project.
Impingement rates at the modernized combined-cycle units intake are expected to decrease from
those reported in PG& E (1983) as adirect result of these changes.

1.2.1 Target Organisms Selected for Study

The TWG selected the following aguatic organism groups to be the focus of the 316(b)
entrainment study at the Moss Landing Power Plant:

Fishes (al life stages)
Cancer spp. (megalopal life stage)

European green crabs Carcinus maenas (megalopal life stage).

Fishes and Cancer spp. crabs were selected because of their role in the ecosystem and because
some of them have commercia or recreationa value. European green crabs, an introduced
invasive species, were selected because of concerns regarding their presence in the vicinity of the
MLPP.
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This report presents the results of the model approaches applied to the concentrations of the most
abundant fish taxa and all cancer crabs collected in the entrainment samples. Concentrations of
all larval fish taxa are expressed as the number per 1,000 cubic meters (#/1,000 m®).

For this report, we further narrowed the focus of the assessment of entrainment effects to the
most abundant taxa of larval fishes and all cancer crabs. Based on the results of entrainment
sampling to date, the eight most abundant entrained larval species or taxa groups of fishes were
chosen for assessment in this report. They are unidentified gobies, bay goby, blackeye goby,
Pacific staghorn sculpin, white croaker, blennies, longjaw mudsucker, and Pacific herring. All
targeted cancer crab species were assessed.

1.3 Organization of the Report

This 316(b) demonstration is a summary and analysis of the data collected and processed from
March 1999 through February 2000. All data from field collections are preliminary because
laboratory processing quality control checks have not all been completed. This report includes
Sections 1 through 8. The design and operation of the existing Units 6 and 7 intake structure as
well as the proposed modernization project’ s intake structure are described in Section 2. The
experimental design and study and assessment methods for the entrainment and source water
studies are presented in Section 3. Section 4 presents the life histories, entrainment and source
water survey results, and data comparisons with the previous entrainment study for the eight fish
taxa listed above and the targeted crab species. Impingement data that were collected during the
1979 — 1980 316(b) study have been reanalyzed to estimate the rate of impingement and are
presented in Section 5. Entrainment and impingement effects are evaluated in Section 6. The
best technology available (BTA) for the modernized intake system is assessed in Section 7.
Literature cited in the report is listed in Section 8.

E9-053.9 1-4 MLPP 316(b) Resource Assessment
4-28-2000



E9-053.9 1-5 MLPP 316(b) Resource Assessment
4-28-2000



2.0 DESCRIPTION OF THE MOSS LANDING POWER PLANT AND
CHARACTERISTICS OF THE SOURCE WATER BODY

This section describes the Moss Landing Power Plant (MLPP) and its aquatic environmental
setting, focusing on the various features of the existing and proposed power plant design and
operations related to the facility’ s aquatic environment. Section 2.1 describes the plant and its
existing and proposed cooling water systems. Section 2.2 briefly characterizes the aquatic
environment in the vicinity of the MLPP. An anaysis of whether the modernized system
represents the best technology available to minimize potentially adverse cooling water intake
effectsis given in Section 7.

2.1 The Plant and its Cooling Systems

The Moss Landing Power Plant is located on the eastern shoreline of Moss Landing Harbor. This
medium sized harbor, which provides dock space for approximately 600 commercia and
recreationa vessdls, islocated about 110 miles (177 km) south of San Francisco. Moss Landing
Harbor is located roughly midway between Santa Cruz and Monterey, Californiaand is open to
Monterey Bay (Figure 2-1). The plant islocated in arelatively undevel oped area that includes
industrial facilities, agricultural lands, sparse residences, recreational beaches, and tidal wetlands.
The MLPP has two separate intake structures in Moss Landing Harbor for withdrawal of cooling
water that is necessary to remove excess heat from the power generation process. One intake
previously serviced the now retired Units 1 through 5 and is currently unused and a second intake
structure services the presently operating Units 6 and 7. Cooling water from Units6 and 7 is
discharged into Monterey Bay through two (one/unit) subsurface conduits. Historically, cooling
water from Units 1 through 5 discharged into Elkhorn Slough. The design (historic), actual
(current), and projected specifications of the new combined-cycle units cooling water intake
structure (CWIS) are summarized in Table 2-1.

The Moss Landing Power Plant (MLPP) currently produces up to about 1,500 MW from two
steam boilers (Units 6 and 7). In addition, the MLPP site includes retired Units 1 through 5.

Duke Energy proposes to replace the 1950s technology of Units 1 through 5 with two 530-MW
high efficiency combined-cycle (CC) units. Each combined-cycle unit will consist of two
advanced class combustion turbine generators, two heat recovery steam generators, and asingle
steam turbine generator. Only the new steam turbine generators will require a significant amount
of ocean cooling water. About two-thirds of the total new power output will be produced by the
combustion turbine generators, which require no ocean cooling water.
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Figure 2-1. The location of the Moss Landing Power Plant.
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Table 2-1. Historic and Projected Specifications of the Cooling Water Intake Structures at ML PP,

Units 1 through 5 and the New Combined-cycle Units.

Note: Units 1 through 5 were retired in 1995. TBD = to be determined.

Historic Proj ected®
(Design) (AFC Design as Revised)
381,000 (gpm) 250,000 (gpm)
Inteke Flow Rate 1,441 (m*Jmin) 946 (m*/min)
Units 1-3 and Units4 and 5 Intake Units1-5 New Combined-cycle Units
Bar Racks
Number 6 6
Location Shoreline Shoreline
. 4(in.) 4(in)
Spacing OC 102 (cm) 102 (cm)
. 3x3/8(in.)
Bar size 7.6x 0.9 (cm) TBD
Intake Conduits to Screenhouse
Number é) 6
size 38x 130'26(52)) 10 ft x 27t deep
350 (ft) ~10 (ft)
Length 107 (m) ~3(m)
Traveling Screens Vertica Inclined
Location Onshore Shoreline
Number 6 6
Manufacturer Link Belt TBD
: 3/8(in.) 5/16 (in.)
Mesh
Sze 0.9 (cm) 0.8 (cm)
Pumps per unit Units 1-3 Units4-5
Location Onshore Onshore Onshore
Number 2 2 3 (6,total)
Manufacturer Foster Wheeler Foster Wheeler TBD
Mixed flow single- Mixed flow single-
Type stage vertical stage vertical TBD
104.5 (cfs) 55.5 (cfs)
Capacity (each pump) 2.96 (m*/sec) 1.57 (m*/sec) 42,000 gpm
46,900 (gpm) 24,900 (gpm)
Water velocities at maximum capacity, mean low, low water
0.7 (fps) 0.5 (fps)
Approach to bar racks 21.34 (cm/sec) 2 15 (cmisec)
0.9 (fps) 2 0.6 (fps)
Through bar racks 27.43 (cm/sec) 18 (cm/sec)
1.0 (fps) 2 0.5 (fps)
Approach to screens 30.48 (cm/sec) 15 (cmisec)
2.4 (fps) @) 0.6 (fps) @
Through screens 73.15 (cm/sec) 18 (cm/sec)

(1) Units 1 through 5 intake structure modified to serve the new combined-cycle plant.

(2) Information about bar racks and traveling screens applies to unit-group intakes (Units 1 through 5 share a common

intake structure).

(3) Through screen velocity based on 65 percent open screen area and 55° slope from horizontal.
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2.0 Description of the Moss Landing Power Plant and Characteristics of the Source Water Body

Therefore, the new combined-cycle units will be capable of generating about 1,060 MW while
using about 250,000 gpm (946 m*/min) of once-through ocean cooling water (at 20 °F [11.1 °C]
temperature increase). By comparison, the existing Units 6 and 7 require about 600,000 gpm
(2,270 m*/min) of ocean cooling water (at 28 °F [15.5 °C] temperature increase) to generate
1,500 MW.

In addition to the new combined-cycle units, Duke Energy proposes to upgrade existing Units 6
and 7 through replacement of the steam turbine high-pressure rotor, which will result in an
additional 15 MW per unit of generation capacity. These two actions combined yield an
additional 1,090 MW (i.e., 1,060 MW + 30 MW) and constitute the Modernization Project.

2.1.1 Plant Cooling Water System Description and Operation

2.1.1.1 Units 1 through 5 Cooling Water System: Previous Operation and
Proposed Modifications

Since 1995, Units 1 through 5 have been removed from service and use of that cooling water
system has been discontinued. The existing intake system for Units 1 through 5, which will be
renovated for the Project, is shown schematically in Figure 2-2. The common cooling water
intake structure for Units 1 through 5 is located on the eastern shore of Moss Landing Harbor.
Seawater drawn through bar racks at the entrance to the intake structure previously passed under
the coast highway through approximately 350 feet of tunnel to reach the traveling screens and
circulating water pumps located in a pumpwell structure inside the plant. Each of the five units
had two circulating water pumps that historically pumped cooling water to the condensers
through two conduits, one serving each condenser half.

Figure 2-2 shows the major features of the existing intake structure. Bar racks, spaced 4 inches
on center, and located about 350 feet in front of the six vertical traveling screens, prevented the
entry of large objects into the cooling water system. The vertical traveling screens, with a mesh
size of 3/8 inch, retained smaller objects. Materias retained by the screens were removed during
screen rotation and washing. Screen rotation and washing were initiated automatically at
approximately 24-hour intervals, or when the across-screen hydraulic pressure differential
exceeded a predetermined maximum.

The project proposes to modify the existing intake structure previously used for Units 1through 5
to serve the new CC units. The traveling screens for the modernized Units 1 through 5 intake will
be located as close as practical to the shoreline, thus reducing the length of the intake tunnel
upstream of the screens from 350 feet to approximately 10 feet (see Figure 2-3). The new
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traveling screens for the CC Units will be inclined at approximately 55 degrees from horizontal
(Figure 2-4), and will be made of continuously woven 18 x 18 x 14 wire mesh with 3-inch tines
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Figure 2-2. Existing MLPP Units 1 through 5 cooling water intake structure.
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Figure 2-3. Proposed modernized ML PP combined-cycle cooling water intake structure.
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2.0 Description of the Moss Landing Power Plant and Characteristics of the Source Water Body

Figure 2-4. Sectiona view of the MLPP new combined-cycle units intake structure’s traveling screens.
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to assist with removal of accumulated eelgrass Zostera marina during the fall season. The wire
mesh will have the equivaent of a’5/16 inch opening and will have the maximum width possible to
fit between the existing stop log guides. The lower flow rate approaching the screens and higher
cross-sectional area of the screen has the net effect of reducing the approach velocity at maximum
capacity and mean low, low water, from the historic value of about 0.7 fps to approximately 0.5
fpsfor the new CC units.

In addition, the internal walls of the intake structure will be modified to allow periodic heat
treatment for removal of macroinvertebrates over the entire length of the intake system, from the
shoreline screens to the condensers in the new CC units. Previoudly, it was possible to heat treat
only the portion of the Units 1 through 5 intake system from the inland screenwell to the
condensers, allowing organisms to more readily colonize the 350 feet of untreated intake tunnels
upstream of the screens. Predation by these unremoved organisms was thought to significantly
reduce the entrainment survival rate in the old Units 1 through 5 system. The heat treatment
procedure is described in the following section.

2.1.1.2 Units 6 and 7 Cooling Water System: Design and Operational Procedures

The intake for the once-through seawater cooling system currently serving Units 6 and 7 is shown
schematically in Figure 2-5. The intake structure, located on the shore 700 feet south of the
Units 1 through 5 intake structure, consists of bar racks, traveling screens, and circulating water
pumps. The cooling water flow of Unit 6 is separate from that of Unit 7. Separate subsurface
conduits carry the discharge from each unit to a submerged offshore discharge structure located in
Monterey Bay 2,400 feet from the plant, about 550 to 600 feet offshore, shown in Figure 2-6.

Figure 2-5 shows the major features of the intake structure. Bar racks, spaced 4 inches on center,
are located about 15 feet in front of the eight vertical traveling screens. The traveling screens are
3/8-inch mesh. Material retained by the screens is removed during screen rotation and washing.
Washing is initiated automatically either by atimer, at approximately 24-hour intervals under
normal operating conditions, or when the hydraulic pressure differential across the screen exceeds
a predetermined maximum. During screen washing, spray nozzles wash the collected materia
into a surrounding sluiceway which empties into a screenwash wet well. The screenwash
discharge, less the impinged materials, is returned to Monterey Bay by large-diameter screen
refuse pumps that empty into the discharge conduit of Unit 6. The impinged material that
separates in the wet well is periodically removed by alocal refuse collection contractor and
trucked to a sanitary landfill for disposal.
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Figure 2-5. MLPP Units 6 and 7 cooling water intake structure.
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Figure 2-6. Location of the MLPP Units 6 and 7 discharge structure.
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The new CC units cooling water discharge will combine with the existing Units 6 and 7 cooling
water discharge lines on-shore, inside the plant. There are no design changes to the existing Units
6 and 7 outfall structures |located as shown in Figure 2-6. The tops of the discharge pipes are
located approximately 20 feet off the bottom and 20 feet below the surface. The net effect of
adding the new CC units discharge cooling water to the Units 6 and 7 discharge flow in the
existing 12 foot diameter linesis to increase the velocity in the pipe from approximately 5.9 feet
per second to approximately 8.6 feet per second at maximum flow. It should be noted that in the
future, at energy demands at the ML PP of less than about 1,000 MW, the velocity in each pipe
will be reduced to approximately 2.5 feet per second as only the two new more efficient
combined-cycle plants will be operating.

A chemical feed system consisting of a storage tank with injection pumpsis used intermittently, as
necessary, to supply sodium hypochlorite (12 to 14 percent bleach solution), a biofouling
inhibitor, into the incoming cooling water supply linesimmediately after the Units 6 and 7 intake
screens and before the condensers, to reduce biofouling of the condenser. Residual chlorine will
not exceed the permitted quantity of 200 parts per billion (ppb) at the outfall. The procedures and
chemical limits are closely regulated by the Regional Water Quality Control Board (RWQCB).
The new CC units will utilize asimilar system, except that the hypochlorite solution injection
point will be located at the condenser inlets.

Integral to the design of the circulating water system will be provisions for demusseling.
Demusseling is required, from time to time, to remove flow obstructions within the circulating
cooling water system. This procedure will utilize the online condensers of both units to supply
heated cooling water into the cooling water supply line and intake tunnel by reversing the flow
through the part of the system being treated. The amount of time necessary to demussel an inlet
tunnel at treatment temperature is dependent on the water temperature, but istypically 1 hour.
Thetotal treatment cycle from beginning to end is expected to take 4 to 6 hours. The intake stop
logs on the tunnel being treated are closed to prevent flow of heated water to the harbor. At the
same time, the discharge line from the condenser feeding the line being treated is closed. The
heated treatment water flows into the active intake tunnel when the stop logs on the treated tunnel
are closed. The discharge of the unit receiving blended cold intake and recycled treatment water
isrestricted to force part of the flow through a crossover line to the unit being treated. The
balance of the water flows through the partially closed discharge valve to the discharge tunnels.
At the end of treatment, the discharge valves and intake stop logs are opened and the circulation
pumps restarted. This procedure is repeated, as necessary, approximately every 4 to 6 weeksin
each unit. Units 6 and 7 currently employ this procedure for demusseling the inlet cooling water
tunnels, a process which is also currently regulated by the RWQCB. Closure of the stop logs
assures that heated cooling water is discharged only to the permitted discharge outfall and not to
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the harbor by reverse flow through the intake structure. This process is conducted solely for
control of marine growth in the cooling water intake lines and is not intended to provide any
backwash cleaning of the condensers.

As described above, the new CC units will also incorporate the capability for periodic heat
treatment of cooling water intake lines.

2.2 Aquatic Biological Resources in the Vicinity of MLPP

The MLPP is situated at the intersection of three distinct marine geographic areas: Elkhorn
Slough (tidal lagoon), Moss Landing Harbor, and Monterey Bay. Each of these areas has its own
unique aquatic biological habitats. Distinct aquatic habitats present within the boundaries of Moss
Landing Harbor and Elkhorn Slough include shallow open water, submerged aquatic vegetation,
sand/mud/salt flats, fresh/salt/brackish marshes, rocky subtidal and intertidal. Distinct habitats
present in Monterey Bay include sandy beach, rocky intertidal and subtidal and open water areas.

2.2.1 Elkhorn Slough/Moss Landing Harbor

Elkhorn Slough is a narrow, shallow water embayment that extends 6.2 miles inland from the
eastern margin of Monterey Bay. Asit extendsinland, it gradually narrows and decreases in
depth. Tidal mud flats and pickleweed (Salicornia spp.) marsh extend the length of the slough.
The drainage basin for Elkhorn Slough is small, only 226 square milesin area. The land near the
dough is used primarily for agriculture. Shallow open water and lagoon habitats comprise the
majority of aquatic habitat provided by the Elkhorn Slough and Moss Landing Harbor complex.

Several changes have occurred in the hydrology and channel geomorphology since the time of the
PG& E entrainment and impingement studies in 1978-1980 (Malzone and Kvitek, 1994; Oxman,
1995; Lindquist, 1998). In the mid 1980s severa dikes and levees surrounding pasture lands were
reopened to tidal flow. These changes increased the surface wetlands by 48 percent and the tidal
volume by 43 percent (Malzone and Kvitek, 1994). The increased volume of water exchanged
with the tides has increased both the rate of erosion and the velocity of the tidal currents (Philip
Williams and Associates, 1992, cited in Lindquist, 1998; Mazone and Kvitek, 1994). Recent
studies of the effects of this erosion on the trophic ecology of the lough (Lindquist, 1998) and
studies of the prey availability for harbor seals (Oxman, 1995) provide updated information on the
species composition of adult fishesin the slough. Yoklavich et a. (Draft, 1999) discuss data
collected from numerous studies (past and present) on fish assemblages found in Elkhorn Slough
habitats and surrounding marine waters.
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The varied marine and estuarine habitats within Elkhorn Slough provide habitat for at least 97
species of fish (representing 40 families) (Yoklavich et al., 1992; Draft, 1999). Most (76) of these
species are marine species from Monterey Bay. Fish species utilizing the slough were divided by
Yoklavich et a. (Draft, 1999) into severa groups. Immigrant marine species typicaly use the
dlough for spawning or as a nursery ground. These species include the northern anchovy
Engraulis mordax, Pacific herring Clupea pallasi, and cabezon Scor paenichthys marmoratus.
Numerous species of flatfish including the speckled sanddab Citharichthys stigmaeus, English sole
Parophrys vetulus, sand sole Psettichthys melanostictus, starry flounder Platichthys stellatus,
Cdlifornia halibut Paralichthys californicus, and several species of turbot are al'so considered
immigrant marine species. Fish species considered permanent residents include the Pacific
staghorn sculpin Leptocottus armatus, black surfperch Embiotoca jacksoni, striped mullet Mugil
cephalus, bay pipefish Syngnathus leptorhynchus, and five species of gobies. Partial residents, or
species that live or reproduce in the slough but migrate to the ocean during certain seasons or life
stages, include the jacksmelt Atherinopsis californiensis, shiner Cymatogaster aggregata and
white Phanerodon furcatus surfperches, leopard shark Triakis semifasciata, and bat ray
Myliobatis californica. Species primarily associated with freshwater include the American Alosa
sapidissima and threadfin Dorosoma petenense shad, mosquitofish Gambusia affinis, prickly
sculpin Cottus asper, threespine stickleback Gasterosteus aculeatus, and striped bass Morone
saxatilis. Few non-native species have been noted (yellowfin goby Acanthogobius flavimanus,
mosquitofish, American shad, and striped bass).

In 1991, otter trawls were conducted as part of a study of fish availability as prey items for harbor
seals (Oxman, 1995). Otter trawls were conducted monthly for ayear (1991) in Elkhorn Slough
in an effort to establish seasona trends of fish availability and distribution. The trawls were taken
at the same three stations (Bridge, Dairies, and Kirby Park) sampled by Nybakken et al. (1977)
and reported by Y oklavich et al. (1992) in the main channel of the slough. Eighty-three daytime
otter trawls captured 1,955 fish representing 41 species. The 29 nighttime trawls at two stations
(Dairies and Bridge) resulted in 1,461 fishes representing 39 species. The lower numbers caught
during the day may have been aresult of fishes avoiding the net.

More then 90 percent of the fishes taken in the daytime and nighttime trawls were represented by
11 species. These fishesincluded shiner surfperch Cymatogaster aggregata, English sole
Parophrys vetulus, staghorn sculpin Leptocottus armatus, California tonguefish Symphurus
articauda, speckled sanddab Citharichthys stigmaeus, white surfperch Phanerodon furcatus,
cabezon Scor paenichthys marmoratus, black surfperch Embiotoca jacksoni, and lingcod
Ophidion elongatus. Pipefish Syngnathus spp. was caught during the daytime trawls and brown
rockfish Sebastes auriculatus was caught at night.
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Oxman (1995) reported that overall there was a dlight change in the 1991 diurna fish assemblage
from that reported by Y oklavich et a. (1992) during 1974-1976. These changesincluded a
decrease in the mean number of fish per tow, species diversity decrease at the Bridge and Dairies
stations, and species diversity increases at Kirby Park. Species absent from the 1991 daytime
trawls that were present in 1974-1980 trawls included topsmelt Atherinops affinis, jacksmelt
Atherinopsis californiensis, Pacific herring Clupea pallasi, threadfin shad Dorosoma petenense,
sand sole Psettichthys melanosticus, blue rockfish Sebastes mystinus, queenfish Seriphus politus,
and night smelt Spirinchus starksi. Severa species were less abundant. English sole, cabezon,
lingcod, and California tonguefish increased in relative abundance and density.

Oxman (1995) stated that there was a significant change in fish assemblages at the Bridge and
Dairies stations since the 1974-1980 otter trawls. Severa species were absent and many were
caught in less abundance in the 1991 tows. English sole, lingcod, and California tonguefish
increased in relative abundance and density.

Lindquist (1998) collected fishesin otter trawls to provide information on their feeding habits
from four stations in Elkhorn Slough from May 1996 to May 1997. He analyzed 11 species of
fish from nine families. The species were yellowfin goby Acanthogobius flavimanus, topsmelt
Atherinops affinis, speckled sanddab Citharichthys stigmaeus, arrow goby Clevelandia ios,
Pacific herring Clupea pallasi, shiner perch Cymatogaster aggregata, northern anchovy
Engraulis mordax, Pacific staghorn sculpin Leptocottus armatus, white surfperch Phanerodon
furcatus, English sole Parophrys vetulus, and California tonguefish Symphurus atricauda. These
species accounted for 96 percent of the total abundance from the otter trawls. Of those species
all but yellowfin goby and California tonguefish were dominant fishes during studies conducted in
Elkhorn Slough in the 1970s (Lindquist, 1998).

Y oklavich et d. (Draft, 1999) discussed severa distinct habitat types which have been sampled
within the ough. Different sampling methods were used for each habitat type (otter trawl, beach
seine, and channel nets). The most abundant and diverse family of fishes within the slough and
surrounding coastal waters are the embiotocids. Shiner perch C. aggregata was the most
common species found throughout the habitats studied and the Pacific staghorn sculpin

L. armatus was the most abundant speciesin upper sough areas. Severa large elasmobranchs are
also relatively common within the slough (bat ray M. californica, shovelnose guitarfish
Rhinobatos productus, gray smoothhound Mustelus californicus, and leopard shark T.
semifasciata; Y oklavich et a. Draft, 1999; San Filippo, 1994).

Y oklavich (Draft, 1999) concluded that in general, fish assemblages present in Elkhorn Slough in
the 1990s are characterized by decreased abundance at most sample sites as well as less diversity
than in the past. Within the last twenty years a homogenization of fish assemblages appears to
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have occurred between the lower main channel and tidal channels. These changes have coincided
with the continued erosion and scouring of smaller channels to the point that they are now similar
(in habitat type) to the main channel (Malzone and Kvitek, 1994).

The most abundantly collected fishes from studies reported in Nybakken et al. (1977), Y oklavich
et d. (1991), from PG&E impingement studies in 1978-80 (PG&E, 1983), and from Lindquist’s
work in 1996-97 generally have remained the same. Northern anchovy, shiner perch, and Pacific
herring were some of the most abundantly collected fishes from al three of these studies.
Topsmelt was the only species collected in high numbers in impingement samples that was not
collected in the other two studies. Oxman’s (1995) studies in 1991 however, showed greater
differences in species composition when compared to the other studies with the exception of the
presence of shiner perch. This species was collected in high numbers in the dough from al
studies. Fishes that were not collected in Oxman’s study but were present in high numbersin all
other studies were northern anchovy and Pacific herring. Both of these missing species were
again collected in high numbersin Lindquist’ s 1996-97 studies.

2.2.2 Monterey Bay

Monterey Bay, California s largest open-coast embayment, is formed by the extent of shoreline
between Santa Cruz and Monterey and by the offshore depths of the Monterey submarine canyon.
The opening of the bay is 23 miles across and 10 mileswide. Four main tributaries, the Pgjaro
River, Elkhorn Slough, the Salinas River, and the San Lorenzo River flow into the bay. The bay’s
immense supply of cold, nutrient-rich, ocean water is exchanged tidally with the Elkhorn Slough
and harbor located midway aong the bay shoreline at the head of the canyon.

Monterey Bay lies within the boundaries of the Monterey Bay National Marine Sanctuary
(MBNMS). The MBNMS extends from 7 miles north of the Golden Gate Bridge to Cambria
Rock in northern San Luis Obispo County. The sanctuary contains about 400 statute miles of
coastline and extends an average of 30 miles offshore. Itstotal areais 5,322 square miles. The
MBNMS was officially established in 1992 by the authority of the Secretary of Commerce under
the 1972 Marine Protection, Research and Sanctuaries Act. The MBNMS is one of fourteen
marine sanctuaries in the United States under the jurisdiction of the National Oceanic
Atmospheric Association (NOAA) of the U.S. Department of Commerce.

Monterey Bay is characterized by a gently doping shelf cut by a system of submarine canyons, the
largest of which isthe Monterey Submarine Canyon. The head of this canyon is located off of the
entrance to Moss Landing Harbor. The depth of the canyon ranges from 60 feet to 2,800 feet.
The canyon is 650 feet wide at the head and approximately 7.5 miles wide at the mouth of
Monterey Bay.
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Monterey Bay’s sandy beach habitat extends in nearly a continuous reach of approximately 20
miles from Santa Cruz to Monterey, encompassing the Moss Landing area. Beach habitat in the
area of Moss Landing is exposed to high-energy waves from the northwest. Large quantities of
sand are annually transported on and off the beach shoreline by strong waves and longshore
currents. The continuously changing nature of this habitat favors mobile invertebrate and fish
species that adjust quickly to the depletion and accretion of sediments. Relatively few species are
able to adjust to this habitat.

The marine resources of Monterey Bay support avariety of commercia fisheries (Starr et d.,
1998). Many of the fisheries are very dynamic. Landings are driven by the demands of the
market, the abundance of the target species, and attempts by the regulators to reduce harvest. As
new markets are found for species that were previously unmarketable or of low value, annual
landings of those species can increase rapidly. Landings from other fisheries decline as fishermen
fill the demands of the new markets. Regulation of fish harvest, entry into afishery, gear usage,
and season length can have a pronounced effect on landings. Fisheries also decline and expand
with the cycles of abundance and scarcity of the targeted species. Long-term over-exploitation of
many fish stocks along the Pacific Coast has decreased the abundance of adult fishes and recently
led to more restrictive regulation of harvest levels. Some regulations were made because of
concerns regarding declines in populations. Declines in landings often follow regulatory efforts
and may not directly reflect species abundance. Because of the complexity of the forces driving
fish harvest in the Monterey Bay area, generalizations about fish abundance based on landing data
must be made carefully. CDFG catchblock data from 1975 through 1998 were used for the
following analysis of commercially important fish species present in the Monterey Bay region.
Because of inconsistencies in catchblock reporting, landings cited for a species or market category
by catchblock are generaly smaller than landings reported by port.

Fishes and invertebrates are harvested from the Monterey area using a variety of fishing methods.
A magjority of the fisheslanded in Monterey ports between 1975 and 1998 was taken with purse
seine and trawl nets. Set gillnets have traditionally been used to harvest California halibut
Paralichthys californicus, rockfish Sebastes spp., white croaker Genyonemus lineatus, and a
variety of sharks. Commercial fishermen use trolling gear to harvest sdlmon and abacore during
the seasons when they are abundant in the area. Hook- and line- gear has traditionally been used
to harvest rockfish Sebastes spp. and lingcod Ophiodon elongatus over rocky reefs near the
canyon. Set longlines, which are now prohibited in nearshore waters (within 1 mile), are used in
the Monterey canyon area to take sablefish Anoplopoma fimbria and grenadier (Family
Macrouridae). Fish trapsand “stick gear” are used in the recently established live rockfish fishery.
Traps are also used to take rock crabs Cancer spp. and Dungeness crab Cancer magister.
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The most effective gear for certain species, in terms of biomass harvested, is the purse seine.
Purse seining is used to harvest pelagic species such as market squid Loligo opalescens, Pacific
sardine Sardinops sagax, northern anchovy Engraulis mordax, and both Pacific mackerel
Scomber japonicus and jack mackerel Trachurus symmetricus. Market squid has consistently
been one of the top two species landed in the Monterey area. Between 10 and 20 million pounds
of squid are typicaly landed at Monterey ports each year. Northern anchovy and Pacific sardine
rank second and third in pounds landed, however, the fishery has shifted from northern anchovy,
which were abundant in the 1970s and 1980s, to sardines which have dominated the fishery in
recent years. Both Pacific mackerel and jack mackerel rank among the top 10 species landed.
Pacific mackerel landings peaked in the early 1980s, ranking between first and fifth from 1980 to
1986. Landings of Pacific mackerel have aso been high in the Monterey area during the 1990s.
Landings of jack mackerel have ranked between second and twelfth for 19 of the past 24 years.
Both species of mackerel were also landed in the market category “unspecified mackerel” which
ranked first in 1994 and second for the next 2 years. Pacific herring Clupea pallas have also
sustained high levels of harvest through most of the period. The fishery is somewhat cyclic and
peak landings from the area occurred in 1982, 1987, and 1996. Reported landings of Pacific
herring ranged from over 560,000 pounds in 1987 to 52 pounds in 1997 and averaged around
165,000 pounds annually. No landings were reported for the catchblock area during 1991 and
1998.

Commercia trawlersin the areatarget a variety of demersal fish species, or groundfish. There are
several distinctly different trawl fisheriesin Monterey Bay. The species targeted depends largely
on what permits the boats, or owners/captains have been able to acquire. The harvest of
groundfish speciesis closaly regulated by the Pacific Fisheries Management Council and National
Marine Fisheries Service. The DTS complex (Dover sole, thornyhead, and sablefish) is targeted
only by vessels with federal limited-entry groundfish permits. The harvest of the DTS complex is
second to that of purse seinersin terms of biomass. Dover sole Microstomus pacificus, which
ranked eleventh in total pounds landed between 1975 and 1998, did not rank within the top ten
species until 1985. Thornyheads Sebastolobus spp. and sablefish are more valuable per pound
than Dover sole and these species have recently had more restrictive quotas. Sablefish have
consistently sustained high levels of harvest. Longspine thornyheads Sebastolobus altivelis and
shortspine thornyheads Sebastol obus alascanus were not heavily exploited until the mid-1980s,
when new markets for the species opened in Japan.

Trawlers with federal groundfish permits aso target splitnose Sebastes diploproa and aurora
rockfish Sebastes aurora (Rosefish market category), widow rockfish Sebastes entomelas,
bocaccio rockfish Sebastes paucispinis, chilipepper rockfish Sebastes goodel, and Sebastes
complex species. The Sebastes complex is composed of a mixture of rockfish species that do not
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have specific quotas. Sebastes complex species are often landed in the market category
“unspecified rockfish.” Unspecified rockfish landings consistently rank within the top ten fish
categories harvested from the Monterey Bay area. The years of peak harvest for this market
category were in the mid-1980s and early 1990s. Bocaccio and chilipepper rockfish landings
were combined into one market category until bocaccio became afederally regulated quota
species. Bocaccio have sustained consistently high levels of harvest until recently when a decline
in their abundance prompted regulators to drastically reduce quotas. Both chilipepper rockfish
and the market category rosefish have been heavily exploited in the 1990s. Both were removed
from the Sebastes Complex quota and given individual quotasin 1999. Limited entry trawlers
also commonly land rex sole Errex zachirus, petrale sole Eopsetta jordani, English sole
Parophrys vetulus, lingcod, grenadiers, and skate/skate wings (Raja spp.).

Trawlers without afederal groundfish permit also harvest groundfish (except DTS), however,
these “Open Access’ fishermen are subject to more restrictive quotas. Because of restrictive
rockfish quotas, the open access trawl fishery generally targets demersal fish species such as
Cdifornia halibut, white croaker, sole, and Pacific sanddab Citharichthys sordidus. Starry
flounder Platichthys stellatus, turbot Pleuronichthys spp., and Pacific angel shark Squatina
californica are among the non-target species caught in this fishery that are considered saleable by-
catch. Sanddab harvest was variable during this period and ranged from 177 pounds in 1984 to
nearly 530,000 poundsin 1998. From CDFG catchblock data, the average annual harvest of
sanddabs was around 82,000 pounds. Sanddabs ranked twenty first in pounds landed between
1975 and 1998. White croaker are also harvested by open access trawlers and ranked thirteenth
overal. Landings of white croaker from the area are somewhat cyclic and ranged from 4,246
pounds in 1984 to nearly 642,000 poundsin 1980. The average annua landing of white croaker
from Monterey Bay from 1975 through 1998 is around 180,000 pounds. White croaker
consistently ranked among the top ten species harvested in the area (annually) from the mid-1970s
through the early 1980s. Pink shrimp Pandalus eous and spot prawns Pandalus platyceros have
become the target of alarge number of open access trawlers with shrimp or prawn permits. The
pink shrimp fishery is seasond and highly cyclic. Peaks of harvest and fishing effort are often
followed by steep declinesin both. Spot prawn harvest in the area consistently remained at a
relatively low level (average of less than 9,000 pounds annually) until 1991. Since 1991 the
annual harvest has risen steadily to nearly 190,000 pounds (by 1998). The fishery is currently
being driven by the high prices paid for live spot prawns.

Gillnets have been an effective gear used in the past to harvest a variety of species. California
halibut are the target of the fishery, however, white seabass Cynoscion nobilis, white croaker, and
severa shark species are also regularly landed by gillnetters. Concern over sea otter mortality
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resulted in regulation of the depth in which gillnets could be set. Currently, gillnets cannot be set
inside of 30 fathoms (55 m or 180 ft) of water. The annual harvest of halibut from the area
ranged from around 4,000 pounds in 1984 to approximately 180,000 poundsin 1997. The
average harvest from 1975 to 1998 was about 57,000 pounds. Gillnet boats targeting rockfish
generaly set their nets in water depths from 50 to 120 fathoms (91m to 220 m or 300 ft to 720
ft). Rockfish gillnetters target “red” rockfish (vermilion rockfish Sebastes miniatus, yelloweye
rockfish Sebastes ruberrimus, canary rockfish Sebastes pinniger, copper rockfish Sebastes
caurinus, greenspotted rockfish Sebastes chlorostictus, etc.) but land large numbers of bocaccio,
chilipepper, and bank rockfish Sebastes rufus, as well aslingcod. Recent regulation of open
access rockfish harvest has eliminated much of the gillnet effort for rockfish.

The commercia troll fleet in the Monterey Bay area targets king salmon Oncor hynchus
tshawytscha and albacore Thunnus alalunga when they are in season and available. The salmon
fishery has traditionally been one of the more lucrative fisheries in the bay for small, independent
commercia fishermen. King salmon harvested within the area rank within the top ten, in terms of
pounds landed annually, for al years (from 1975 to 1998) except 1985 and 1988. King salmon
ranked seventh in total pounds landed for the period. Silver salmon Oncorhynchus kisutch was
the tenth ranked speciesin 1975. Albacore are caught by trollers in the outer regions of Monterey
Bay during years when warmer water is relatively close to land. They consistently ranked within
the top ten species landed from the area throughout the 1970s and 1980s. Albacore ranked tenth
in total pounds landed from 1975 to 1998. Many boats landing albacore in area ports fished areas
outside the bay. Some commercial trollers also target rockfish during the season when salmon
fishing isclosed. By modifying their gear and fishing methods, these fishermen have traditionally
targeted red rockfish but also catch a significant number of bocaccio, chilipepper rockfish, and
lingcod. Between 1980 and 1998 annual harvest (for all gears) of red rockfish (market category
959) ranged from 90 pounds to over 250,000 pounds. The average annual harvest (Monterey
areq) for the group over the last 20 yearsis approximately 92,000 pounds. The red rockfish
market category ranked twenty-fourth in total pounds landed from 1975 t01998.

During the early 1990s a new fishery evolved to supply the market demand for live fish. The
fishery targets nearshore rockfish species (grass rockfish Sebastes rastrelliger, gopher rockfish
Sebastes carnatus, brown rockfish Sebastes auriculatus, china rockfish Sebastes nebulosus, etc.)
and cabezon Scor paenichthys marmoratus. Fishes are taken from the intertidal zone down to
depths of 30 m (100 ft) with hook and line gear or traps and kept alive in holding tanks. Kelp
greenling Hexagrammos decagrammus and lingcod are not target species in this fishery, but are
commonly landed. Harvest of species from the nearshore reefs within Monterey Bay and coastal
areas adjacent to the bay increased dramatically as the fishery expanded. Harvest levels peaked
for many species during 1995 and 1996. Over-exploitation of this previously unregulated
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resource, along with recent regulation, has resulted in a moderate decline in landings for most
Species.

The Monterey Bay area also supports a moderate-sized crab fishery. Dungeness crab and two
species of rock crab are harvested from the Monterey area. Dungeness crab landings vary with
the species’ abundance near the southern end of itsrange. Harvest reported from the area ranged
from around 1,000 pounds landed in 1988 to approximately 112,000 in 1998. Landings of
Dungeness crab from the area have increased significantly in the 1990s and ranked between
eleventh and thirteenth in pounds landed annually between 1994 and 1996. Pacific rock crab
Cancer antennarius and red rock crab Cancer productus are typically landed in the combined
market category “Unspecified rock crab” or their claws are removed landed in the “crab claws’
market category. Rock crab landings are generaly small, but ranged from 12 poundsin 1976 to
around 134,000 pounds in 1989. There was significant variation in the pounds of crab claws
landed. From reported catchblock data between 1986 and 1998, annual landings of crab claws
ranged from around 81,200 pounds in 1987 to 1 pound in 1997.
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Moss Landing Power Plant withdraws water for cooling purposes from an intake located in Moss
Landing Harbor. The cooling water is pumped from the harbor through screens that have 3/8
inch (0.9 cm) mesh designed to exclude anything greater than the diameter of the plant’s
condenser tubes. Entrainment occurs when organisms small enough to pass through the 3/8-in
(0.9 cm) mesh are drawn through these screens into the power plant’s cooling water system
where they are subsequently exposed to stressful conditions — pressure changes, shear forces,
thermal changes, chemical changes, and collisions with surfaces.

The major objective of this 316(b) study is to characterize entrainment at the Moss Landing
Power Plant’s new combined-cycle intake (formerly the Units 1 through 5 intake). Field dataon
the composition and abundance of potentially entrained larval fishes and cancer crab megalops
provide a basis to refine estimates of the total number and types of these organisms passing
through the power plant's cooling water intake system. Estimates of fractional losses due to
entrainment by the new intake structure were obtained from data collected on source water
populations of entrainable fish larvae and Cancer spp. megalops.

The modifications to the new combined-cycle intake cooling water flows will alter previously
assessed entrainment rates. Data from samples collected in front of the intakes for the new
combined-cycle units were used to evaluate entrainment effects. These data were used,
assuming 100 percent entrainment mortality, with data collected from the source water to assess
the potential impact to fishery resources. The studies were designed to address the

following questions:

» Have changes occurred in MLPP's source water bodies that would lead to ateration
of the estimates of abundance or distribution of source water stocks of entrainable
larval fishes or cancer crab megal ops?

* What isthe potential impact of the power plant’s cooling water system on larval
fishes and cancer crabs?

These results also provide site- and species-specific information used to eval uate the potential
effectiveness of intake modifications for minimizing the potential effects of entrainment and to
evaluate available intake technol ogies for the new combined-cycle units of the Moss Landing
Power Plant.

The Moss Landing Power Plant entrainment studies are focused on fishes (all life stages),
Cancer spp. (megalopal life stage), and European green crabs Carcinus maenas (megalopal life
stage). A description of laboratory processing methods is also provided.
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3.1 Entrainment Study

This study was designed to quantify the current composition and abundance of entrained larval
fishes and European green and cancer crab megalops at MLPP. Planktonic fish eggs were not
quantified in this study. Although there are descriptions of many marine eggs, the taxonomy
remains difficult and is very time consuming.

3.1.1 Entrainment Sampling Methods

Towed net sampling began March 2, 1999 and continued through February 24, 2000. Samples
taken from in front of the intakes for the new combined-cycle units and for Units 6 and 7 were
collected by towing a bongo frame with 0.71 m (2.3 ft) diameter openings and equipped with two
335 um mesh plankton nets and codends. Samples were collected over a continuous 24-hour
period; each period was divided into six, 4-hour sampling cycles. Two tows were conducted
during each cycle. Sampleswere collected at stations located directly in front of the intake
structures for both the new combined-cycle units and for Units 6 and 7 (Figure 3-1). Sample
collection methods were similar to those devel oped and used by the California Cooperative
Oceanic and Fisheries Investigation (CalCOFI) in their larval fish studies (Smith and
Richardson, 1977). The bongo nets were lowered as close to the bottom as possible. Once the
nets were at the correct depth, the boat was moved forward and the nets retrieved at an oblique
angle (winch cable at a45° angle). The winch retrieval speed was constant at approximately

1 ft/sec. Each net mouth was fitted with a calibrated flowmeter to record the water volume
filtered.

The target water volume filtered by both bongo nets combined was 40 m3 (20 m3/net). The
sample volume was checked when the nets reach the surface. If the target volume was not
collected, the nets were placed back in the water and the tow repeated so that the targeted volume
was reached. Upon successful completion of atow, the nets were retrieved from the water and
all of the collected material was rinsed into the codend. The contents of both nets were
combined into asingle, labeled jar (constituting one sample) immediately after collection and
were preserved in ethanol (ETOH). Preservation using ETOH allows specimen identifications to
be genetically validated or alows for age and growth studies should the need arise. Each sample
was given a serial number based on the location, date, time, and depth of collection. In addition,
that information was logged onto a sequentially numbered data sheet. The sample’s seria
number was used to track it through laboratory processing, data analyses, and reporting.

Sampling at the new combined-cycle units and Units 6 and 7 intakes occurred once per week
during the peak larval fish season (November through June) and every other week during the off-
peak period (Section 3.1.2). All of the entrainment samples collected from the new CC units and
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the Units 6 and 7 intakes have been sorted and all of the larval fishes and targeted crabs have
been identified. Quality control resorts and taxonomic re-identifications are nearly complete.

Similarity was tested for fish datafrom all surveys (Surveys 1 through 42) from samples
collected in front of the two intake complexes. The results of these tests are discussed in
Section 4.
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Figure 3-1. Moss Landing Power Plant sampling locations.
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3.1.2 Entrainment Sampling Frequency Rationale

Using peak periods of larval abundance from a previous MLPP entrainment study (PG&E, 1983;
Table 3-1), arationale was devel oped for the proposed sampling frequency. The eight taxa
presented in Table 3-1 represent 94 percent of the total abundance of larval fishes entrained
during the years 1978-1980. The observed seasonality of larval abundance from MLPP (PG&E,
1983) corresponds well to reported seasonality from the literature on larval fishes (Matarese et
a., 1989; Moser, 1996) and with a previous study conducted in 1974 — 1978 near the site of the
present survey effort (Yoklavich et a., 1992). Thus, it was proposed to concentrate the sampling
efforts (one 24-hr period per week) during the periods of peak larval abundance observed at
MLPP for the mgority of the eight taxa represented in Table 3-1. Specificaly, increased
sampling efforts from the beginning of November through the end of June (i.e., greater collection
frequency) encompassed the majority of spawning peaks for these eight taxa. Notably, the
observed spawning peak for longjaw mudsucker is not encompassed within the months described
above. However, the year-round presence and continuation of biweekly sampling during the
remainder of the year (July through October) is expected to adequately document the presence
and abundance of this species.

Table 3-1. Common Entrainment Period and Peak Concentrations, in order of Abundance, for the
Eight Most Abundantly Entrained Larval Fish Taxaat MLPP during 1978-1980 (PG& E, 1983).

Name M ost Common_ Entrainment Peak Concentrgtion

Period (number/ m°)

Northern anchovy (Engraulis mordax) November to April 5.4 (March)

Gobies (Gobiidae) Y ear-Round 2.5 (January)

Silversides (Atherinidag) November to April 2.7 (March)

Smelts (Osmeridae) January to September 4.2 (February)

Pacific Staghorn sculpin (Leptocottus armatus) | September to May 0.5 (February)

White croaker (Genyonemus lineatus) August to April 0.7 (November and December)

Longjaw mudsucker (Gillichthys mirabilis) Y ear-Round 0.5 (September and Octaber)

Pacific herring (Clupea pallasi) Two jf::?]’var:g?wp;i ods ar?ye‘fga?g 0.5 (January) and 1.3 (June)

3.2 Source Water Study

3.2.1 Source Water Sampling Methods

The study was designed to characterize the source water composition, abundance, and
distribution of larval fishes and megalopal stages of Cancer spp. and European green crabs. The
entrainment concentrations and intake volumes were compared to source water concentrations
and source water volumes to provide estimates of fractional loss as well as assist in the definition
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of source population boundaries. A description of how the source water volumes were
calculated is presented in Section 6.

Samples were collected at six stations (Table 3-2) monthly in one of two ways; oblique tows for
the ocean and harbor stations and push nets for the Kirby Park and Dairies stations. The
locations for the source water stations are shown in Figure 3-1. The following three stations
were chosen to conform to locations previously studied by Nybakken et al. (1977): (1) between
the Highway 1 Bridge and the entrance to the Moss Landing Harbor, (2) near the Dairies, and
(3) near Kirby Park. The remaining three station locations were chosen based on discussions
with the Technical Work Group during the September 15, 1999 meeting. One additional station
was added in the mouth of the entrance and one ocean station located approximately one mile
(1.6 km) to the north of the harbor entrance and one ocean station located approximately one
mile (1.6 km) to the south of the harbor entrance (Figure 3-1). Two samples of at least 40 m3
were collected in daylight at each station during one high and one low tide. Source water
sampling was scheduled to occur during the same 24-hour period as the entrainment collections.
Sampling at the harbor entrance and ocean stations consisted of an oblique tow using the same
methodology described above. Sampling at the Dairies and Kirby Park stations (Figure 3-1)
consisted of pushing a0.71 m (2.3 ft) diameter net of 335 um mesh on the surfacein front of a
moving boat. All source water samples were processed in the laboratory.

Additional sampling of the Harbor Mouth and Harbor Bridge stations was requested by the TWG
at the January 18, 2000 meeting. The sampling of these stations will be conducted during the
same cycles as the entrainment sampling at the intakes. These additional data will be used to
provide more information about the diel distribution of larval fishes.
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Table 3-2. Collection Specifications for Source Water Sampling at ML PP.

L ocation Station Depth at
Station Name Description (Lat./Long) MLLW
-1-ong. (m/ft)
One mile north of ML harbor mouth, at the 36°48.84' N/
Ocean North 20-meter depth contour. 121°48.40' W 20m/ 66t
One mile south of ML harbor mouth, at the 36°47.44' N/
Ocean South 20-meter depth contour. 121°48.52' W 20m/ 66 ft
Entrance to Moss Landing Harbor from 36°48.38' N /
Harbor Mouth Monterey Bay; between the north and south 1210 4'7 20'W 7m/ 23 ft
breakwaters. ’
. Moss Landing Harbor channel at Highway 1 36°48.292' N /
Harbor Bridge bridge. 121°47 150' W 7m/ 23 ft
Units6and 7 Moss Landing Harbor channel at MLPP Units 36°48.292' N / 55m/ 18 ft
Intake 6 and 7 intake structure. 121°47.130' W )
Dairies Elkhorn Slough main channel about 2.2 km 36°48.74' N/ Am/13ft
(2.4 miles) inland from the Highway 1 bridge. 121°45.70' W
. Elkhorn Slough main channel about 6.2 km 36°50.40'N /
Kirby Park 1 3 9 miles) inland from the Highway 1 bridge. 121°44.75 W 3m/10ft

3.2.2 Comparability of Surface and Oblique Towed Methodologies

Similar to past studies, the MLPP larval fish studies used two different types of sampling gear to
collect samples. Both types were selected to solve a particular sampling challenge associated
with different station locations.

Obliquely towed nets collect a bottom-to-top water column sample and pushed nets sample a
fixed depth, typically at the surface. In the case of the MLPP studies, both gear types used
plankton nets that were equipped with 335 um mesh to collect the same size of planktonic
organisms and used calibrated flowmeters to measure the volume of the sample. It is not
expected that sampling efficiency will vary significantly between obliquely-towed nets and
pushed nets. Although obliquely towed nets vs. pushed nets would be presented with different
water to sample, it is unlikely that the samples collected by the two different methods would
produce statistically different estimates of the water column’slarval concentrations. Both types
of gear had the same diameter net mouths, used the same mesh net, had reduced (M cGowan and
Brown, 1966) or no bridle effects (e.g., push net), and were towed at the same speeds.

These nets are designed to sample plankton efficiently and to minimize biases commonly
associated with sampling planktonic organisms (McGowan and Brown, 1966; Tranter and Smith,
1968). They are conical (widest at the opening) which promotes tumbling of planktonic
organisms down the net sides toward the codend as water is filtered out and away from the net
axis. Thistype of filtration also has the advantage of causing very little damage to the planktonic
organisms aiding in both the laboratory processing and identification phases of sample analysis.
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However, the fine mesh size of these nets (335 pum) makes them susceptible to clogging under
certain conditions (e.g., algal blooms or high turbidity). Clogged nets can be preceded by a
pressure wave reducing filtration efficiency, warning mobile zooplankters of the net's approach
(McGowan and Brown, 1966), and introducing unmeasured bias into the resulting samples due
to avoidance and escapement.

Larval fishes and other planktonic organisms have patchy vertical distributions

(e.g., Schlotterbeck and Connally, 1982; Brewer and Kleppel, 1986; Gray, 1993; Moser and
Smith, 1993; Gray, 1998) which present unique challenges to representative sampling. The
rationale for the use of an oblique tow is that the vertical concentrations of larval fishes vary
significantly in the water column and sampling at only one depth would produce a sample bias
when estimating total water column abundance. For instance, variationsin vertical current
stratification or distribution of planktonic organisms are integrated by the representative
sampling of each sampling stratum (Simpson, 1959; Smith et al., 1968). The pushed net, while
fished at afixed depth, is used in shallow areas where turbulent tidal flow potentially eliminates
water column stratification of larvae (i.e., the vertical larval distribution should be
homogeneous).

Vertical distribution differences are integrated when using an obliquely-towed net and sampling
the entire water column and are nullified by shallow water turbulent mixing in the case of the
pushed-net sampling. It is expected that obliquely towed net samples at the deeper Moss
Landing Harbor sampling locations and pushed-net samples at the shallow Elkhorn Slough
sampling location will be similarly representative of water column plankton concentrations.
Furthermore, if dight differences exist between the towed and pushed nets, it is probable that
these differences could not be statistically detected.

3.3 Laboratory Processing and Data Handling

During laboratory processing all larval fishes and the megalopal stage of Cancer spp. were
removed from the samples. European green crab Carcinus maenas megal ops were searched for
and removed from the samples. Fish eggs were not removed from the samples. Although there
are descriptions of many marine eggs, the taxonomy remains difficult and time consuming.
Larval fishes and targeted crab species megalops were identified to the lowest taxonomic level
possible by TENERA’ s in-house taxonomists. In addition, the lifestages of larval fishes were
identified and recorded on the data sheet. A laboratory quality control (QC) program for all
levels of laboratory sorting and taxonomic identification was applied to all samples. The QC
program also incorporated the use of outside taxonomic experts to provide taxonomic QC and
resolve taxonomic uncertainties.
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Lengths of larval bay goby and longjaw mudsucker were obtained using a computer imaging
system and Optimas image analysis software. A quality assurance program was maintained for
the system operator. The image analysis software was interfaced directly to Microsoft Excel and
subsequently linked to the MLPP database in Microsoft Access.

Laboratory data sheets were coded with species or taxon codes. These codes were verified
against species/taxon lists and signed off by the data manager. The data were then entered into a
computer database for anaysis.

3.4 Sampling Sufficiency

Species accumulation curves were cal culated to assess the adequacy of the sampling effort
(Krebs, 1989). A species accumulation curve depicts the number of new species (species not
encountered before) collected during repeated sampling efforts. It isin effect arunning tally of
the number of species collected. Thetally is cumulative so each speciesis counted only once.
Generally, the slope of a species accumulation curve is steepest during early sampling efforts
when new species are frequently encountered. As sampling continues fewer new species are
collected so the slope of the curve tends toward zero. This trend may be confounded when
computing a species accumulation curve over time and when sampling larval fishes, due to the
reproductive cycles of species within the community. Species accumulation curves were
computed from the mean, maximum, and minimum number of species sampled from 1,000
random iterations of the data to help account for seasonal differencesin reproductive cycles
among species. Results are presented in Section 4.1.1.

3.5 Assessment Methods

Larval sampling at the cooling water intakes at the new combined-cycle units provided periodic
estimates of daily aswell as annual larval entrainment at the MLPP. Estimates of entrainment
loss, in conjunction with demographic data collected from the fisheries literature, permits
modeling of adult equivalent loss (AEL) and fecundity hindcasting (FH). Additional sampling at
the potential source populations of larvae in the source water areas of Moss Landing Harbor,
Elkhorn Slough, and Monterey Bay provides the information that is combined to estimate a total
annual harvest mortality probability using the Empirical Transport Model (ETM). Considering
the guidelines established in the EPA draft document (EPA, 1977) and given the constraints of
the data and avail able demographic information for the larvae entrained, the TWG will determine
which taxa within these groups will be included in more detailed analyses of entrainment effects
when sufficient data have been collected. The data requirements, assumptions, outputs,
advantages, and disadvantages of these approaches are summarized in Tables 3-3 and 3-4. Inthe
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MLPP 316(b) study, we will use each approach (i.e., AEL, FH, and ETM) as appropriate for each
taxon to assess effects of entrainment losses.

3.5.1 Demographic Approaches

Adult equivalent loss models evolved from impact assessments that compared power plant losses
to commercial fisheries harvests and/or estimates of the abundance of adults. In the case of adult
fishes impinged by intake screens, the comparison was relatively straightforward. To compare
the numbers of impinged sub-adults and juveniles and entrained larval fishesto adults, it was
necessary to convert all these losses to adult equivalents. Horst (1975) provided an early
example of the equivalent adult model (EAM) to convert numbers of entrained early life stages of
fishesto their hypothetical adult equivalency. Goodyear (1978) extended the method to include
the extrapolation of impinged juvenile losses to equivalent adults.

Demographic approaches, exemplified by the EAM, produce an absolute measure of 10ss
beginning with simple numerical inventories of entrained or impinged individuals and increasing
in complexity when the inventory results are extrapolated to estimate numbers of adult fishes,
adult crabs, or biomass. We will use two different but related demographic approachesin
assessing entrainment effects at MLPP: AEL, which expresses effects as absolute |osses of
numbers of adults, and FH, which estimates the number of adult females whose reproductive
output has been eliminated by entrainment of larvae and megal ops.

Age-specific survival and fecundity rates are required for AEL and FH. Adult-equivalent loss
estimates require survivorship estimates from the age at entrainment to adult recruitment; FH
requires egg and larval or megalopal survivorship until entrainment. Furthermore, to make
estimation practical, the affected population is assumed to be stable and stationary, and age-
specific survival and fecundity rates are assumed to be constant over time. Each of these
approaches provides estimates of adult fish and crab losses that may still need to be placed into
context regarding standing fish/crab stocks.

Species-specific survivorship information (e.g., age-specific mortality) from egg, larvae, and
megalop to adulthood is limited for many of the taxalikely to be considered in this assessment.
Thus, in many cases, these rates must be inferred from the literature along with their measures of
uncertainty. Uncertainty surrounding published demographic parameters is seldom known and
rarely reported, but the likelihood that it is very large should be considered when interpreting
results from the demographic approaches for estimating entrainment effects. For some well-
studied species (e.g., northern anchovy Engraulis mordax), portions of their early mortality
schedules and fecundity have been reported (e.g., Parker, 1980; Zweifel and Smith, 1981;
Hewitt, 1982; Hewitt and Methot, 1982; Hewitt and Brewer, 1983; Lo 1983, 1985, 1986;
McGurk, 1986). Because the accuracy of the estimated entrainment effects from AEL and FH
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will depend on the accuracy of age-specific mortality and fecundity estimates, lack of
demographic information may limit the utility of these approaches.
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Table 3-3. Data Requirements and Outputs for Three Approaches Proposed to Estimate Effects of
Cooling Water Withdrawals at ML PP.

Approach

Data Required

Assumptions

Output

Proportional
Entrainment
(PE)

Adult Equivalent
Loss
(AEL)

Fecundity Hindcast
(FH)

» Taxon-specific estimates of « Source water samples

entrainment losses.

e Comparable life-stage

estimates of taxon's

abundance (concentration)

in source water.

are representative of
the composition and
abundance of larvae
and megalopsin the
study area.

Entrainment samples
are representative of
the organisms
entrained in the
cooling water.

Estimated fraction of
larval and megalopal
concentration
removed from the
source water by
entrainment.

 Taxon-specific estimates of

entrainment and
impingement losses.

» Age-specific mortality
schedules for selected taxa

from entrainment-
impingement to some

predetermined life stage

(e.g., recruitment).

* Fishery resource abundance

estimates for relative
impact assessments.

Age-specific mortality
rates are constant for
the population.

Population at long-
term equilibrium for
relative impact
assessments (not
required for
calculations).

Entrainment samples
are representative of
the organisms
entrained in the
cooling water.

Number of animals
that would have
survived to adulthood
had they not been
entrained or impinged
by the intake.

 Taxon-specific estimates of

entrainment and
impingement |osses.

* Species- and age-specific

adult fecundity.

» Age-specific mortality
schedules for selected taxa
from parturition/hatch to
entrai nment/impingement.

Age-specific mortality
rates are constant for
the population.

Population at long-
term equilibrium for
relative impact
assessments (not
required for
calculations).

Entrainment samples
are representative of
the organisms
entrained in the
cooling water.

Number of sexually
mature females
represented by the
losses of reproductive
output dueto
entrainment and/or
impingement.
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Table 3-4. Advantages and Disadvantages of the Three Approaches Proposed to Estimate Effects

in the MLPP 316(b) Assessment.
Approach Advantages Disadvantages
Proportional  Empirical estimate of PE compares « Monterey Bay taxa (e.g., Genyonemus
Entrainment larvae or megal ops entrained to lineatus) not adequately sampled in
(PE) larvae or megalops in the source present design.
water.

» Age- and species-specific
survivorship data not required.

« Local adult population sizes not well
described by fishery catch datafor
mixed species (e.g., Sebastes spp.,
Pleuronectidae, etc.).

» Scaling intake effects up to population
level impacts will be problematic.

Adult Equivalent  « Entrainment/impingement |osses

Loss are expressed as adults facilitating
(AEL) the interpretation of population-
level impacts.

» Common usage in 316(b) studies.

« Difficult to interpret for entrained
organisms in broad taxonomic
categories (e.g., Gobiidae spp.)
containing multiple life-histories.

» Age- and species-specific mortality
data arelittle known or unavailable for
many organisms that are
entrained/impinged by the intakes.

« Local adult population sizes not well
described by fishery catch datafor
mixed species (e.g., Sebastes spp.,
Pleuronectidae, etc.).

Fecundity Hindcast « Entrainment/impingement losses

(FH) are expressed as adults facilitating
the interpretation of population-
level impacts.

» Age- and species-specific mortality
data are little known or unavailable for
many organisms that are
entrained/impinged by the intakes.

* Local adult population sizes not well
described by fishery catch data for
mixed species (e.g., Sebastes spp,
Pleuronectidae, etc).

« Scaling intake effects up to population
level impacts will be problematic.

» Age- and species-specific fecundity
data have not been previously reported
for many organismsthat are
entrained/impinged by intakes.
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The precursor to the AEL and FH calculations is an estimate of total annual larval and megalopal
entrainment. An estimate of larval and megalopal entrainment at the new combined-cycle units
intake will be based on periodic tow samples with total annual entrainment at MLPP expressed
as

A~ A

E =F, (1)
where ECC is the estimate of total entrainment at the new combined-cycle units intake

(Appendix A). Estimates of total entrainment at the intake are based on two-stage sampling
designs, with days within periods and replicate tows within days. The within-day sampling is
based on a stratified random sampling scheme with 4 temporal strata corresponding to tidal flows
(Appendix A).

3.5.1.1 Adult Equivalent Loss (AEL)
The AEL approach uses estimates of the abundance of the entrained or impinged organisms (i.e.,

ET) to project the loss of equivalent numbers of adults based on mortality schedules and age-at-
recruitment. The primary advantage of this approach is that it translates power plant-induced
early life-stage mortality into numbers of adult fishes and adult cancer crabs that are familiar
units to resource managers. Adult equivalent loss does not require source water estimates of
larval or megalopal abundance in assessing effects. This latter advantage may be offset by the
need to gather age-specific mortality rates to predict adult losses and the need for information on
the adult population of interest for estimating population-level effects (i.e., fractional losses).
However, the need for age-specific mortality estimates can be reduced by various forms of
approximation as show by Saila et al. (1997). They describe an AEL and apply it to six years of
entrainment and two years of impingement data for winter flounder Pleuronectes americanus,
red hake Urophycis chuss, and pollock Pollachius virens at the Seabrook Station, in New
Hampshire, and contrast these with equivalent adult losses of winter flounder at Pilgrim Station,

- another coastal power plant. Their model assumes an adult population at equilibrium, a stable
age distribution, a constant male:female ratio, and an absence of density-dependent (i.e.,
compensatory) mortality between entrainment and recruitment to the adults.

Starting with the number of age class i larvae entrained (E, ) , it is conceptually easy to convert

these numbers to an equivalent number of adults lost (AEL) at some specified age class from the

formula:

AEL =" ES, )
i=1
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where
n = number of age classes;
ffi = estimated number of larvae and megalops lost in age class 7; and
S, = survival probability for the ith class to adulthood (Goodyear, 1978).

Age-specific survival rates from larval and megalopal stages to recruitment into the fishery must
be included in this assessment method. For some commercial species, natural survival rates are
known after the fishes or crabs recruit into the commercial fishery. For the earlier years of
development, this information is not well-known and may be lacking for non-commercial
species.

The information on survival probabilities in Equation (2) will likely be unknown, in which case a
simplified AEL expression can be written as

AEL=E, S, (3)
where

A~

S, = survival from the average age of larval entrainment to adulthood.

The exact variance for Equation (2) can be expressed as
Var(AE'L) = E% . Var(ET) +57- Var(S’A ) + Var(ET)- Var(S'A).

The behavior of estimator (3) for AEL appears log-linear, suggesting that an approximate

confidence interval can be based on the assumptions that In( AEL) is normally distributed and
uses the pivotal quantity

_InAEL-1n AEL
[V&r(AEL)
AEL?

A 90 percent confidence interval for AEL was estimated by solving for AEL and setting Z equal
to £1.645, i.e.

VA

R —1.645\”/&"—(:45{'2 o +leas | LarGAEL)
AEL-e AEL t0 AEL-e AR

3.5.1.2 Fecundity Hindcasting (FH)

The FH approach compares larval and megalopal entrainment losses with adult fecundity to
estimate the amount of adult female reproductive output eliminated by entrainment and thereby
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hindcasts the numbers of adult females effectively removed from the reproductively active
population. The accuracy of these estimates of effects, as with those of the AEL above, is
dependent upon accurate estimates of age-specific mortality from the egg and early larval or
megalopal stages to entrainment. If it can be assumed that the adult population has been stable at
some current level of exploitation and that the male:female ratio is constant and 50:50, then
fecundity and mortality are integrated into an estimate of loss by converting entrained larvae and
megalops back into females (i.e., hindcasting).

A potential advantage of FH is that survivorship need only be estimated for a relatively short
period of the larval stage (i.e., egg to larval or megalopal entrainment). The method requires
age-specific mortality rates and fecundities to estimate entrainment effects and some knowledge
of the abundance of adults to assess the fractional losses these effects represent. This method
assumes that the loss of a single female’s reproductive potential is equivalent to the loss of an
adult fish or crab which may be inaccurate.

In the FH approach, the total of larval entrainment for a species (ET) will be projected backward
to estimate the number of breeding females required to provide the numbers of larvae and
megalops seen in the entrainment samples. The estimated number of breeding females (ﬁ H )

whose fecundity is equal to the total loss of entrained larvae and megalops would be calculated
as follows:

&)

o;l\ >

’*qll—a

where

w = number of weeks the larvae or megalops are vulnerable to entrainment;

E - = estimated total entrainment for the jth week (j =1,..., w);
§; = survival rate from eggs to larvae of the stage present in the jth week (j =1,..., w);
F;. = average total lifetime fecundity for females, equivalent to the average number of

eggs spawned per female over their reproductive years.

The two key input parameters in Equation (5) are fecundity ]%T and very early survival rates (S j)

from spawning to week j of the survey. Descriptions of these parameters may be limited for
many species and are a possible limitation of the method. Typically, the information for the fine-
grained age structure of the Equation (5 ) will not be available, and the FH calculations will be
reduced to
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A~

FH = (©)
FTSL

where

S; =survival from egg to the average age of larval entrainment.

The variance for the F'H calculations [Equation (6)] is

Var(FH) = (FH)Z[CV(ET)Z +CV(1%T)2 +cr(3, )2] 7
where, in general,
~ Var(b)

CV(I9)2 =

The behavior of estimator (7) for FH appears log-linear, suggesting that an approximate

confidence interval can be based on the assumptions that In( FH ) is normally distributed and
uses the pivotal quantity

_InFH-WInFH
[Var(ﬁ’H)
- FH?

A 90 percent confidence interval for FH was estimated by solving for F'H and setting Z equal to
+1.645, i.e.

VA

3.5.2 Empirical Transport Model (ETM)

The empirical transport model (E7M) has been proposed by the U.S. Fish and Wildlife Service to
estimate mortality rates resulting from cooling water withdrawals at power plants (Boreman

et al., 1978, 1981). Variations of this model have been discussed in MacCall et al. (1983) and
used to assess impacts (Parker and DeMartini, 1989). The ETM has been used to assess impacts
at the Salem Nuclear Generating Station in Delaware Bay, New Jersey (PSE&G, 1993) as well
as other power stations along the East Coast. The ETM approach was also used at the Diablo
Canyon Power Plant in central California. We will employ a method similar to that described by
MacCall et al. (1983) and used by Parker and DeMartini (1989) while under contract to the
Marine Review Committee in their final report to the California Coastal Commission (Murdoch
et al., 1989) for San Onofre Nuclear Generating Station on the coast of southern California.
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Empirical transport modeling permits the estimation of annual conditional mortality due to
entrainment while accounting for the spatial and temporal variability in distribution and
vulnerability of each life stage to power plant withdrawals. The generalized form of ETM
incorporates many time-, space-, and age-specific estimates of source water larval and megal opal
mortality as well as information regarding spawning periodicity and duration, most of which are
limited or unknown for the marine taxa being investigated.

At MLPP, the larval and megalopal source population has a priori been defined as those larvae
and megalops in the Monterey Bay, Moss Landing Harbor, and Elkhorn Slough as shown in
Figure 3-2.

3.5.2.1 Source Water and Receiving Water Volumes

A variety of methods were used to estimate the volumes of the source and receiving water bodies
associated with the Moss Landing Power Plant. The methods used to determine the static water
volumes of Moss Landing Harbor, Elkhorn Slough, and a prescribed nearshore portion of
Monterey Bay (ocean source water) are presented below. Where it is applicable, the methods
used to determine the daily tidal exchange of the individual water bodies are also given.

Monterey Bay (nearshore) / MLPP Ocean Source Water

The volume of Monterey Bay water providing MLPP cooling water was estimated by two
methods. The first method was based on the rationale that the majority of entrained bay species
originated in the shallow bay habitats in contact with nearshore currents reaching the harbor
entrance. Ocean bottom depths immediately in front of the harbor’ s entrance plunge rapidly into
the Monterey Canyon. The bay’s depths to the north and south shoal to become broad sand and
mud bottom plains characteristic of the bays nearshore habitat for white croaker and Pacific
staghorn sculpin; the only bay species appearing in MLPP entrainment samples in any number.
The volume of this nearshore, source-water habitat was calculated for the area one kilometer
north and one kilometer south of the harbor entrance out to a depth of 50 m. In discussions with
the Technical Working Group and California Energy Commission staff, it was agreed to bound
our estimate of Monterey Bay source water volume based on habitat with the daily tidal
exchange volume of the harbor/slough.

Methods and sources of information used to estimate this range of Monterey source water
volume are described here. For the purposes of this study, the nearshore waters of Monterey
Bay/MLPP ocean source waters are defined as those lying along a shoreline reach of 2,000 m to
the north and south of the Moss Landing Harbor entrance and extending out to a depth of 50 m
(Figure 3-2). The volume of this water body was calculated using the information provided by
the National Oceanic and Atmospheric Administration (NOAA) chart # 18685 (31 edition,
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May 16, 1998). The area described above was inscribed on the chart and then subsequently
divided into small sectors of simple geometric shapes. The size of the sectors was dependent
upon the nature of the complexity of the bottom characteristics within the sector. Areas with
large expanses of bottom topography having fairly uniform slopes were enclosed within suitably
large geometric sectors. Areas with more complex bottom topography, like those in the vicinity
of the Monterey submarine canyon, were enclosed in relatively small sectors. The purpose of
this exercise was to provide sectors that were of a size that allowed easy estimation of the
average depth within the sector. When this was completed the surface area of each sector and its
volume, based on the average depth within the sector, were calculated. When the sector volumes
were totaled, the ocean source water volume was determined to be 275 x 10°m?>. It should be
noted that the depth soundings found on NOAA chart #18685 are given at Mean Lower Low
Water (MLLW) (0.0 feet). The volumes of the other water bodies associated with the MLPP
(see below) were subsequently adjusted to be representative of tidal conditions equivalent to
Mean SealLevel (MSL) (+2.7 feet). The ocean source water volume, however, islittle affected
by tidal fluctuations since the border that definesits area, the 50-m isobath, also fluctuatesin
position with the rise and fall of the tides.

Moss Landing Harbor

The volume of Moss Landing Harbor was determined using methods similar to those used to
determine the volume of the Monterey Bay nearshore /ocean source water. Depth soundings
were again taken from NOAA chart #18685. The chart also contains detailed information on the
dredge depths of the boat channels and turning basins within the harbor. The harbor was defined
asthe area from the ends of the breakwaters (harbor mouth) east to the mouth of Elkhorn Slough
(Highway 1 bridge) and included the north and south arms of the navigable harbor (Figure 3-2).
The harbor was divided into geometric sectors and the average depth, surface area, and sector
volume were then calculated. The total volume of the harbor at MLLW was determined to be
770,000 m®. The volume of the harbor at MSL was calculated by multiplying the total surface
area of the harbor by the differencein tidal height between MSL and MLLW (2.7 feet) and
adding the resulting number to the MLLW volume. Volume at MSL was calculated to be 1.15 x
10°m?®. Daily tidal exchange for the harbor alone was calculated to be 1.03 x 10° m® based on a
mean tide range of 3.6 feet and the calculated harbor area.

Elkhorn Slough

In the 1983 316(b) Demonstration report, Pacific Gas and Electric Company listed the total
volume of Elkhorn Slough at MSL to be 4.8 x 10° m® (PG&E, 1983). Since that time channel
erosion, accompanied by dike and levee breaches, have increased the total surface area and tidal
volume of the system (Figure 3-2). Malzone and Kvitek (1994) reported a 43 percent increasein
tidal volume and a 48 percent increase in the total surface area of the system over the decade
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preceding their work. Based on bathymetric surveys conducted in 1993 and direct tidal
measurements taken within the slough, they calculated the total tidal volume of the system to be
5.55 x 10° m®. This equatesto adaily (25-hr) tidal exchange of 11.1 x 10° m® for the slough
system. Using the data collected during the 1993 surveys, Malzone (1999) calculated the total
volume of the Elkhorn Slough system to be 10 x 10° m® at MSL.
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Figure 3-2. Location of Monterey Bay nearshore ML PP ocean source water, Moss Landing Harbor, and
Elkhorn Slough areas used in calculating source water and receiving water volumes.
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The purpose of the E7M calculations is to estimate the probability of mortality of larvae and
megalops associated with power plant entrainment. The calculations require not only the
abundance of larvae and megalops entrained but also the abundance of the larval and megalopal
populations at risk of entrainment. The sampling at the cooling water intakes is used to estimate
entrained numbers.

On any one sampling day, the conditional entrainment mortality can be expressed as

ET
PE, == )

if
where
E,JT = total numbers of larvae entrained on the jth day (j=1,...,d,) of the ith temporal
sampling stratum (i=1,..., L);
R;; = numbers of larvae at risk of entrainment, i.e., abundance of larvae in Monterey Bay
(MB), Moss Landing Harbor (MLH), and Elkhorn Slough (ES).

In turn, the abundance of entrained larvae and megalops can be expressed as the entrainment
numbers at the new combined-cycle units intake where

E; =E° (10)
and E,.fc is the entrainment abundance at the new combined-cycle units intake on the jth

sampling day. With the larval and megalopal source populations a priori defined, the abundance
of larvae and megalops at risk can then be directly expressed as

Rij =V BA/BU +Voan EMLHy + Vs 'BES,] (1)

where V' denotes the water volume and D, the average larval and megalopal concentration in a
source population during the ijth sampling day. Combining Equations (9-11), the probability of
entrainment for a larvae and megalop in the three source populations during the ijth sampling
day can be estimated (Appendix C) by

~CC
~ Eﬁ

PE =

A A~

(Vm : 5MBy + VA/EH BMBy + VES 'DESfj
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CC
A Elj

PE =

(VMB EMBU +V!le Emrj +VES 'BEsy') (12)

The ETM model uses the periodic estimates of PE to estimate the annual probability of

entrainment mortality ( P, ).

How the ETM calculations incorporate the individual estimates of PE; depends on the nature of

the entrainment process and on the nature of the spawning and hatching sequence of the fish or
crab species. Model formulation will differ whether there is a single synchronous breeding or
whether there is multiple overlapping breeding by the species. In the case of a single
synchronous breeding within a survey period, the ETM can be formulated as

B, =1-ifi(1—PE,)Df (13)

where D, = number of days that larvae or megalops are susceptible to entrainment in the ith
sampling period and f; = the fraction of the spawning that occurred during the ith sampling
period. In Equation (13), the estimated entrainment mortality probability PE, is assumed to be

representative of the daily mortality during the D, period of time.

In the case where there are multiple non-overlapping spawnings, the ETM calculations can be
formulated as

P, =1->>f,(-PE)" (14)

L d,'
i=1

j1

where f;; = fraction of the spawning that occurred during the ijth sampling period, D, = the

number of days in the ijth sampling period, and d; are the number of broods in the ith sampling
period. Equation (14) assumes the population-wide probability of entrainment is the essence of
the ETM approach of MacCall et al. (1983). If this population is stable and stationary, then 13M

is also an indicator of the effects on the fully recruited age classes when no compensatory natural
mortality is assumed.
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4.0 ENTRAINMENT AND SOURCE WATER RESULTS

Larval fish and targeted crab species data presented in this section are from entrainment and
source water samples that have had the laboratory processing procedure completed. Entrainment
data are from weekly 24-hour surveys conducted from March 2, 1999 through June 30, 1999 and
from surveys conducted every other week from July through October 1999. Data from the
weekly surveysin November 1999 through February 2000 from the new combined-cycle units
intake are also discussed. The remaining samples collected from the Units 6 and 7 intake are
currently being processed and the resulting data will be reported in the Final 316(b)
demonstration. Data from all monthly source water samples from inception (June 1999) through
February 2000 are also presented.

Based on discussions at the January 18, 2000 Technical Working Group meeting, we measured a
sub-sample of bay goby Lepidogobius lepidus and all longjaw mudsucker Gillichthys mirabilis
larvae from the following surveys:

the new combined-cycle units intake entrainment surveys that coincided with monthly
source water surveys (June 1999 through January 2000), and

all source water samples (June 1999 through January 2000).

These length data will be used to estimate the ages of larvae entrained and the larvae available
from the source populations. These data are presented in Section 4.4 for bay goby and Section
4.9 for longjaw mudsucker. Both species collected in the February 2000 surveys are currently
being measured and the data will be presented in the next report.

4.1 Entrainment Study Results

Eight taxa of larval fishes comprised 95 percent of the total numbers of taxa collected in
entrainment samples (Figure 4-1a). The taxa, listed in decreasing order of abundance, were:
unidentified gobies Gobiidae (53.2 percent), bay goby Lepidogobius lepidus (30.4 percent),
blackeye goby Coryphopterus nicholsi (3.0 percent), Pacific staghorn sculpin Leptocottus
armatus (2.2 percent), white croaker Genyonemus lineatus (2.1 percent), blennies Hypsoblennius
spp. (1.9 percent), longjaw mudsucker Gillichthys mirabilis (1.2 percent), and Pacific herring
Clupea pallasi (0.9 percent). Of the 95 percent, nearly 88 percent were represented by members
of one Family—Gobiidae. This Family included the unidentified gobies, bay goby, blackeye
goby, and longjaw mudsucker.
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The life histories, range of populations, and habitat descriptions for these taxa are presented in
Sections 4-3 through 4-10. Information is presented on the temporal and diurnal concentrations
of these taxa collected from in front of the intake of the new combined-cycle units. Mean
entrainment concentrations (no./1,000 m®) for all larval fishes separated by unit groups, for all
surveys are presented in Table 4-1. Brief comparisons are made of these current data with the
previous 1978 - 1980 entrainment data (PG& E, 1983). The eight taxa listed above are discussed
individually in Sections 4.3 through 4.10. Impact assessment analyses for these eight taxa are
presented in Section 6.

Six species of Cancridae and one unknown Cancer spp. megal ops were collected in entrainment
samples at the new CC unitsintake (Figure 4-1b). The species, listed in decreasing order of
abundance were: hairy rock crab Cancer jordani (29.3 percent), yellow rock crab Cancer
anthonyi (19.6 percent), brown rock crab Cancer antennarius (19.0 percent), dungeness crab
Cancer magister (14.7 percent), red rock crab Cancer productus (9.8 percent), slender rock crab
Cancer gracilis (7.1 percent), and unidentified Cancer spp. (0.5 percent).

The life histories, range of populations, and habitat descriptions for these rock crabs and the
European green crab are presented in Sections 4-11 through 4-18. Mean entrainment
concentrations (no./1,000 m®) for al targeted crab species, separated by unit groups, for all
surveys are presented in Table 4-1. Impact assessment analyses for all megalopal Cancer spp.
crabs are presented in Section 6.
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Figure4-1. a) Percent composition of the most abundant larval fish taxa and b) Cancer spp. megalops
collected in entrainment surveys at the Moss Landing Power Plant: March 1999 through February 2000.
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4.0 Entrainment and Source Water Results

Table 4-1. Mean Concentrations (#/1,000 m°) of all Larval Fish Taxa and Megalops of Cancer spp. and
European Green Crabs Collected in front of the Moss Landing Power Plant New Combined-cycle Units and

Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 1 Survey 2 Survey 3 Survey 4 Survey 5
March 2-3, 1999 March 8-9, 1999 March 14-15, 1999 March 22-23, 1999 March 30-31, 1999
Taxon Common Name Count | New CC Units Units 6& 7 New CCUnits ~ Units6&7 | New CCUnits  Units6&7 | New CCUnits  Units6&7 | New CCUnits  Units6&7
N=12 N=12 N=12 N=12 N =12 N =12 N=12 N=12 N=12 N=12

Ct. Den. Ct Den.| Ct Den. Ct.  Den. Ct. Den. Ct. Den Ct. Den. Ct. Den| Ct Den. Ct.  Den.
Ammodytes hexapterus Pacific sand lance 191 3 32 1 0.8 1 1.7 2 28
Artedius lateralis smoothhead sculpin 4 1 12 2 31
Artedius spp. sculpins 35 3 42 1 12 8 129 2 31 2 38 2 39
Atherinidae unid. silversides 94 1 15
Atherinops affinis topsmelt 19
Atherinopsis californiensis jacksmelt 349 20 26.1 9 130 5 6.9 4 6.4 6 85 1 22 4 52
Aulorhynchus flavidus tubesnout 2
Bathylagus ochotensis popeye blacksmelt 1
Bathymasteridae unid. ronquils 1 1 15
Blennioidei blennies 3
Brosmophycis marginata red brotula 1
Cebidichthys violaceus monkeyface eel 195 3 36 3 45 4 56 2 35 1 12
Chaenopsidae unid. tube blennies 19
Citharichthys sordidus Pacific sanddab 8
Citharichthys stigmaeus speckled sanddab 12
Clinocottus analis wooly sculpin 9
Clupea pallasii Pecific herring 830 7 9.3 7 108 3 38 6 9.8 10 140 46 788 7 103 30 576 9 134 4 6.6
Clupeidae unid. herrings 14 1 21
Clupeiformes herrings and anchovies 15
Coryphopterus nicholsi blackeye goby 1,637 1 12 11 159 2 3.6 4 6.4 1 17 8 118 8 123 10 153 13 223
Cottidae unid. sculpins 124 2 26 3 32 4 59 7 118 1 15 1 17
Cottus asper prickly sculpin 234 9 11.0 29 424 3 4.1 7 115 3 4.0 39 803 1 16 7 126 1 17 4 6.9
Engraulis mordax northern anchovy 223
Genyonemus lineatus white croaker 1,101 7 83 2 31| 143 1965 103 167.4 1 13 1 15
Gibbonsia spp. clinid kelpfishes 17
Gillichthys mirabilis longjaw mudsucker 882 15 197 13 197 1 15 3 53 5 76 7 131 7 103 7 130 8 132 14 267
Gobiesocidae unid. clingfishes 1 1 12
Gobiesox spp. clingfishes 2 1 1.6
Gobiidae - type | gobies 2
Gobiidae unid. gobies 29,211 599 7418 442 651.0| 182 2629 142 2486| 629 959.1 345 6185| 244 3717 197 360.8| 448 689.2 498 8614
Hexagrammidae unid. greenlings 2 1 1.7
Hypsoblennius spp. blennies 1,163
larval fish - damaged unidentified larval fishes 67
larval fish fragment unidentified larval fishes 274 4 45 3 52 3 45 1 18 1 14 1 19 1 12 1 13
larval/post-larval fish, unid. unidentified larval fishes 29 1 16 1 15 1 17 3 4.0 6 93 2 29
Lepidogobius lepidus bay goby 14337| 145 1859 32 37.6 67 93.4 44 766 112 159.2 28 483 48 73.0 25 441 74 1114 24 446
Leptocottus armatus Pecific staghorn sculpin 1,431 33 423 27 41.7 24 36.0 18 294 28 40.1 15 239 4 59 1 16 17 243 10 184
Leuroglossus stilbius Cadlifornia smoothtongue 1
Liparisfucensis dlipskin snailfish 1 1 15
Liparis spp. snailfishes 6
Oligocottus spp. sculpins 24
Ophidiidae unid. cusk-eels 1
Ophiodon elongatus lingcod 1
Osmeridae unid. smelts 391 5 73 5 738 4 52 2 38 2 24 1 14 7 10.0 16 279
Oxylebius pictus painted greenling 10 2 29 1 15
Parophrys vetulus English sole 14 7 95 1 1.7 2 3.0
Pholididae unid. gunnels 3 1 1.6
Pleuronectes bilineatus rock sole 11
Pleuronectes isolepis butter sole 2
Pleuronectidae unid. flounders 58 1 15 1 14
Pleuronectiformes unid. flatfishes 28 1 17 1 19
Psettichthys melanostictus sand sole 4 1 13
Ruscarius creaseri rouchcheek sculpin 5
Sardinops sagax Pacific sardine 3
Scorpaenichthys marmoratus cabezon 5
Sebastes spp. rockfishes 2
Sebastes spp. V rockfishes 18 1 1.6
Sebastes spp. V_D rockfishes 2
Sebastes spp. V_De rockfishes 29 4 6.3 1 17 2 3.6
Sebastes spp. VD rockfishes 3
Sebastes spp. VP rockfishes 1 1 11
Sebastolobus spp. thornyheads 74
Senobrachius leucopsarus northern lampfish 340 1 12 1 15 3 43 3 4.8 8 111 7 112
Stichaeidae unid. pricklebacks 7 1 12 1 13
Syngnathidae unid. pipefishes 4
Syngnathus spp. pipefishes 5
Tarletonbeania crenularis blue lanternfish 25
Typhlogobius californiensis blind goby 1

FISH TOTALS: 53,618| 865 583 463 352 820 487 336 291 582 589
Cancer antennarius (megaops) brown rock crab 47 1 13
Cancer anthonyi (megaops) yellow rock crab 55
Cancer gracilis (megaops) slender rock crab 25 1 13
Cancer jordani (megalops) hairy rock crab 124
Cancer magister (megaops) dungeness crab 37
Cancer productus (mega ops) red rock crab 28 1 14 1 1.8 1 15
Cancer spp. (megalops) unidentified cancer crabs 5
Carcinus maenas (megal ops) European green crab 5
CRAB TOTALS: 326 0 0 1 0 2 0 0 1 1 0
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4.0 Entrainment and Source Water Results

Table 4-1. (continued). Mean Concentrations (#/1,000 m°) of all Larval Fish Taxa and Megal ops of
Cancer spp. and European Green Crabs Collected in front of the Moss Landing Power Plant New
Combined-cycle Units and Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 6 Survey 7 Survey 8 Survey 9 Survey 10
April 4-5,1999 April 15-16, 1999 April 22-23, 1999 April 23-30, 1999 May 6-7, 1999
Taxon Common Name New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7
N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12
Ct. Den.  Ct Den. Ct. Den. Ct. Den. Ct. Den.  Ct Den. Ct. Den. Ct. Den. Ct. Den. Ct. Den.
Ammodytes hexapterus Pacific sand lance
Artedius lateralis smoothhead sculpin 1 14
Artedius spp. sculpins 1 15 2 32 1 13 1 1.9
Atherinidae unid. silversides
Atherinops affinis topsmelt 1 1.6
Atherinopsis californiensis jacksmelt 3 4.2 4 6.4 3 43 2 31
Aulorhynchus flavidus tubesnout 1 1.7
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies
Brosmophycis marginata red brotula 1 14
Cebidichthys violaceus monkeyface eel 12 173 42 738 8 108 2 35 38 63.8 5 8.7
Chaenopsidae unid. tube blennies 1 11 1 1.8
Citharichthys sordidus Pacific sanddab
Citharichthys stigmaeus speckled sanddab
Clinocottus analis wooly sculpin 1 14
Clupea pallasii Pecific herring 4 6.6 7 10.4 12 16.1 19 30.6 54 79.7 39 67.3 24 39.1 31 52.7 2 37 8 138
Clupeidae unid. herrings 1 14 2 35 2 29 1 20
Clupeiformes herrings and anchovies 4 6.7
Coryphopterus nicholsi blackeye goby 18 259 18 29.7 11 146 8 126 35 47.4 24 40.2 2 3.0 14 237 56 95.5 20 37.0
Cottidae unid. sculpins 2 26 1 1.9 1 14 1 1.9
Cottus asper prickly sculpin 6 9.4 7 112 6 8.4 5 8.6 1 11 2 34 3 4.6
Engraulis mordax northern anchovy 1 14 1 1.8
Genyonemus lineatus white croaker 1 1.6
Gibbonsia spp. clinid kelpfishes 1 15
Gillichthys mirabilis longjaw mudsucker 10 170 5 75 8 107 11 170 6 9.1 3 5.4 3 47 9 153 6 11.2 2 4.1
Gobiesocidae unid. clingfishes
Gobiesox spp. clingfishes 1 13
Gobiidae - type | gobies
Gobiidae unid. gobies 489 7228 303 4943 419 5727 331 5263 497 7179 259 459.7( 286 4142 219 3781| 509 8726 274 4983
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies 1 11
larval fish - damaged unidentified larval fishes
larval fish fragment unidentified larval fishes 1 12 2 238 4 51 1 17 1 18 1 19 1 19
larval/post-larval fish, unid. unidentified larval fishes
Lepidogobius lepidus bay goby 401 4855 23 36.7 30 41.0 5 76 165 2298 49 86.6 54 75.1 25 36.9 15 223 7 123
Leptocottus armatus Pacific staghorn sculpin 5 6.9 9 135 3 41 5 76 6 8.3 1 1.9 1 1.9 2 32 2 4.2
Leuroglossus stilbius Cadlifornia smoothtongue
Liparisfucensis dlipskin snailfish
Liparis spp. snailfishes 1 1.6
Oligocottus spp. sculpins
Ophidiidae unid. cusk-eels
Ophiodon elongatus lingcod
Osmeridae unid. smelts 8 9.4 5 6.8 42 58.0 38 60.7 2 26 1 16 3 42 10 16.9 1 23
Oxylebius pictus painted greenling 2 34 1 13
Parophrys vetulus English sole
Pholididae unid. gunnels
Pleuronectes bilineatus rock sole
Pleuronectes isolepis butter sole
Pleuronectidae unid. flounders 1 16
Pleuronectiformes unid. flatfishes 1 14
Psettichthys melanostictus sand sole
Ruscarius creaseri rouchcheek sculpin 1 1.7 1 1.9 1 15 1 1.9
Sardinops sagax Pacific sardine
Scorpaenichthys marmoratus cabezon
Sebastes spp. rockfishes
Sebastes spp. V rockfishes
Sebastes spp. V_D rockfishes 1 1.9
Sebastes spp. V_De rockfishes 3 4.7 2 37 5 8.3
Sebastes spp. VD rockfishes
Sebastes spp. VP rockfishes
Sebastolobus spp. thornyheads
Senobrachius leucopsarus northern lampfish 1 14
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes
Syngnathus spp. pipefishes
Tarletonbeania crenularis blue lanternfish
Typhlogobius californiensis blind goby
FISH TOTALS:| 964 431 539 429 781 393 375 314 638 324
Cancer antennarius (megaops) brown rock crab 1 1.6
Cancer anthonyi (megaops) yellow rock crab
Cancer gracilis (megaops) slender rock crab
Cancer jordani (megalops) hairy rock crab
Cancer magister (megaops) dungeness crab 2 27 1 1.6 6 7.8 2 34 1 12 2 27 4 6.7
Cancer productus (mega ops) red rock crab
Cancer spp. (megalops) unidentified cancer crabs
Carcinus maenas (megal ops) European green crab 2 2.8 1 1.2 1 1.6
CRAB TOTALS: 1 0 4 1 7 2 1 1 2 4
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4.0 Entrainment and Source Water Results

Table 4-1. (continued). Mean Concentrations (#/1,000 m®) of all Larval Fish Taxa, Mega ops of Cancer
spp. and European Green Crabs Collected in front of the Moss Landing Power Plant New Combined-cycle
Units and Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 11 Survey 12 Survey 13 Survey 14 Survey 15
May 13-14, 1999 May 20-21, 1999 May 27-28, 1999 June 3-4, 1999 June 10-11, 1999
Taxon Common Name New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7
N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12

Ct. Den.  Ct Den. Ct. Den. Ct. Den[ Ct Den. Ct. Den. Ct. Den. Ct. Den[ Ct Den. Ct. Den.
Ammodytes hexapterus Pacific sand lance
Artedius lateralis smoothhead sculpin
Artedius spp. sculpins 1 14 1 16 1 15 1 17 2 34 1 16
Atherinidae unid. silversides 1 15 1 16 1 13 2 25 1 15 2 3.0
Atherinops affinis topsmelt 1 15 1 1.6 1 1.6 1 13 2 29
Atherinopsis californiensis jacksmelt
Aulorhynchus flavidus tubesnout
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies
Brosmophycis marginata red brotula
Cebidichthys violaceus monkeyface eel 1 13 12 16.5 2 3.0 29 34.1 9 11.2 1 17
Chaenopsidae unid. tube blennies
Citharichthys sordidus Pacific sanddab
Citharichthys stigmaeus speckled sanddab
Clinocottus analis wooly sculpin
Clupea pallasii Pecific herring 6 8.6 19 272 1 16 12 184 2 27 17 249 6 9.1 12 20.6 7 9.4 10 15.0
Clupeidae unid. herrings 2 25 2 31
Clupeiformes herrings and anchovies
Coryphopterus nicholsi blackeye goby 10 145 1 13 71 99.2 153 2305 13 183 3 45 51 65.2 17 254 59 773 33 49.0
Cottidae unid. sculpins 1 1.8 1 1.6 1 12 1 15
Cottus asper prickly sculpin 1 15 1 1.6
Engraulis mordax northern anchovy
Genyonemus lineatus white croaker
Gibbonsia spp. clinid kelpfishes 1 16 1 15 3 37 2 29 1 21
Gillichthys mirabilis longjaw mudsucker 9 122 2 3.0 6 838 14 211 4 59 6 9.0 10 14.4 13 19.2 22 347 21 423
Gobiesocidae unid. clingfishes
Gobiesox spp. clingfishes
Gobiidae - type | gobies 2 24
Gobiidae unid. gobies 556 7575 218 3238| 180 2487 125 1858 404 5637 134 2112| 649 8453 221 341.3| 783 11646 290  550.0
Hexagrammidae unid. greenlings 1 12
Hypsoblennius spp. blennies 1 16 3 4.8 4 5.6 2 31 1 16 5 76 6 9.2 12 173 6 101
larval fish - damaged unidentified larval fishes 1 18
larval fish fragment unidentified larval fishes 4 51 3 4.1 1 14 2 27 2 32
larval/post-larval fish, unid. unidentified larval fishes 4 6.8
Lepidogobius lepidus bay goby 27 349 21 325 31 41.6 44 65.9 31 430 21 33.6 84  109.9 11 156 69 85.9 14 217
Leptocottus armatus Pacific staghorn sculpin 5 6.4 2 25 1 13 1 15
Leuroglossus stilbius Cadlifornia smoothtongue 1 11
Liparisfucensis dlipskin snailfish
Liparis spp. snailfishes
Oligocottus spp. sculpins 1 1.7
Ophidiidae unid. cusk-eels
Ophiodon elongatus lingcod
Osmeridae unid. smelts 4 47 1 12 1 13 3 4.6 6 73 9 130 4 55 1 13 1 18
Oxylebius pictus painted greenling 1 13
Parophrys vetulus English sole
Pholididae unid. gunnels
Pleuronectes bilineatus rock sole
Pleuronectes isolepis butter sole
Pleuronectidae unid. flounders
Pleuronectiformes unid. flatfishes
Psettichthys melanostictus sand sole
Ruscarius creaseri rouchcheek sculpin
Sardinops sagax Pacific sardine
Scorpaenichthys marmoratus cabezon
Sebastes spp. rockfishes
Sebastes spp. V rockfishes
Sebastes spp. V_D rockfishes
Sebastes spp. V_De rockfishes 6 7.0 2 29 1 13 1 15
Sebastes spp. VD rockfishes 1 11
Sebastes spp. VP rockfishes
Sebastolobus spp. thornyheads
Senobrachius leucopsarus northern lampfish
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes 1 15
Syngnathus spp. pipefishes
Tarletonbeania crenularis blue lanternfish
Typhlogobius californiensis blind goby

FISH TOTALS:| 633 270 316 364 494 196 826 288 964 379
Cancer antennarius (megaops) brown rock crab
Cancer anthonyi (megaops) yellow rock crab
Cancer gracilis (megaops) slender rock crab
Cancer jordani (megalops) hairy rock crab
Cancer magister (megaops) dungeness crab 2 23 8 10.1 1 12 1 13 5 6.3 2 27
Cancer productus (mega ops) red rock crab 7 8.3 1 12
Cancer spp. (megalops) unidentified cancer crabs
Carcinus maenas (megal ops) European green crab
CRAB TOTALS: 2 0 15 0 1 1 6 2 0 0
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4.0 Entrainment and Source Water Results

Table 4-1. (continued). Mean Concentrations (#/1,000 m®) of all Larval Fish Taxa and Megalops of

Cancer spp. and European Green Crabs Collected in front of the Moss Landing Power Plant New
Combined-cycle Units and Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 16 Survey 17 Survey 18 Survey 19 Survey 20
June 17-18, 1999 June 24-25, 1999 July 12-13, 1999 July 29-30, 1999 August 12-13, 1999
Taxon Common Name New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units6&7 | New CCUnits ~ Units6&7
N=11* N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12

Ct. Den. Ct Den. Ct. Den. Ct. Den. Ct. Den. Ct Den. Ct. Den. Ct. Den. Ct.  Den. Ct Den.
Ammodytes hexapterus Pacific sand lance
Artedius lateralis smoothhead sculpin
Artedius spp. sculpins 2 31
Atherinidae unid. silversides 9 10.0 2 31 1 16 1 15 1 14
Atherinops affinis topsmelt 1 13 1 12 1 25 1 1.8
Atherinopsis californiensis jacksmelt 2 33
Aulorhynchus flavidus tubesnout
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies
Brosmophycis marginata red brotula
Cebidichthys violaceus monkeyface eel
Chaenopsidae unid. tube blennies 1 13
Citharichthys sordidus Pacific sanddab
Citharichthys stigmaeus speckled sanddab
Clinocottus analis wooly sculpin
Clupea pallasii Pecific herring 7 123 5 93 6 83 1 14 2 3.0 2 29
Clupeidae unid. herrings
Clupeiformes herrings and anchovies
Coryphopterus nicholsi blackeye goby 42 63.3 12 194 42 57.3 15 222 23 26.9 7 129 12 21.0 15 25.0 3 49 13 185
Cottidae unid. sculpins 1 13 1 15
Cottus asper prickly sculpin
Engraulis mordax northern anchovy
Genyonemus lineatus white croaker 2 24
Gibbonsia spp. clinid kelpfishes 1 1.0
Gillichthys mirabilis longjaw mudsucker 1 18 4 6.5 16 204 14 17.2 6 9.3 7 130 6 11.2 14 20.9 6 107 10 147
Gobiesocidae unid. clingfishes
Gobiesox spp. clingfishes
Gobiidae - type | gobies
Gobiidae unid. gobies 231 3139 104 1742| 694 8927 321 4264 88 1414 127 2387 97 1773 247 4173 27 428 136 1934
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies 17 25.0 6 103 20 26.7 7 9.8 32 422 25 39.8 50 85.1 44 66.8 42 692 103 1421
larval fish - damaged unidentified larval fishes 4 52 2 3.0 2 3.6
larval fish fragment unidentified larval fishes 1 12 5 6.8 3 4.4 2 33 2 34 1 16
larval/post-larval fish, unid. unidentified larval fishes 1 14 1 17 1 17 2 238
Lepidogobius lepidus bay goby 80 93.8 27 389| 162 2106 57 78.8 61 68.6 8 125 58 1035 78  108.2 66 99.7 13 211
Leptocottus armatus Pacific staghorn sculpin 1 13 1 1.7
Leuroglossus stilbius Cadlifornia smoothtongue
Liparisfucensis dlipskin snailfish
Liparis spp. snailfishes 1 1.6 1 1.0
Oligocottus spp. sculpins
Ophidiidae unid. cusk-eels
Ophiodon elongatus lingcod
Osmeridae unid. smelts 5 6.6 2 32 4 51 6 8.1 1 14
Oxylebius pictus painted greenling 1 14 1 13
Parophrys vetulus English sole
Pholididae unid. gunnels
Pleuronectes bilineatus rock sole
Pleuronectes isolepis butter sole
Pleuronectidae unid. flounders
Pleuronectiformes unid. flatfishes
Psettichthys melanostictus sand sole
Ruscarius creaseri rouchcheek sculpin 1 12
Sardinops sagax Pacific sardine
Scorpaenichthys marmoratus cabezon
Sebastes spp. rockfishes
Sebastes spp. V rockfishes
Sebastes spp. V_D rockfishes 1 13
Sebastes spp. V_De rockfishes
Sebastes spp. VD rockfishes
Sebastes spp. VP rockfishes
Sebastolobus spp. thornyheads
Senobrachius leucopsarus northern lampfish
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes 1 1.6
Syngnathus spp. pipefishes
Tarletonbeania crenularis blue lanternfish
Typhlogobius californiensis blind goby

FISH TOTALS:| 386 162 960 429 222 181 230 407 147 277
Cancer antennarius (mega ops) brown rock crab 1 11
Cancer anthonyi (megaops) yellow rock crab
Cancer gracilis (megaops) slender rock crab
Cancer jordani (megalops) hairy rock crab 1 1.7 1 15
Cancer magister (mega ops) dungeness crab
Cancer productus (mega ops) red rock crab 1 13 1 1.0
Cancer spp. (megalops) unidentified cancer crabs 1 12
Carcinus maenas (megal ops) European green crab
CRAB TOTALS: 0 1 0 0 1 1 0 0 1 2

*One sample voided during laboratory processing.
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4.0 Entrainment and Source Water Results

Table 4-1. (continued). Mean Concentrations (#/1,000 m®) of all Larval Fish Taxa and Megalops of
Cancer spp. and European Green Crabs Collected in front of the Moss Landing Power Plant New
Combined-cycle Units and Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 21 Survey 22 Survey 23 Survey 24 Survey 25
Aug. 31 - Sep. 1, 1999 September 16-17, 1999 Sep. 30 - Oct. 1, 1999 October 14 - 15, 1999 October 28 - 29, 1999
Taxon Common Name New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7
N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12

Ct. Den.  Ct Den.| Ct Den. Ct Den. Ct. Den. Ct. Den[ Ct Den.  Ct Den. Ct. Den. Ct. Den.
Ammodytes hexapterus Pacific sand lance
Artedius lateralis smoothhead sculpin
Artedius spp. sculpins 1 26
Atherinidae unid. silversides 14 20.7 5 8.8
Atherinops affinis topsmelt 8 11.0
Atherinopsis californiensis jacksmelt 1 15 2 26
Aulorhynchus flavidus tubesnout
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies 2 29
Brosmophycis marginata red brotula
Cebidichthys violaceus monkeyface eel
Chaenopsidae unid. tube blennies 1 12 8 121 2 27 2 34 2 29
Citharichthys sordidus Pacific sanddab
Citharichthys stigmaeus speckled sanddab
Clinocottus analis wooly sculpin 1 14 1 15 2 33 1 1.7
Clupea pallasii Pecific herring 1 15 2 31 1 12 5 82 8 119
Clupeidae unid. herrings
Clupeiformes herrings and anchovies 1 14
Coryphopterus nicholsi blackeye goby 64 88.8 40 575| 75 1112 57 77.1 17 284 4 5.8 59 89.4 91 1281 20 331 10 154
Cottidae unid. sculpins 2 26 1 1.8
Cottus asper prickly sculpin
Engraulis mordax northern anchovy 1 14 1 15 2 29
Genyonemus lineatus white croaker 1 1.9
Gibbonsia spp. clinid kelpfishes 1 1.0
Gillichthys mirabilis longjaw mudsucker 7 103 2 33 7 103 14 195 7 118 6 8.9 18 273 7 8.7 19 325 17 27.0
Gobiesocidae unid. clingfishes
Gobiesox spp. clingfishes
Gobiidae - type | gobies
Gobiidae unid. gobies 111 1593 140 1956( 294 4380 422 5784 107 1799 171 2521 277 4286 405 5248| 186 3089 182 2727
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies 145 2101 118 1721 182 2708 154 2114 22 37.2 20 29.8 39 60.7 33 425 13 20.8 9 143
larval fish - damaged unidentified larval fishes 1 14
larval fish fragment unidentified larval fishes 1 14 3 4.0 1 16 2 26 2 34 2 29 4 54 2 27
larval/post-larval fish, unid. unidentified larval fishes
Lepidogobius lepidus bay goby 143 1646 55 749| 192 2771 176 2412 118 206.6 97 1443| 163 2348 194 2262 345 4715 215 3310
Leptocottus armatus Pacific staghorn sculpin 3 4.4 1 14 4 6.4 2 23 3 4.6 5 6.7
Leuroglossus stilbius Cadlifornia smoothtongue
Liparisfucensis dlipskin snailfish
Liparis spp. snailfishes
Oligocottus spp. sculpins
Ophidiidae unid. cusk-eels
Ophiodon elongatus lingcod
Osmeridae unid. smelts 2 29 1 15 2 23
Oxylebius pictus painted greenling
Parophrys vetulus English sole
Pholididae unid. gunnels
Pleuronectes bilineatus rock sole
Pleuronectes isolepis butter sole
Pleuronectidae unid. flounders 1 2.6
Pleuronectiformes unid. flatfishes
Psettichthys melanostictus sand sole
Ruscarius creaseri rouchcheek sculpin
Sardinops sagax Pacific sardine
Scorpaenichthys marmoratus cabezon
Sebastes spp. rockfishes
Sebastes spp. V rockfishes
Sebastes spp. V_D rockfishes
Sebastes spp. V_De rockfishes
Sebastes spp. VD rockfishes
Sebastes spp. VP rockfishes
Sebastolobus spp. thornyheads
Senobrachius leucopsarus northern lampfish
Stichaeidae unid. pricklebacks 1 14 1 12
Syngnathidae unid. pipefishes 1 1.0
Syngnathus spp. pipefishes 2 29
Tarletonbeania crenularis blue lanternfish
Typhlogobius californiensis blind goby

FISH TOTALS:| 494 377 764 831 276 307 562 740 595 450
Cancer antennarius (megaops) brown rock crab 6 9.1 5 9.2 6 10.8 3 41
Cancer anthonyi (megaops) yellow rock crab
Cancer gracilis (megaops) slender rock crab 5 8.9
Cancer jordani (megalops) hairy rock crab 2 29 4 63| 7 105 32 630 54 1011 5 69 4 50
Cancer magister (megaops) dungeness crab
Cancer productus (mega ops) red rock crab
Cancer spp. (megalops) unidentified cancer crabs 1 22 1 1.9
Carcinus maenas (megal ops) European green crab
CRAB TOTALS: 2 4 13 0 38 66 8 4 0 0
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Table 4-1. (continued). Mean Concentrations (#/1,000 m®) of all Larval Fish Taxaand Megalops of
Cancer spp. and European Green Crabs Collected in front of the Moss Landing Power Plant New
Combined-cycle Units and Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 26 Survey 27 Survey 28 Survey 29 Survey 30
November 4 - 5, 1999 November 11 - 12, 1999 November 18 - 19, 1999 November 22 - 23, 1999 December 2 - 3, 1999
Taxon Common Name New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units ~ Units6&7 New CC Units Units 6& 7
N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12
Ct.  Den. Ct Den. Ct.  Den. Ct. Den. Ct. Den.  Ct Den. Ct. Den. Ct. Den. Ct. Den. Ct.  Den.
Ammodytes hexapterus Pacific sand lance
Artedius lateralis smoothhead sculpin
Artedius spp. sculpins
Atherinidae unid. silversides 2 29 1 11 1 12 4 48 10 159 15 222 14 16.5
Atherinops affinis topsmelt
Atherinopsis californiensis jacksmelt 1 14 1 14 3 5.8 12 204 41 55.6 30 349
Aulorhynchus flavidus tubesnout
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies 1 12
Brosmophycis marginata red brotula
Cebidichthys violaceus monkeyface eel
Chaenopsidae unid. tube blennies
Citharichthys sordidus Pacific sanddab
Citharichthys stigmaeus speckled sanddab
Clinocottus analis wooly sculpin 1 1.6
Clupea pallasii Pecific herring 2 2.7 1 17 1 15 3 37
Clupeidae unid. herrings
Clupeiformes herrings and anchovies 1 14 1 13
Coryphopterus nicholsi blackeye goby 20 280 16 21.0 170 280.8 26 36.1 12 181 2 24 4 76 1 18 12 17.0 10 9.8
Cottidae unid. sculpins 2 26 1 1.9 4 6.0 2 32 3 36
Cottus asper prickly sculpin
Engraulis mordax northern anchovy 6 8.6 6 76 8 136 13 186 7 9.4 3 52 6 9.8 14 258 5 7.0 13 155
Genyonemus lineatus white croaker 1 12 4 6.1 8 143 6 109 20 288 5 58
Gibbonsia spp. clinid kelpfishes 1 15
Gillichthys mirabilis longjaw mudsucker 30 431 27 355 18 284 26 385 13 189 12 16.8 13 244 31 535 9 124 25 28.6
Gobiesocidae unid. clingfishes
Gobiesox spp. clingfishes
Gobiidae - type | gobies
Gobiidae unid. gobies 1305 1798.7 772 10189 493 7885 482 7194 568 8515 344 4883| 208 3695 445 7495 390 545.0 663 7455
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies 8 120 6 82 12 197 1 12 6 838 2 31 1 19 1 14 1 15 1 11
larval fish - damaged unidentified larval fishes 5 76 6 6.6
larval fish fragment unidentified larval fishes 6 838 3 39 1 15 3 43 5 83 2 27 1 18 12 194 8 117 13 156
larval/post-larval fish, unid. unidentified larval fishes
Lepidogobius lepidus bay goby 457 6552 142 188.9 609 1080.8 495  698.4 1689 26682 248 3824 536 9057 138 2447 534  769.2 332 386.3
Leptocottus armatus Pecific staghorn sculpin 9 132 14 183 10 160 22 328 12 16.1 6 9.2 18 334 55 923 36 50.9 29 335
Leuroglossus stilbius Cadlifornia smoothtongue
Liparisfucensis dlipskin snailfish
Liparis spp. snailfishes
Oligocottus spp. sculpins 20 295
Ophidiidae unid. cusk-eels
Ophiodon elongatus lingcod
Osmeridae unid. smelts 1 14 1 12
Oxylebius pictus painted greenling
Parophrys vetulus English sole
Pholididae unid. gunnels
Pleuronectes bilineatus rock sole
Pleuronectes isolepis butter sole
Pleuronectidae unid. flounders 1 14
Pleuronectiformes unid. flatfishes
Psettichthys melanostictus sand sole
Ruscarius creaseri rouchcheek sculpin
Sardinops sagax Pacific sardine
Scorpaenichthys marmoratus cabezon
Sebastes spp. rockfishes
Sebastes spp. V rockfishes
Sebastes spp. V_D rockfishes
Sebastes spp. V_De rockfishes
Sebastes spp. VD rockfishes
Sebastes spp. VP rockfishes
Sebastolobus spp. thornyheads
Senobrachius leucopsarus northern lampfish 1 1.6
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes 1 11
Syngnathus spp. pipefishes 1 13
Tarletonbeania crenularis blue lanternfish
Typhlogobius californiensis blind goby 1 1.2
FISH TOTALS:| 1,851 993 1,322 1,069 2,325 620 798 727 1,079 1,169
Cancer antennarius (megaops) brown rock crab 3 51 3 39 3 37 1 13
Cancer anthonyi (megaops) yellow rock crab 1 14 2 28 2 34 2 24 1 12 1 1.9 1 1.7 2 32 1 11
Cancer gracilis (megaops) slender rock crab 1 1.7 1 12 1 13
Cancer jordani (megalops) hairy rock crab 1 1.7 1 12 1 12 1 1.9 1 13
Cancer magister (megaops) dungeness crab
Cancer productus (mega ops) red rock crab 1 14 1 14 1 13 1 0.8
Cancer spp. (megalops) unidentified cancer crabs 1 13 1 13
Carcinus maenas (megal ops) European green crab 1 1.1
CRAB TOTALS: 2 3 7 0 8 5 2 1 6 4
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Table 4-1. (continued). Mean Concentrations (#/1,000 m®) of all Larval Fish Taxa and Megalops of
Cancer spp. and European Green Crabs Collected in front of the Moss Landing Power Plant New
Combined-cycle Units and Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 31 Survey 32 Survey 33 Survey 34 Survey 35
December 9 - 10, 1999 December 16 - 17, 1999 December 21 - 22, 1999 December 29 - 30, 1999 January 6 - 7, 2000
Taxon Common Name New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7
N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12

Ct. Den. Ct Den. Ct. Den. Ct. Den. Ct. Den. Ct Den.| Ct Den. Ct. Den. Ct. Den. Ct Den.
Ammodytes hexapterus Pacific sand lance
Artedius lateralis smoothhead sculpin
Artedius spp. sculpins
Atherinidae unid. silversides 1 17 3 5.7
Atherinops affinis topsmelt
Atherinopsis californiensis jacksmelt 7 116 20 274 36 50.8 6 107 3 4.4 5 6.5 8 157 12 221
Aulorhynchus flavidus tubesnout
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies
Brosmophycis marginata red brotula
Cebidichthys violaceus monkeyface eel
Chaenopsidae unid. tube blennies
Citharichthys sordidus Pacific sanddab 1 1.6
Citharichthys stigmaeus speckled sanddab 1 1.9 1 12
Clinocottus analis wooly sculpin
Clupea pallasii Pecific herring 3 39 3 43 8 118 6 10.7 3 53
Clupeidae unid. herrings 1 15
Clupeiformes herrings and anchovies
Coryphopterus nicholsi blackeye goby 5 8.1 1 12 1 12 5 6.8 1 1.6
Cottidae unid. sculpins 11 18.6 3 54
Cottus asper prickly sculpin
Engraulis mordax northern anchovy 8 135 6 85 6 82 8 14.2 13 19.6 33 47.6 1 17 7 146 10 16.7
Genyonemus lineatus white croaker 5 79 2 25 112 1701 26 430| 146 2264 47 69.4 6 9.2 1 16 5 9.8 4 6.9
Gibbonsia spp. clinid kelpfishes 1 14 1 18 1 16
Gillichthys mirabilis longjaw mudsucker 17 248 45 60.8 9 127 7 109 13 191 25 35.0 11 186 9 152 18 36.5 11 171
Gobiesocidae unid. clingfishes
Gobiesox spp. clingfishes
Gobiidae - type | gobies
Gobiidae unid. gobies 321 5325 226 3313 554 7672 351 527.2| 238 3472 191 2745| 424 7145 233 3957| 216 4262 146 2545
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies 1 1.6
larval fish - damaged unidentified larval fishes 1 18 4 6.5 3 37 3 6.1
larval fish fragment unidentified larval fishes 1 16 2 39 11 16.2 12 182 1 17 4 57 5 93 4 6.6 1 18 6 11.0
larval/post-larval fish, unid. unidentified larval fishes
Lepidogobius lepidus bay goby 482 7727 362 6111 223 3340 176 250.7| 201 2835 200 257.2| 278  460.6 69 1196 317 5896 134 2301
Leptocottus armatus Pecific staghorn sculpin 13 198 22 328 163 2247 108 1817 36 56.9 69 98.8 17 274 9 146 21 39.2 20 344
Leuroglossus stilbius Cadlifornia smoothtongue
Liparisfucensis dlipskin snailfish
Liparis spp. snailfishes
Oligocottus spp. sculpins 1 1.6 1 1.6
Ophidiidae unid. cusk-eels
Ophiodon elongatus lingcod
Osmeridae unid. smelts 1 17
Oxylebius pictus painted greenling 1 15
Parophrys vetulus English sole
Pholididae unid. gunnels
Pleuronectes bilineatus rock sole
Pleuronectes isolepis butter sole
Pleuronectidae unid. flounders 1 12
Pleuronectiformes unid. flatfishes 1 19
Psettichthys melanostictus sand sole
Ruscarius creaseri rouchcheek sculpin
Sardinops sagax Pacific sardine
Scorpaenichthys marmoratus cabezon 4 57 1 1.8
Sebastes spp. rockfishes
Sebastes spp. V rockfishes 2 31 1 13 1 18
Sebastes spp. V_D rockfishes
Sebastes spp. V_De rockfishes
Sebastes spp. VD rockfishes
Sebastes spp. VP rockfishes
Sebastolobus spp. thornyheads
Senobrachius leucopsarus northern lampfish 5 75 2 33 15 24.4 3 52 8 127 3 4.8 28 485 25 432
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes
Syngnathus spp. pipefishes 2 3.0
Tarletonbeania crenularis blue lanternfish 3 5.2 3 4.4 1 12 3 5.5 3 5.2
Typhlogobius californiensis blind goby

FISH TOTALS:| 870 694 1,133 707 665 597 792 364 599 346
Cancer antennarius (mega ops) brown rock crab 1 15 1 1.6 2 32 1 12 5 95 1 1.7
Cancer anthonyi (megaops) yellow rock crab 6 8.4 6 8.0 13 16.3 5 8.4 7 11.0 2 29
Cancer gracilis (megaops) slender rock crab 1 15 1 1.6 1 20
Cancer jordani (megalops) hairy rock crab 1 20
Cancer magister (mega ops) dungeness crab
Cancer productus (mega ops) red rock crab 1 13 1 12 1 20
Cancer spp. (megalops) unidentified cancer crabs
Carcinus maenas (megal ops) European green crab
CRAB TOTALS: 8 8 14 5 10 3 2 0 6 1
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Table 4-1. (continued). Mean Concentrations (#/1,000 m®) of all Larval Fish Taxa and Megalops of
Cancer spp. and European Green Crabs Collected in front of the Moss Landing Power Plant New
Combined-cycle Units and Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 36 Survey 37 Survey 38 Survey 39
January 13 - 14, 2000 January 20 - 21, 2000 January 27 - 28, 2000 February 3 - 4, 2000
Taxon Common Name New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7
N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12

Ct. Den. Ct Den. Ct. Den. Ct. Den. Ct. Den. Ct Den. Ct. Den. Ct. Den.
Ammodytes hexapterus Pecific sand lance 3 57 1 19 3 48 2 31 59 99.6 42 77.8
Artedius lateralis smoothhead sculpin
Artedius spp. sculpins 1 21
Atherinidae unid. silversides 1 19
Atherinops affinis topsmelt
Atherinopsis californiensis jacksmelt 4 79 4 6.8 18 316 22 322 6 9.8 10 181
Aulorhynchus flavidus tubesnout 1 14
Bathylagus ochotensis popeye blacksmelt 1 1.7
Bathymasteridae unid. ronquils
Blennioidei blennies
Brosmophycis marginata red brotula
Cebidichthys violaceus monkeyface eel 14 25.9 3 4.7
Chaenopsidae unid. tube blennies
Citharichthys sordidus Pacific sanddab
Citharichthys stigmaeus speckled sanddab 1 22 2 35
Clinocottus analis wooly sculpin
Clupea pallasii Pecific herring 1 18 1 20 3 52 6 120 35 61.0 66 1095 157 2850
Clupeidae unid. herrings 1 14
Clupeiformes herrings and anchovies 1 21 2 38 3 5.0
Coryphopterus nicholsi blackeye goby 22 34.7 3 4.7 2 34
Cottidae unid. sculpins 2 32 2 32 1 20 1 19 2 34 2 34
Cottus asper prickly sculpin 2 35 11 20.8 8 13.0 3 4.6 15 295
Engraulis mordax northern anchovy 11 221 5 9.4 4 6.4 3 51 4 7.0
Genyonemus lineatus white croaker 1 1.7 1 1.7 21 337 13 20.2 22 374 5 8.9
Gibbonsia spp. clinid kelpfishes
Gillichthys mirabilis longjaw mudsucker 3 52 6 95 3 6.0 5 9.1 2 4.0 2 32 5 838 2 35
Gobiesocidae unid. clingfishes
Gobiesox spp. clingfishes
Gobiidae - type | gobies
Gobiidae unid. gobies 284 4922 200 3190 146 2492 108 1956| 414 7928 254 4464 351 6012 220 3938
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies
larval fish - damaged unidentified larval fishes 1 22 3 55
larval fish fragment unidentified larval fishes 2 3.0 1 17 6 111 2 35 2 38 4 72
larval/post-larval fish, unid. unidentified larval fishes
Lepidogobius lepidus bay goby 282  509.5 62 98.7| 221 3679 121 209.4| 305 5771 198 3555 459 7970 177 3128
Leptocottus armatus Pecific staghorn sculpin 29 48.6 20 34.0 56 1043 65 1189 28 52.7 33 56.9 37 63.1 60  106.3
Leuroglossus stilbius Cadlifornia smoothtongue
Liparisfucensis dlipskin snailfish
Liparis spp. snailfishes 1 1.7
Oligocottus spp. sculpins
Ophidiidae unid. cusk-eels 1 1.7
Ophiodon elongatus lingcod
Osmeridae unid. smelts 53 88.8 10 170 2 33 3 5.6 9 16.7 5 73 23 383 28 50.7
Oxylebius pictus painted greenling
Parophrys vetulus English sole
Pholididae unid. gunnels 1 1.7
Pleuronectes bilineatus rock sole
Pleuronectes isolepis butter sole
Pleuronectidae unid. flounders 3 5.6 2 34
Pleuronectiformes unid. flatfishes 1 20 3 5.3 3 49 1 16 5 85
Psettichthys melanostictus sand sole 2 35
Ruscarius creaseri rouchcheek sculpin
Sardinops sagax Pacific sardine 2 4.0 1 21
Scorpaenichthys marmoratus cabezon
Sebastes spp. rockfishes 1 15
Sebastes spp. V rockfishes 2 34 2 32
Sebastes spp. V_D rockfishes
Sebastes spp. V_De rockfishes
Sebastes spp. VD rockfishes 1 20
Sebastes spp. VP rockfishes
Sebastolobus spp. thornyheads 2 31
Senobrachius leucopsarus northern lampfish 1 21 3 5.0 3 52
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes
Syngnathus spp. pipefishes
Tarletonbeania crenularis blue lanternfish
Typhlogobius californiensis blind goby

FISH TOTALS:| 676 304 445 333 850 587 1,061 737
Cancer antennarius (mega ops) brown rock crab 2 39 1 1.8
Cancer anthonyi (megaops) yellow rock crab 1 21 1 20 1 1.8
Cancer gracilis (megaops) slender rock crab 2 4.0 2 32 3 6.0
Cancer jordani (megalops) hairy rock crab 1 1.7 2 33 1 21 1 1.7
Cancer magister (mega ops) dungeness crab
Cancer productus (mega ops) red rock crab 1 1.7 1 1.7 3 56
Cancer spp. (megalops) unidentified cancer crabs
Carcinus maenas (megal ops) European green crab
CRAB TOTALS: 3 2 5 1 1 2 3 6

E9-053.9 4-11 MLPP 316(b) Resource Assessment

4-28-2000



4.0 Entrainment and Source Water Results

Table 4-1. (continued). Mean Concentrations (#/1,000 m®) of all Larval Fish Taxa and Megalops of
Cancer spp. and European Green Crabs Collected in front of the Moss Landing Power Plant New

Combined-cycle Units and Units 6 and 7 Intakes: March 2, 1999 through February 24, 2000.

Survey 40 Survey 41 Survey 42
February 10 - 11, 2000 February 17 - 18, 2000 February 24 - 25, 2000
Taxon Common Name New CC Units Units 6& 7 New CC Units Units 6& 7 New CC Units Units 6& 7
N=12 N=12 N=12 N=12 N=12 N=12

Ct. Den. Ct Den. Ct. Den. Ct Den. Ct. Den. Ct Den.
Ammodytes hexapterus Pacific sand lance 37 57.2 28 455 2 3.0 5 77 2 3.0
Artedius lateralis smoothhead sculpin
Artedius spp. sculpins 1 1.6
Atherinidae unid. silversides
Atherinops affinis topsmelt
Atherinopsis californiensis jacksmelt 4 6.3 3 4.6 26 429 1 1.7
Aulorhynchus flavidus tubesnout
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies
Brosmophycis marginata red brotula
Cebidichthys violaceus monkeyface eel 1 1.6 1 1.6 1 15 1 1.8
Chaenopsidae unid. tube blennies 1 14
Citharichthys sordidus Pecific sanddab 1 17 3 4.1 3 4.6
Citharichthys stigmaeus speckled sanddab 2 32 1 17 1 20 2 3.0 1 14
Clinocottus analis wooly sculpin 1 1.7 1 12
Clupea pallasii Pecific herring 10 148 10 16.1 11 185 24 39.1 10 16.9 5 74
Clupeidae unid. herrings 1 1.6
Clupeiformes herrings and anchovies 1 1.6 1 13
Coryphopterus nicholsi blackeye goby 4 59 1 14 3 5.0 10 149 10 14.4
Cottidae unid. sculpins 5 83 6 9.3 4 6.3 20 322 2 25 19 28.1
Cottus asper prickly sculpin 1 14 1 1.9 18 30.9 17 285 18 27.8 5 74
Engraulis mordax northern anchovy 2 3.0 5 77 4 6.6 3 4.6 3 4.6
Genyonemus lineatus white croaker 79 1320 104 159.6 54 87.0 45 731 45 69.4 52 747
Gibbonsia spp. clinid kelpfishes 2 3.0
Gillichthys mirabilis longjaw mudsucker 3 47 2 3.0 4 7.0 13 217 11 16.5 14 20.3
Gobiesocidae unid. clingfishes
Gobiesox spp. clingfishes
Gobiidae - type | gobies
Gobiidae unid. gobies 728 11024 313 4911 850 13384 314 5377 727 10884 493  707.9
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies 1 1.6
larval fish - damaged unidentified larval fishes 1 14 3 5.0 8 143 15 218 4 59
larval fish fragment unidentified larval fishes 7 9.6 17 217 13 216 10 171 29 44.9 11 16.2
larval/post-larval fish, unid. unidentified larval fishes 2 27 3 49 1 15
Lepidogobius lepidus bay goby 240 360.8 67  109.9 160 2483 121 205.1 107 1540 161 2278
Leptocottus armatus Pacific staghorn sculpin 25 38.0 14 21.7 35 59.5 47 78.9 26 41.0 27 39.9
Leuroglossus stilbius Cadlifornia smoothtongue
Liparisfucensis dlipskin snailfish
Liparis spp. snailfishes 1 14 1 1.6
Oligocottus spp. sculpins 1 15
Ophidiidae unid. cusk-eels
Ophiodon elongatus lingcod 1 15
Osmeridae unid. smelts 14 233 7 119 12 193 17 25.0
Oxylebius pictus painted greenling
Parophrys vetulus English sole 1 1.7 1 21 1 13 1 12
Pholididae unid. gunnels 1 1.6
Pleuronectes bilineatus rock sole 3 46 1 15 7 9.7
Pleuronectes isolepis butter sole 2 3.0
Pleuronectidae unid. flounders 6 9.6 2 32 2 3.0 4 6.7 24 355 9 122
Pleuronectiformes unid. flatfishes 2 2.8 2 31 4 5.5 3 46
Psettichthys melanostictus sand sole 1 21
Ruscarius creaseri rouchcheek sculpin
Sardinops sagax Pacific sardine
Scorpaenichthys marmoratus cabezon
Sebastes spp. rockfishes 1 14
Sebastes spp. V rockfishes 1 16 4 57 4 55
Sebastes spp. V_D rockfishes
Sebastes spp. V_De rockfishes 1 15 1 1.6
Sebastes spp. VD rockfishes 1 12
Sebastes spp. VP rockfishes
Sebastolobus spp. thornyheads 8 126 9 148 34 52.6 21 30.0
Senobrachius leucopsarus northern lampfish 1 15 1 15 1 1.6 142 2215 74 107.4
Stichaeidae unid. pricklebacks 1 14 1 18 1 14
Syngnathidae unid. pipefishes
Syngnathus spp. pipefishes
Tarletonbeania crenularis blue lanternfish 1 14 8 128 3 45
Typhlogobius californiensis blind goby

FISH TOTALS: 1,167 581 1,220 647 1,253 954
Cancer antennarius (mega ops) brown rock crab
Cancer anthonyi (megaops) yellow rock crab
Cancer gracilis (megaops) slender rock crab 2 32 1 14 2 35 1 14
Cancer jordani (megalops) hairy rock crab 1 14 1 15 1 1.7
Cancer magister (mega ops) dungeness crab
Cancer productus (mega ops) red rock crab 1 14 2 32
Cancer spp. (megalops) unidentified cancer crabs
Carcinus maenas (megal ops) European green crab
CRAB TOTALS: 3 2 1 3 0 3
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4.1.1 Sampling and Laboratory Processing Sufficiency

The accumulation of species during entrainment sampling through July at ML PP followed
expected patterns with rapid accumulation during early sampling efforts that decreased with
continued sampling (Figures 4-2 and 4-3). Differencesin the total number of taxa collected and
the rate of taxa accumulation were noted between sampling stations. A total of 64 taxawas
collected at the new combined-cycle units intake while 57 taxa were collected from the Units 6
and 7 intake over the entire year of surveys. The taxa collected at the new combined-cycle units
intake that were not collected at the Units 6 and 7 intake from March 2 through February 24,
2000 are shown in Table 4-2. The taxa that were unigque to the Units 6 and 7 intake are also
shown in Table 4-2.

Table 4-2. Speciesfound to be Unique to either the New Combined-cycle Units or the Units 6
and 7 Intakes. Datafrom Surveys 1 through 42.

Taxa unique to the New combined-cycle Unitsintake Taxa unique to the Units 6 and 7 intake

Taxon Common Name Taxon Common Name
Scor paenichthys marmoratus cabezon Aulorhynchus flavidus tubesnout
Ophiodon elongatus lingcod Pleuronectes bilineatus rock sole
Leuroglossus stilbius Cadlifornia smoothtongue |Liparisfucensis dlipskin snailfish
Bathymasteridae unid. ronquil Typhlogobius californiensis blind goby
Ophidiidae unid. cuskeel Bathylagus ochotensis popeye blacksmelt
Sebastes spp. VP rockfish
Sebastes spp. V_D rockfish
Pleuronectes isolepis butter sole
Gobiidae - typel unidentified goby
Gobiesocidae unid. unidentified clingfish
Liparis spp. unidentified snailfish
Brosmophycis marginata red brotula
Hexagrammidae unid. greenling

Mean concentrations (#m°) for fishes collected from the stationsin front of the new combined-
cycle units and the Units 6 and 7 intakes during Surveys 1 through 42 were based on two
replicate samples collected at each location during acycle. These dataincluded al six cycles for
Surveys 1 through 42. A total of 251 paired samples was analyzed to determine if differencesin
species abundances between the two sampling areas could be detected. If no differences were
detected, laboratory processing could be reduced to a single representative location. Although
70 larval fish taxa groups were collected from these samples, only 51 taxa were collected at both
locations.

The mean concentrations of the 51 taxa collected at both locations were analyzed statistically
using apaired t-test (Table 4-3). The concentrations for both locations were transformed using
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logio(x+.01) to look at relative differences between the two intakes and to account for some of
the differences in abundance between sampling events. Of the 51 taxa collected in both areas,
significant differences (a=0.05) between the two intakes were detected in seven taxa: blackeye
goby Coryphopterus nicholsi, Pacific herring Clupea pallasi, white croaker Genyonemus
lineatus, longjaw mudsucker Gillichthys mirabilis, prickly sculpin Cottus asper, bay goby
Lepidogobius lepidus, and English sole Parophrys vetulus. Pacific herring, longjaw mudsucker
and prickly sculpin were collected in significantly higher concentrations at the Units 6 and 7
intake while the other four taxa were collected in significantly higher concentrations at the new
combined-cycle units intake.

Table 4-3. Results of T-tests Comparing Larval Fish Concentrations at the New Combined-cycle
Units and the Units 6 and 7 Intakes Collected during Surveys 1 through 42.

L og (x+.01) Differences Between New CC Unitsand Units6 and 7
Taxon Di?}fle?innce No. | Std. Error | T-Value Prot;?{l)_ility Po_\ll_v(;esrt of

Pholididae unid. -0.001211 |251 0.032334 | -0.593 0.5535 0.0003
Gibbonsia spp. -0.004322 |251 0.055453 | -1.235 0.2181 0.0103
Atherinidae unid. 0.007636 |251 0.140047 | 0.864 0.3885 0.0010
Oxylebius pictus 0.006115 |251 0.055813 | 1.736 0.0838 0.1979
Coryphopterus nicholsi 0.048571 |251 0.347901 | 2.212 0.0279 0.8419
Cebidichthys violaceus 0.017540 |251 0.170433 | 1.630 0.1043 0.1153
Engraulis mordax -0.017797 |251 0.172066 | -1.639 0.1025 0.1205
Artedius lateralis -0.000232 |251 0.034172 | -0.108 0.9144 0.0001
Pleuronectidae unid. 0.000344 |251 0.104702 | 0.052 0.9585 0.0001
Artedius spp. -0.010929 |251 0.108357 | -1.598 0.1113 0.0964
Stichaeidae unid. 0.003327 |251 0.043853 | 1.202 0.2306 0.0083
Syngnathus spp. 0.001362 |251 0.040135 | 0.537 0.5914 0.0002
Sebastes spp. -0.000084 |251 0.024152 | -0.055 0.9560 0.0001
larval/post-larval fish, unid. 0.005447 |251 0.086996 | 0.992 0.3222 0.0022
Citharichthys stigmaeus 0.007350 (251 0.071270 | 1.634 0.1035 0.1175
Citharichthys sordidus 0.000399 |251 0.054968 | 0.115 0.9084 0.0001
Clinocottus analis 0.003660 |251 0.053736 | 1.079 0.2816 0.0038
Chaenopsidae unid. -0.003356 |251 0.076405 | -0.696 0.4871 0.0004
Sebastes spp. V 0.003238 |251 0.054746 | 0.937 0.3497 0.0016
Sebastes spp. V_De 0.007043 |251 0.108888 | 1.025 0.3065 0.0027
Ruscarius creaseri -0.001586 |251 0.042344 | -0.593 0.5536 0.0003
larval fish - damaged -0.004484 |251 0.146928 | -0.483 0.6292 0.0002
Hypsoblennius spp. 0.013933 |251 0.236369 | 0.934 0.3513 0.0015
Sebastes spp. VD 0.001323 |251 0.030167 | 0.695 0.4879 0.0004
Sebastol obus spp. 0.003738 |251 0.067157 | 0.882 0.3788 0.0011
Clupeiformes 0.001750 |251 0.077657 | 0.357 0.7214 0.0001
Clupea pallasii -0.100821 |251 0.305518 | -5.228 0.0000 1.0000
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Table 4-3 (continued). Results of T-tests Comparing Larval Fish Concentrations at the New
Combined-cycle Units and the Units 6 and 7 Intakes Collected during Surveys 1 through 42.

L og (x+.01) Differences Between New CC Unitsand Units6 and 7

Taxon Di?}fle?znnce No. | Std. Error | T-Value Prot;??_ility PO.\ll_V:Srt of

Gillichthys mirabilis -0.046184 |251 0.292771 | -2.499 0.0131 0.9903
Ammodytes hexapterus 0.006091 |251 0.115851 | 0.833 0.4057 0.0009
Cottus asper -0.033287 |251 0.205230 | -2.570 0.0108 0.9964
Lepidopsetta bilineata 0.001814 |251 0.047546 | 0.604 0.5461 0.0003
Cottidae unid. -0.022078 |251 0.195222 | -1.792 0.0744 0.2562
Syngnathidae unid. 0.000053 |251 0.031681 | 0.027 0.9787 0.0001
Atherinopsis californiensis 0.024535 |251 0.216161 | 1.798 0.0734 0.2637
Genyonemus lineatus 0.058214 |251 0.224344 | 4111 0.0001 1.0000
Oligocottus spp. -0.007439 |251 0.088453 | -1.332 0.1839 0.0193
Lepidogobius lepidus 0.118776 |251 0.499288 | 3.769 0.0002 1.0000
Gobiidae unid. 0.000754 |251 0.440226 | 0.027 0.9784 0.0001
Leptocottus armatus 0.003605 |251 0.280957 | 0.203 0.8391 0.0001
Parophrys vetulus 0.008119 (251 0.052630 | 2.444 0.0152 0.9806
Psettichthys melanostictus 0.002889 |251 0.038792 | 1.180 0.2392 0.0072
Osmeridae unid. 0.000797 |251 0.222088 | 0.057 0.9547 0.0001
Tarletonbeania crenularis -0.003595 (251 0.068796 | -0.828 0.4085 0.0008
Senobrachius leucopsarus 0.015333 |251 0.148237 | 1.639 0.1025 0.1206
Clupeidae unid. -0.003167 |251 0.071103 | -0.706 0.4810 0.0004
Gobiesox spp. 0.000156 |251 0.024578 | 0.101 0.9198 0.0001
Pleuronectiformes unid. 0.005266 |251 0.079146 | 1.054 0.2929 0.0032
Sardinops sagax 0.000715 |251 0.011331 | 1.000 0.3183 0.0023
larval fish fragment 0.010356 |251 0.245525 | 0.668 0.5046 0.0004
Blennioidei -0.000791 |251 0.031731 | -0.395 0.6931 0.0001
Atherinops affinis -0.005257 |251 0.078069 | -1.067 0.2871 0.0035
Preliminary results — quality control checks incomplete
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Figure 4-2. Mean (dotted line), maximum and minimum (dashed upper and lower lines) cumulative
numbers of species from 1,000 iterations of data collected over 42 surveys at the new combined-cycle
units intake.
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Figure 4-3. Mean (dotted ling), maximum and minimum (dashed upper and lower lines) cumulative
numbers of species from 1,000 iterations of data collected over 42 surveys at the Units 6 and 7 intake.
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The power of the data to detect a difference between intakes if one actually existed was
calculated for the taxa groups with data from both intakes. In the taxa where no differences were
detected, the low estimates of power (all < 0.80) indicated that it would be difficult to conclude
from the data for those taxa that no significant difference between intakes existed. Although
statistical power usually increases with sample size it is also affected by variance. The variance
increased with sample size reducing the power of the tests. The number of significant
differences between units for the 51 taxais greater than one would expect based on a 95 percent
probability level. These data indicate that there are both qualitative and quantitative differences
between the two intakes.

4.1.2 Day-Night Comparison

ETM and proportional entrainment (PE) values are based on daytime estimates of entrainment
and source water larval concentrations. Because the unmarked Elkhorn Sough channel cannot be
safely navigated other than during daytime hours, calculation of ETM values (and Py) must rely
on daytime source and entrainment sampling results. Intake effects are also estimated when
possible using fecundity hindcasting (FH) and adult equivalent loss (AEL) models based on
daytime and nighttime entrainment samples. Twelve months of weekly entrainment samples
(March 1999 to March 2000) have been collected for these analyses in the routine 24-hour
entrainment sampling described in Section 3.

Generally higher concentrations of larvae were collected in nighttime entrainment samples.
These diurnal changesin larval concentrations found in our 24-hour samples results are
important measurements in accurately estimating of total entrainment. The total entrainment
values are used in both the fecundity hindcast (FH) and adult equivalent loss (AEL) models to
estimate entrainment losses. These daytime and nighttime changes in the concentration of
entrained larvae are unimportant using an ETM model of entrainment loss, if the ratio of
entrainment to source water concentrations remain the same throughout the day.

Since source water stations in the Elkhorn Slough could only be safely sampled during daylight
hours, members of the TWG requested that we test for diurnal changes in proportional
entrainment using two source water stations that could be safely sampled at night. A separate
source water survey was conducted on January 27 and 28, 2000 and another conducted on
February 3 and 4, 2000 at the Harbor Bridge (HB) and Harbor Mouth (HM) stations shown in
Figure 3-1. Samples were collected to coincide with each of the six cycles in the 24-hour
entrainment surveys. The time of day for each collection cycle 1 through 6 are listed in

Table 4-4. Prior to completing these surveys and analyses, we first conducted atest using
24-hour data from neighboring entrainment stations (new combined-cycle units and Units 6
and 7 intakes).
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Results of 24-hour entrainment sampling (6 sampling cycles, four hours apart) clearly indicate
significant increases in evening and nighttime larval abundance, peaking in the middle of the
night. Hypothetically, increases in entrainment larval concentrations should be accompanied by
similar, if not identical increases in source water concentrations. Since information on nighttime
source-water concentrations is not available, we cannot make a direct test of this hypothesis.
Instead, we compared the ratio of 24-hour larval concentrations collected at the neighboring
Units 6 and 7 entrainment sampling station.

Concentrations of unidentified Gobiidae, the most consistently abundant larval taxa, were used to
provide the largest number of paired station samples. Results from 29 weekly 24-hr entrainment
surveys (1-28 and 34) collected from the stations of the new combined-cycle and Units 6 and 7
intakes were used in the comparison. Results from Survey 13, cycle 4; Survey 14, cycle5 and
Survey 16, cycle 5 were not used in the analysis due to the extreme, outlying nature of the three
values. The values may represent either arare set of yet unexplained circumstances or
experimental error. We will continue to investigate these separated results. Concentrations from
the two areas were compared by simple ratio of replicate samples as closely paired in time as
possible.

The test results indicate the ratio of unidentified Gobiidae larval concentrations between the two
stations change roughly 75 percent between day and night. The decreased nighttime similarity of
the two stations may reflect the presence of a hydraulic transition zone between the two stations,
where more outgoing tidal flows from Elkhorn Slough bearing concentrations of larvae reach the
combined-cycle area than the area of the Units 6 and 7 intake. The existence of such a hydraulic
pattern would be amplified by the late nighttime hours (cycles 4 and 5) by higher concentrations
of larvae from the slough. Although we continue below to compare these findings to results
from nighttime samples collected at the Harbor Bridge and Harbor Mouth stations, the spatial
effects seen in the first test results seem to preclude the possibility of converting daytime source
water concentrations to nighttime concentrations.
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Table 4-4. Sample Collection Times (PST) by Cycle, Date and Source Water Stations, Harbor
Mouth (HM) and Harbor Bridge (HB).

Harbor Mouth Harbor Bridge
Cycle
01/27/2000 02/03/2000|01/27/2000 02/03/2000
1 10:55 11:12 10:45 10:58
2 14:39 14:43 14:28 14:29
3 18:42 18:49 18:32 18:37
4 22:38 22:48 22:27 22:34
5 2:51 2:47 2:34 2:33
6 6:43 6:45 6:30 6:33

The results of a daytime and nighttime survey of two source water stations revealed no clear
pattern of either higher or lower entrainment proportions with respect to time of day. The
concentrations of the three larval taxa, unidentified gobies, bay goby, and Pacific staghorn
sculpin, that were consistently present in both entrainment and source water samples are
compared in Tables 4-5 and 4-6. Ratios shown in the table were calculated by dividing the
species' larval concentrations collected at the new CC units intake entrainment station by their
concentrations at the Harbor Mouth (HM) and Harbor Bridge (HB) stations. The results are
tabulated for the three taxa by survey date and the six sampling cycles. The average of all of the
species ratios by time of day (sampling cycle) ranges from 1.5 to 12.8 with minimum values of
0.1 to maximum values of 57. The results were highly variable with no clear pattern of
nighttime and daytime differences in proportion of entrainment and source water larval
concentrations from the harbor stations. The effect of tidal currents on distribution of larval
fishes from the Elkhorn Slough and Monterey Bay would be expected to represent a large source
of variation among source water stations and the ratio of entrainment and source water
concentrations.

Table 4-5. Ratio of Daytime and Nighttime Concentrations of Larval Unidentified Goby Taxa,
Bay Goby, and Pacific Staghorn Sculpin Collected at the Harbor Mouth (HM) Station to New CC
Units Intake Station Entrainment Concentrations.

iy | Unidentified Gobies Bay Goby Pad‘;guﬁ)?ﬂhom

e 2772000 02/032000| 012712000 02103/2000] 072772000 0210az000] MEAN | MIN | MAX
1 214 0.23 4.47 071 " " 189 | o023] 447
2 225 034 | 1999 103 041 025 | a05| o025 1990
3 0.30 10.95 107 5425 240 056 | 1150 | o030 | 5425
4 107 x 128 57.10 271 160 | 1275 | 107 | 5710
5 7.90 0.84 493 247 0.47 130 | 29| o47| 79
6 0.45 1457 039 2107 3.42 098 | e8| o030 2107

*No value can be computed.
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Table 4-6. Ratio of Daytime and Nighttime Concentrations of Larval Unidentified Goby Taxa,
Bay Goby, and Pacific Staghorn Sculpin Collected at the Harbor Bridge (HB) Station to New CC
Units Intake Station Entrainment Concentrations.

Unidentified Gobies Bay Goby Pacific Staghorn
HB Sculpin
Cycle
01/27/2000 02/03/2000]01/27/2000 02/03/2000]01/27/2000 02/03/2000] MEAN MIN MAX

1 2.20 0.19 2.40 0.47 5.62 * 2.18 0.19 5.62
2 3.60 0.35 8.98 1.29 1.05 0.13 257 0.13 8.98
3 0.24 2.95 0.78 14.88 1.78 0.99 3.60 0.24 14.88
4 1.04 211 1.21 6.72 1.33 2.01 2.40 1.04 6.72
5 1.27 0.70 2.36 2.08 0.74 2.03 1.53 0.70 2.36
6 0.37 10.05 0.34 23.36 3.49 1.15 6.46 0.34 23.36

*No value can be computed.
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4.2 Source Water Study Results

Nine monthly surveys have been conducted since the source water study began in June 1999.
Initially three stations (Kirby Park, Dairies, and Harbor Bridge) were sampled. Three new
stations (Figure 3-1) were added to the source water study in September 1999. Two of these
stations are located in Monterey Bay (Ocean North and Ocean South) and one station is located
at the mouth of the Moss Landing Harbor (Harbor Mouth). Descriptions of station locations are
provided in Table 3-2. Datafrom these new stations from September 1999 through February
2000 are presented in this report.

The source water was divided into three areas for the purpose of data assessment. To compute
larval fish percent composition and to calculate proportional entrainment for “Elkhorn Slough”
data were analyzed from the Kirby Park, Dairies, and Harbor Bridge stations for all nine surveys.
“Moss Landing Harbor” data were calculated from samples collected at the Harbor Bridge and
the new combined-cycle units and the Units 6 and 7 intakes on days when the source water
surveys were conducted. The “Ocean” data were calculated from samples collected from the
Harbor Bridge Station for the first three surveys (before the new stations were added) and from
the new Harbor Mouth and the two new Ocean stations for Surveys 4 through 9.

Eight taxa of larval fishes comprised nearly 95 percent of the total numbers of taxa collected in
the Elkhorn Slough area (Figure 4-4). The taxa, listed in decreasing order of abundance were:
unidentified gobies (60.4 percent), Pacific herring (10.9 percent), blennies Hypsoblennius spp.
(6.8 percent), longjaw mudsucker Gillichthys mirabilis (5.1 percent), bay goby Lepidogobius
lepidus (5.0 percent), Pacific staghorn sculpin Leptocottus armatus (4.1 percent), blackeye goby
Coryphopterus nicholsi (1.6 percent), and northern lampfish Stenobrachius leucopsarus (1.1
percent).

Ninety-five percent of the total numbers of taxa collected in the Moss Landing Harbor area
(Figure 4-4) was represented by many of the same taxa listed above. Thetaxa, listed in
decreasing order of abundance were: unidentified gobies (48.4 percent), bay goby (30.5 percent),
Hypsoblennius spp. (5.1 percent), blackeye goby (2.9 percent), northern lampfish (2.7 percent),
Pacific staghorn sculpin (2.5 percent), longjaw mudsucker (1.6 percent), and white croaker

G. lineatus (0.9 percent).

Species composition was more varied at the Ocean area. Twelve taxa (including unidentified
larval fishes) comprised 96 percent of all taxa (Figure 4-4). The taxa, listed in decreasing order
of abundance were: unidentified gobies (36.2 percent), northern lampfish S leucopsarus (27.4
percent), unidentified rockfishes Sebastes spp. (6.9 percent), white croaker (4.4 percent), bay
goby (4.1 percent), Hypsoblennius spp. (3.0 percent), thornyheads Sebastolobus spp. (3.0
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percent), Pacific staghorn sculpin (2.5 percent), unidentified larval fishes (2.4 percent), blue
lanternfish Tarletonbeania crenularis (1.7 percent), unidentified flounders Pleuronectidae (1.5
percent), and Pacific sand lance Ammodytes hexapterus (1.2 percent).

Fishes Collected in Elkhorn Slough

northern lampfish
1.1¢ all others
4.9%

blackeye goby
1.6%

staghorn sculpin
4.1%

bay goby
5.0%

longjaw mudsucker
5.1%

blennies
6.8%

Pacific herring
10.9%

Fishes Collected in Ocean Stations

all others
12.6%

staghorn sculpin
2.5%

thornyheads
3.0% unidentified gobies

blennies 36.2%

3.0%

bay goby
4.1%

white croaker
4.4%

rockfishes
6.9%

northern lampfish
27.4%

unidentified gobies
60.4%

Fishes Collected in Moss Landing Harbor

white croaker
0.9%

all others

longjaw mudsucker
5.4%

1.6%

staghorn sculpin
2.5%

northern lampfish
2.7%
blackeye goby
2.9%
blennies
5.1%

unidentified gobies
48.4%

bay goby
30.5%

Figure 4-4. Percent composition of the most abundant larval fish taxa collected in source water surveys
at Elkhorn Slough, Moss Landing Harbor, and Ocean areas: June 1999 through February 2000.
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Mean source water concentrations (no./1,000 m°) for all larval fishes for all source water surveys
are presented in Table 4-7. Source water concentrations of the eight most abundant taxa
collected in the entrainment surveys (Section 4-1) are discussed individually in Sections 4-3
through 4-10.

Mean source water concentrations (no./1,000 m®) for all targeted crab species collected in source
water surveys are presented in Table 4-7. Source water concentrations of the targeted crab
species collected in the entrainment surveys (Section 4-1) are discussed individualy in

Sections 4-11 through 4-18.

Three species of cancer crab megal ops comprised 100 percent of the total numbers of taxa
collected in the Elkhorn Slough area (Figure 4-5). Thetaxa, listed in decreasing order of
abundance were: hairy rock crab Cancer jordani (50 percent), red rock crab Cancer productus
(25 percent), and yellow rock crab Cancer anthonyi (25 percent).

Species composition was more varied at the Moss Landing Harbor area. Five species of cancer
crab megalops comprised 100 percent of the total numbers of taxa collected in the Moss Landing
Harbor area (Figure 4-5). The taxa, listed in decreasing order of abundance were: hairy rock
crab (36.4 percent), brown rock crab Cancer antennarius (34.7 percent), red rock crab (12.2
percent), yellow rock crab (8.2 percent), and slender rock crab Cancer gracilis (8.2 percent).

Five taxa of cancer crab megalops comprised 100 percent of the total numbers collected in the
Ocean area (Figure 4-5). Thetaxa, listed in decreasing order of abundance were: hairy rock crab
(66.9 percent), unidentified Cancer spp. (15.9 percent), brown rock crab (10.6 percent), slender
rock crab (5.3 percent), and yellow rock crab (1.3 percent).
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Ocean Stations

Cancer antennarius
(megalops)
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Figure 4-5. Percent composition of the most abundant megalopal cancer crab taxa collected in source
water surveys at Elkhorn Slough, Moss Landing Harbor, and Ocean Areas. June 1999 through February
2000.

E9-053.9 4-24 MLPP 316(b) Resource Assessment
4-28-2000



4.0 Entrainment and Source Water Results

Table 4-7. Mean Concentrations (#/1,000 m°) of all Larval Fish Taxa, Cancer spp. Megalops, and European Green Crab Megalops
Collected in the Source Water in the Vicinity of the Moss Landing Power Plant: June 1999 through February 2000.

Survey 1 Survey 2 Survey 3
June 17, 1999 July 12, 1999 August 12, 1999
Taxon Common Name Count Mean Den. (#/1000m3) Mean Den. (#/1000m3) Mean Den. (#/1000m3)
Kirby Park Dairies Harbor Bridge Kirby Park Dairies Harbor Bridge | Kirby Park Dairies Harbor Bridge
N=4 N=4 = N=2 N=4 N=3 N=4 N=4 N=4
Count Den. Count  Den. Count Den. | Count Den. Count Den. Count Den.| Count Den. Count Den. Count Den.

Agonidae unid. poachers 1

es hexapterus Pacific sand lance 547
Artedius spp. sculpins 8
Atherinidae unid. silversides 40 1 27
Atherinopsis californiensis jacksmelt 97
Bathylagus ochotensis popeye blacksmelt 1
Bathymasteridae unid. ronquils 2 1 45
Blennioidei blennies 1
Cebidichthys violaceus monkeyface eel 75
Chaenopsidae unid. tube blennies 1
Citharichthys sordidus Pacific sanddab 13
Citharichthys stigmaeus speckled sanddab 12
Clinocottus analis wooly sculpin 2
Clupea pallasii Pecific herring 683 2 6.2 1 57
Clupeidae unid. herrings 1
Clupeiformes herrings and anchovies 11 1 43
Coryphopterus nicholsi blackeye goby 62 34 146.3 8 23.0 2 10.2 4 17.1
Cottidae unid. sculpins 48 1 3.0
Cottus asper prickly sculpin 38
Engraulis mordax northern anchovy 55
Genyonemus lineatus white croaker 399
Gibbonsia spp. clinid kelpfishes 1
Gillichthys mirabilis longjaw mudsucker 214 45 182.0 22 61.6 12 1410 2 101 1 4.8
Gobiidae unid. unidentified gobies 8,686 366 1571.8 146 4143 7 337 72 8457 12 492 12 58.3 14 574 27 1373 12 53.2
Hexagrammidae unid. greenlings 2
Hypsoblennius spp. blennies 239 4 173 35 99.7 3 145 1 117 3 124 49 2535 11 369 68 343.1
larval fish - damaged unidentified larval fishes 7
larval fish fragment unidentified larval fishes 181 2 79 2 9.0
larval/post-larval fish, unid. unidentified larval fishes 12 1 43
Lepidogobius lepidus bay goby 1,861 2 7.9 2 57 1 50 5 249 1 44
Leptocottus armatus Pacific staghorn sculpin 465
Leuresthes tenuis Cadliforniagrunion 1
Liparis spp. snailfishes 1
Oligocottus spp. sculpins 1
Osmeridae unid. smelts 216 1 6.0
Oxylebius pictus painted greenling 3
Paralichthyidae unid. |efteye flounders & sanddabs 2
Parophrys vetulus English sole 3
Pleuronectes bilineatus rock sole 3
Pleuronectidae unid. flounders 80
Pleuronectiformes unid. flatfishes 27
Psettichthys melanostictus sand sole 5
Scorpaenichthys marmoratus cabezon 9
Sebastes aurora aurorarockfish 1
Sebastes diploproa splitnose rockfish 1
Sebastes jordani shortbelly rockfish 3
Sebastes spp. rockfishes 12
Sebastes spp. V rockfishes 82
Sebastes spp. V_De rockfishes 2
Sebastes spp. VD rockfishes 58
Sebastolobus spp. thornyheads 92
Senobrachius leucopsarus northern lampfish 630
Stichaeidae unid. pricklebacks 1
Syngnathidae unid. pipefishes 2 1 41
Tarletonbeania crenularis blue lanternfish 37
Xeneretmus latifrons blackeye poacher 1

FISH TOTALS:| 15,038 451 217 13 85 18 72 27 96 18
Cancer antennarius (megaops) brown rock crab 17
Cancer anthonyi (megaops) yellow rock crab 2
Cancer gracilis (megaops) slender rock crab 10
Cancer jordani (megalops) hairy rock crab 110
Cancer productus (mega ops) red rock crab 3
Cancer spp. (megalops) unidentified cancer crabs 24
Carcinus maenas (megal ops) European green crab 1
CRAB TOTALS: 167 0 0 0 0 0 0 0 0 0
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Table 4-7 (continued). Mean Concentrations (#/1,000 m®) of all Larval Fish Taxa, Cancer spp. Megalops, and European Green Crab
Megal ops Collected in the Source Water in the Vicinity of the Moss Landing Power Plant: June 1999 through February 2000.

Survey 4 Survey 5
September 16, 1999 October 14, 1999
Taxon Common Name Mean Den. (#/1000m3) Mean Den. (#/1000m3)
Kirby Park Dairies Harbor Bridge Harbor Mouth  Ocean North ~ Ocean South Kirby Park Dairies Harbor Bridge Harbor Mouth  Ocean North ~ Ocean South
N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4
Count Den. Count Den. Count Den. Count Den. Count Den. Count Den.| Count Den. Count Den. Count Den. Count Den. Count Den. Count Den.

Agonidae unid. poachers

es hexapterus Pacific sand lance
Artedius spp. sculpins 1 57
Atherinidae unid. silversides
Atherinopsis californiensis jacksmelt
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies
Cebidichthys violaceus monkeyface eel
Chaenopsidae unid. tube blennies 1 6.3
Citharichthys sordidus Pacific sanddab
Citharichthys stigmaeus speckled sanddab
Clinocottus analis wooly sculpin
Clupea pallasii Pacific herring
Clupeidae unid. herrings
Clupeiformes herrings and anchovies
Coryphopterus nicholsi blackeye goby 2 127 1 52 1 22
Cottidae unid. sculpins 1 24 1 25
Cottus asper prickly sculpin
Engraulis mordax northern anchovy 1 22
Genyonemus lineatus white croaker 1 20
Gibbonsia spp. clinid kelpfishes
Gillichthys mirabilis longjaw mudsucker 2 12.6 2 10.8 6 321 3 16.2
Gobiidae unid. unidentified gobies 50 3149 14 843 1 50 1 29 38 1817 184 965.8 61 3224 3 102 2 47
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies 8 537 9 555 2 51 1 29 3 173 25 1269 8 449 3 103 3 69
larval fish - damaged unidentified larval fishes
larval fish fragment unidentified larval fishes 2 9.2 1 29 1 26
larval/post-larval fish, unid. unidentified larval fishes
Lepidogobius lepidus bay goby 31 1988 1 69 3 71 1 23 31 158.6 48 2543 1 34
Leptocottus armatus Pacific staghorn sculpin 1 23 1 29 2 47 1 22
Leuresthes tenuis Cadliforniagrunion
Liparis spp. snailfishes
Oligocottus spp. sculpins
Osmeridae unid. smelts 1 49 2 135
Oxylebius pictus painted greenling
Paralichthyidae unid. |efteye flounders & sanddabs
Parophrys vetulus English sole
Pleuronectes bilineatus rock sole
Pleuronectidae unid. flounders
Pleuronectiformes unid. flatfishes
Psettichthys melanostictus sand sole
Scorpaenichthys marmoratus cabezon
Sebastes aurora aurorarockfish
Sebastes diploproa splitnose rockfish
Sebastes jordani shortbelly rockfish
Sebastes spp. rockfishes
Sebastes spp. V rockfishes
Sebastes spp. V_De rockfishes
Sebastes spp. VD rockfishes
Sebastolobus spp. thornyheads
Senobrachius leucopsarus northern lampfish
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes
Tarletonbeania crenularis blue lanternfish
Xeneretmus latifrons blackeye poacher

FISH TOTALS: 60 59 1 4 6 4 41 250 120 8 9 5
Cancer antennarius (megaops) brown rock crab 1 23 4 108 1 20
Cancer anthonyi (megaops) yellow rock crab
Cancer gracilis (megaops) slender rock crab 2 56 1 36 2 45
Cancer jordani (megalops) hairy rock crab 18 520 3 87 2 112 10 335 2 51 13 279
Cancer productus (mega ops) red rock crab
Cancer spp. (megalops) unidentified cancer crabs 16 391 1 26 1 20
Carcinus maenas (megal ops) European green crab
CRAB TOTALS: 0 0 0 0 37 3 0 0 2 11 7 17
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Table 4-7 (continued). Mean Concentrations (#/1,000 m°) of all Larval Fish Taxa, Cancer spp. Megalops, and European Green Crab

Megal ops Collected in the Source Water in the Vicinity of the Moss Landing Power Plant: June 1999 through February 2000.

Survey 6
November 18, 1999
Mean Den. (#/1000m3)

Survey 7
December 29, 1999
Mean Den. (#/1000m3)

Taxon Common Name Kirby Park Dairies Harbor Bridge ~ Harbor Mouth ~ OceenNorth ~ Ocean South | Kirby Park Dairies Harbor Bridge ~ Harbor Mouth ~ Ocean North  Ocean South
N=4 N=4 N=4 N= N=4 N=4 N=2 N=4 N=4 N=4 N=4 N=4
Count Den. Count  Den. Count Den. Count Den. Count Den. Count Den.| Count Den. Count Den. Count Den. Count Den. Count Den. Count Den.
Agonidae unid. poachers
es hexapterus Pacific sand lance
Artedius spp. sculpins
Atherinidae unid. silversides
Atherinopsis californiensis jacksmelt 16 2703
Bathylagus ochotensis popeye blacksmelt
Bathymasteridae unid. ronquils
Blennioidei blennies
Cebidichthys violaceus monkeyface eel
Chaenopsidae unid. tube blennies
Citharichthys sordidus Pacific sanddab 1 23
Citharichthys stigmaeus speckled sanddab
Clinocottus analis wooly sculpin
Clupea pallasii Pacific herring 10 1808
Clupeidae unid. herrings
Clupeiformes herrings and anchovies
Coryphopterus nicholsi blackeye goby 2 12.6
Cottidae unid. sculpins 1 4.4 1 28 1 55 2 4.4 1 20
Cottus asper prickly sculpin
Engraulis mordax northern anchovy
Genyonemus lineatus white croaker 1 4.9 2 48 2 10.8
Gibbonsia spp. clinid kelpfishes
Gillichthys mirabilis longjaw mudsucker 8 449 3 153 5 316 7 264 1 23 1 127 6 558 2 115 1 4.6
Gobiidae unid. unidentified gobies 27 1520 38 186.7 173 1064.9 127 490.6 15 322 6 126 23 399.6 102 8449 30 166.8 79 3357 8 195 1 23
Hexagrammidae unid. greenlings
Hypsoblennius spp. blennies 1 73
larval fish - damaged unidentified larval fishes
larval fish fragment unidentified larval fishes 1 5.6 3 114 1 21 4 96 2 51 2 50
larval/post-larval fish, unid. unidentified larval fishes
Lepidogobius lepidus bay goby 1 5.6 1 49 20 116.2 12 458 4 83 4 90 3 247 6 256 1 27
Leptocottus armatus Pacific staghorn sculpin 1 4.6 4 83 2 45 13 1849 13 1240 14 62.7 4 10.5 1 27
Leuresthes tenuis Cadliforniagrunion
Liparis spp. snailfishes
Oligocottus spp. sculpins
Osmeridae unid. smelts
Oxylebius pictus painted greenling
Paralichthyidae unid. |efteye flounders & sanddabs 1 6.4 1 27
Parophrys vetulus English sole
Pleuronectes bilineatus rock sole
Pleuronectidae unid. flounders
Pleuronectiformes unid. flatfishes
Psettichthys melanostictus sand sole
Scorpaenichthys marmoratus cabezon
Sebastes aurora aurorarockfish
Sebastes diploproa splitnose rockfish 1 26
Sebastes jordani shortbelly rockfish
Sebastes spp. rockfishes 1 20
Sebastes spp. V rockfishes 4 105
Sebastes spp. V_De rockfishes
Sebastes spp. VD rockfishes 2 51 5 114
Sebastolobus spp. thornyheads
Senobrachius leucopsarus northern lampfish 1 23 1 7.0 2 115 11 467 17 403 25 572
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes 1 71
Tarletonbeania crenularis blue lanternfish 2 8.0 1 27
Xeneretmus latifrons blackeye poacher
FISH TOTALS: 40 43 200 150 25 20 63 126 37 113 36 44
Cancer antennarius (megaops) brown rock crab 1 28 8 19.4
Cancer anthonyi (megaops) yellow rock crab 2 42
Cancer gracilis (megaops) slender rock crab 2 4.2 1 22
Cancer jordani (megalops) hairy rock crab 1 4.4 53 1240
Cancer productus (mega ops) red rock crab
Cancer spp. (megalops) unidentified cancer crabs 6 14.4
Carcinus maenas (megal ops) European green crab 1 27
CRAB TOTALS: 0 0 0 0 1 0 0 0 0 1 69 4
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Table 4-7 (continued). Mean Concentrations (#/1,000 m°) of all Larval Fish Taxa, Cancer spp. Megalops, and European Green Crab
Megal ops Collected in the Source Water in the Vicinity of the Moss Landing Power Plant: June 1999 through February 2000.

Survey 8 Survey 13
January 20, 2000 February 24, 2000
Taxon Common Name Mean Den. (#/1000m3) Mean Den. (#/1000m3)
Kirby Park Dairies Harbor Bridge ~ Harbor Mouth  Ocean North  Ocean South Kirby Park Dairies Harbor Bridge ~ Harbor Mouth Ocean North Ocean South
N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4 N=4
Count Den. Count Den. Count Den. Count Den. Count Den. Count Den.|Count Den. Count Den. Count Den. Count Den. Count Den. Count Den.

Agonidae unid. poachers

es hexapterus Pacific sand lance 1 4.2 1 27 21 50.1 1 1.8
Artedius spp. sculpins 1 75 2 74
Atherinidae unid. silversides 11 47.0 1 35 1 47
Atherinopsis californiensis jacksmelt 1 41 3 137 3 8.4
Bathylagus ochotensis popeye blacksmelt 1 1.8
Bathymasteridae unid. ronquils 1 21
Blennioidei blennies
Cebidichthys violaceus monkeyface eel 1 6.4 3 6.0
Chaenopsidae unid. tube blennies
Citharichthys sordidus Pacific sanddab 1 38 2 39
Citharichthys stigmaeus speckled sanddab 1 4.6 2 8.8 5 9.6 1 28
Clinocottus analis wooly sculpin 2 9.4
Clupea pallasii Pecific herring 5 292 4 148 1 57 3 15.2 331 14715 3 109 9 478 7 30.7 1 22
Clupeidae unid. herrings 1 4.7
Clupeiformes herrings and anchovies 1 51 1 1.8
Coryphopterus nicholsi blackeye goby 2 9.3 2 9.0
Cottidae unid. sculpins 1 6.6 1 75 1 38 1 4.7
Cottus asper prickly sculpin 1 4.7 5 274 3 135 1 1.8 1 21
Engraulis mordax northern anchovy 1 6.1 1 23 1 20 12 525 1 24
Genyonemus lineatus white croaker 5 244 13 691 30 135.8 35 824 23 490
Gibbonsia spp. clinid kelpfishes 1 71
Gillichthys mirabilis longjaw mudsucker 3 17.2 1 6.6 2 116 1 20 37 163.4 9 266 2 10.2 3 125
Gobiidae unid. unidentified gobies 34 1918 55 309.6 64 3882 73 4231 1 23 19 378 207 918.2 68 2553 193 945.6 283 1256.7 23 513 80 178.0
Hexagrammidae unid. greenlings 1 4.4
Hypsoblennius spp. blennies 1 41
larval fish - damaged unidentified larval fishes 1 22
larval fish fragment unidentified larval fishes 1 47 5 235 9 438 7 310 7 149 13 283
larval/post-larval fish, unid. unidentified larval fishes 1 4.7 1 18
Lepidogobius lepidus bay goby 3 16.0 7 322 4 252 20 1297 14 277 3 109 4 217 4 185 8 16.7 1 238
Leptocottus armatus Pecific staghorn sculpin 20 933 3 197 1 6.1 8 194 59 252.1 21 747 10 452 6 27.0 4 8.4 1 22
Leuresthes tenuis Cadliforniagrunion
Liparis spp. snailfishes
Oligocottus spp. sculpins
Osmeridae unid. smelts 2 12.0 3 159 1 4.6 9 451 10 451 1 18
Oxylebius pictus painted greenling
Paralichthyidae unid. |efteye flounders & sanddabs
Parophrys vetulus English sole
Pleuronectes bilineatus rock sole
Pleuronectidae unid. flounders 5 248 11 529 16 731 10 268 5 108
Pleuronectiformes unid. flatfishes 1 4.4 3 172 2 40 1 5.0 6 108 3 6.3
Psettichthys melanostictus sand sole 1 4.6
Scorpaenichthys marmoratus cabezon
Sebastes aurora aurorarockfish 1 21
Sebastes diploproa splitnose rockfish
Sebastes jordani shortbelly rockfish 2 48 1 24
Sebastes spp. rockfishes 6 144 1 6.4 1 43 3 5.8
Sebastes spp. V rockfishes 1 31 7 161 5 108 1 5.0 1 6.1 1 49 20 429 39 868
Sebastes spp. V_De rockfishes 1 57 1 43
Sebastes spp. VD rockfishes 2 9.7 19 447 3 69 1 6.1 2 82 13 265 9 204
Sebastolobus spp. thornyheads 10 512 14 62.6 24 500 24 520
Senobrachius leucopsarus northern lampfish 5 20.9 28 1484 66 293.7 311 647.6 138 289.9
Stichaeidae unid. pricklebacks
Syngnathidae unid. pipefishes
Tarletonbeania crenularis blue lanternfish 2 115 6 26.0 14 302 12 261
Xeneretmus latifrons blackeye poacher 1 20

FISH TOTALS: 69 69 7 116 45 48 661 132 312 470 510 359
Cancer antennarius (megaops) brown rock crab 1 4.7
Cancer anthonyi (megaops) yellow rock crab
Cancer gracilis (megaops) slender rock crab
Cancer jordani (megalops) hairy rock crab 1 4.7
Cancer productus (mega ops) red rock crab
Cancer spp. (megalops) unidentified cancer crabs
Carcinus maenas (megal ops) European green crab
CRAB TOTALS: 0 0 0 0 0 0 0 0 0 2 0 0
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4.3 Gobiidae: Introduction

Gobies belong to a successful family (Gobiidae) of small, demersal fishes that are found
worldwide in shallow tropical and subtropical environments. The family contains around 1,875
speciesin 212 genera (Nelson, 1994; Moser, 1996). The Family Gobiidae is second only to the
Family Cyprinididae (minnows) in total numbers of species (Moyle and Cech, 1988).
Twenty-one goby species from 16 genera occur in the California Cooperative Oceanic Fisheries
Investigations (CalCOFI) study area, from the northern California border to south of Baja
Cdlifornia (Moser, 1996).

Members of the goby family share a variety of distinguishing characteristics. Their body shape
is elongate and can be either somewhat compressed or depressed (Moser, 1996). Most members
of the family lack both alateral line and swim bladder (Moyle and Cech, 1988). Gobies
generally have two dorsal fins, the first consisting of 2 to 8 flexible spines and the second
containing a spine and several segmented rays (Moyle and Cech, 1988; Moser, 1996). Their
caudal finisrounded and their pelvic fins are typically joined to form a cup-like disc

(Moser, 1996). The eyes of most gobies are relatively large and are a dominant feature of their
blunt heads (Moyle and Cech, 1988). Goby species are extremely variable in coloration. They
range from the drab, cryptically colored species that inhabit mudflats to the striking, brightly
colored species of tropical and subtropical reefs (Moser, 1996).

One of the most important characteristics of the goby family istheir small size. The smallest
known vertebrate, which is mature at 8 to 10 mm (0.3 t0 0.4 in.), is a goby species

Trimmatom nanus from the Chagos Ilands in the Indian Ocean (Moyle and Cech, 1988). The
yellowfin goby Acanthogobius flavimanus, an introduced species that is native to China, is the
largest goby species found along the California coast. It reaches a maximum total length (TL) of
around 241 mm (9.5in.) (Miller and Lea, 1972). Dueto their size and evolved tolerances for a
variety of environmental conditions, gobies have been able to colonize habitats that are
inaccessible to most other fishes (Moyle and Cech, 1988). These include cracks and crevicesin
coral reefs, invertebrate burrows, mudflats, mangrove swamps, freshwater streams on oceanic
islands and inland seas and estuaries (Moyle and Cech, 1988).

Gobies generally occur in shallow marine habitats, however many members of the family are
euryhaline and are able to tolerate very low salinities and even freshwater. Gobies are often the
principal freshwater fish species on oceanic islands and are common in many of the rivers and
streamsin Asia (Moyle and Cech, 1988). A goby species Pandaka pygmaea from Luzon
(Philippines), which is mature at 10 to 12 mm (0.4 to 0.5in.), isthe world’ s smallest freshwater
fish. A number of goby species also have the ability to survive out of the water by “breathing”
air. Thelongjaw mudsucker Gillichthys mirabilis can survive for days out of water if kept moist,
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and the mudskipper Periopthalamus spp. regularly leaves the water to forage for terrestrial
insects among mangrove roots and exposed rocks (Moyle and Cech, 1988). Gobies eat avariety
of larval, juvenile, and adult crustaceans, mollusks, and insects. Many will also eat small fishes,
fish eggs, and fish larvae. Gobies from the genus Gobisoma are known to “clean” other fishes of
ectoparasites. In what could be defined as a parasitic relationship, one group of gobies feeds on
the tube feet of their sea urchin hosts (Teylaud, 1971).

Gobies are oviparous and produce demersal eggs which are generaly éliptical in shape (Moser,
1996), typically adhesive, and are attached to the nest substrate at one end. Parental care, often
provided by the male, is common in the family (Moser, 1996). Hatched larvae are planktonic.
The duration of the planktonic stage varies greatly within the family. Larval gobiids are
distinctive and not easily confused with other fish larvae. Exceptions include certain life stages
of eleotrids and scarids (Moser, 1996).

4.3.1 Unidentified Gobies

Identification of larval gobiidsto the specieslevel isdifficult. Larval gobies collected during
ML PP entrainment sampling that could not be identified to the species level were |eft at the
family level (Gobiidae) and are probably composed of some combination of the following
species. arrow goby Clevelandia ios, cheekspot goby Ilypnus gilberti, and the yellowfin goby
Acanthogobius flavimanus. At certain larval stages, bay goby Lepidogobius lepidus may share
similar taxonomic characters making it difficult to separate from the other species, especially
when the specimens are not in good condition.

Myomere counts and dorsal pigmentation characteristics can be used to identify many larvae to
the species level (Moser, 1996). A number of species cannot be separated unequivocally during
certain larval stages (Moser, 1996). The arrow goby Clevelandia ios, cheekspot goby Ilypnus
gilberti, and the shadow goby Quietula y-cauda cannot be differentiated during any larval stage
(Moser, 1996). However, the known range of the shadow goby Q. y-cauda extends only as far
north as Morro Bay in central California. Adult shadow gobies were not found in a recent study
of fishesin the vicinity of the MLPP (Lindquist, 1998). Brothers (1975) reported difficulty in
separating arrow goby from cheekspot goby that were less than 65 mm (2.6 in.) in length.

The arrow goby C. ios and the cheekspot goby |. gilberti have overlapping ranges and occupy
similar habitats. Both species inhabit burrows in mud flats and other shallow regions of bays and
estuaries (Miller and Lea, 1972). The fecundity of the arrow goby (750 to 1,000 eggs) and the
cheekspot goby (250 to 1,800 eggs) are similar (Wang, 1986). Eggs are demersal and adhesive,
with filaments for anchoring to substrates (Wang, 1986). No fecundity information is available
for the shadow goby. The northern range of the cheekspot goby extends to Tomales Bay (Miller
and Lea, 1972). Arrow goby occupy the most extensive range (of the three), occurring from the
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Gulf of Californiato Vancouver Island, British Columbia (Miller and Lea, 1972). Arrow goby
are common in the Moss Landing-Elkhorn Slough area and probably account for a majority of
the unidentified larval gobies collected during ML PP entrainment sampling. The cheekspot
goby has been documented in the area and may compose a portion of the Gobiidae category.

Since it appears that arrow goby may account for alarge portion of the larvae identified as
Gobiidae, its demography will be used to estimate entrainment effects. Brothers (1975)
estimated a two-month mortality for arrow goby larvae of 98.3 percent. Combining this estimate
with species-specific fecundity and an assumption of stable age distribution, allowed usto
calculate the number of adults potentially affected by larval entrainment mortality.

Endangered tidewater goby Eucyclogobius newberryi adults were recently collected in Bennett
Slough in October 1999 (M. Sazaki, CEC, pers. comm.). Larval tidewater goby can be
distinguished from other gobies and none were collected during any entrainment or source water
surveys at MLPP.

4.3.2 Unidentified goby results (53.2 percent)

Unidentified larval gobies comprised 53.2 percent of the total number of fishes collected in
entrainment samples from the new CC units intake (Figure 4-1). They were collected in al
entrainment surveys from March 2, 1999 through February 24, 2000 from in front of the intake
of new CC units (Figure 4-6). Peak concentration (1,799/1,000 m®) occurred on November 4,
1999 and the lowest concentration (43/1,000 m®) occurred on August 12, 1999.

The diel distributions were plotted for concentrations of larval unidentified gobies collected in
front of the new combined-cycle units intake (Figure 4-7). We analyzed only the entrainment
surveys that coincided with the source water surveys from June 1999 through February 2000.
Unidentified gobies were typically collected in highest concentrations during the nighttime
between 2200 and 0300 hours PST except for the October 1999, and January and February 2000
surveys. In October 1999 and January 2000, the peak diel concentration occurred after sunset at
approximately 1830 hours PST. In January 2000, the peak diel concentration occurred during
daylight at 1035 hours, and in February 2000 the peak occurred at dawn (0627 hours).
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Unidentified Gobies Entrainment Mean Concentration
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Note: All data are preliminary.

Figure 4-6. Mean survey concentrations (#/1,000 m®) of larval unidentified gobies at the Moss Landing
Power Plant new combined-cycle units intake: March 1999 through February 2000.
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Figure 4-7. Concentrations (#/1,000 m°) of larval unidentified gobies at the new combined-cycle units
intake separated by sample collection time (PST): June 1999 through February 2000.
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Larval unidentified gobies were the most abundantly collected taxa from the Elkhorn Slough,
Moss Landing Harbor, and the Ocean areas. As previously stated, adults of both arrow (C. i09)
and cheekspot (1. gilberti) gobies and have been documented in the area. It islikely that some of
these unidentified gobies are represented by these species, athough the larval forms at certain
stages cannot be distinguished from one another. Mean concentrations (#/1,000 m®) of
unidentified gobies for all stations, by tidal cycle are presented in Figure 4-8.

Unidentified gobies comprised 60 percent of the total larval fishes collected in the Elkhorn
Slough area, 48 percent in the Moss Landing Harbor area, and 36 percent in the Ocean area from
June 1999 through February 2000. Unidentified gobies were collected every month (Figure 4-8).
They were collected from all stations sampled from June through December 1999 except in
September and October 1999, when they did not occur at the Harbor Bridge (September only)
and Ocean North stations. Peaks in concentrations for both the low tides and high tides occurred
in the Elkhorn Slough area; high tide concentrations peaked (2,913/1,000 m®) in Kirby Park in
June 1999 and the low tide peak concentration (1,682/1,000 m®) occurred at the Kirby Park in
February 2000. Unidentified gobies were collected at both high and low tides from all stationsin
November 1999 and February 2000. (Figure 4-8).

Unidentified Gobies Source Water Mean Concentrations

10,000

BHigh
ELow

1,000 -

Mean Concentration (#/1,000 m3)
=
o
o
I
[

I
I
I
|
I
I
I

=
o
L
[
[
[
[
I
[
[
[
[
[
[
[
[
[
[
[

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Key—KP: Kirby Park; D: Dairies; HB: Harbor Bridge; HM: Harbor Mouth; ON: Ocean North; OS: Ocean South
w» Stations not included in study design until September.
® Samples voided due to improper preservation.

Figure 4-8. Source water concentrations (#/1,000 m°) of larval unidentified gobies at six stations near
Moss Landing Power Plant: June 1999 through February 2000.
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The Harbor Mouth, Ocean North, and Ocean South stations were not sampled in June, July, or
August. Generally concentrations of undentified gobies were low at the Ocean Stations. The
Ocean North Station had no unidentified gobies collected in September and October and
concentrations of 73/1,000 m®were reached in February 2000 during high tide. Unidentified
gobies were collected at the Ocean South Station in low concentrations (less than 15/1,000 m®)
during the September, October, November, and December surveys during high tide. I1n January
and February 2000, concentrations increased at the Ocean South Station to a peak of

209/1,000 m® during alow tide on February 24, 2000.

Data from the source water surveys show two seasonal peaks in unidentified goby
concentrations. The highest concentration in the Elkhorn Slough stations occurred at Kirby Park
in June 1999 (2,913/1,000 m*) during high tide. Other high concentrations occurred during a
high tide at the Harbor Bridge Station in November 1999 (1,940/1,000 m®) and at alow tide
(concentration = 1,721/1,000 m®) in February 2000. These distinct seasonal peaks may indicate
spawning by two species of goby. The peak concentration at Kirby Park also coincided with a
peak in bay goby concentrations. It is possible that these unidentified gobies may be bay goby
that were too small to identify to species. Similaritiesin concentration increases between bay
goby and unidentified gobies also occurred in November at the Harbor Bridge, Harbor Mouth,
Ocean North, and Ocean South stations.

Unidentified gobies were the second most abundantly entrained larval fishes collected in the first
entrainment sampling program from November 1978 through March 1980 (PG& E, 1983).
Taxonomic separations were not made within the Family Gobiidae except for longjaw
mudsucker. It was thought that these unidentified gobies were probably arrow goby, bay goby,
and yellowfin goby Acanthogobius flavimanus. Highest concentrations of 1,200/1,000 m* were
collected in January 1980 at Units 1 through 5 (PG&E, 1983).
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4.4 Bay Goby

Photographer: Neil McDaniel

Range: From Cedros Island, Bgja Cadliforniato
Vancouver Island, British Columbia.

LifeHistory: Size: to 108 mm (4.25 in.); age at maturity:
one to two years old; fecundity: limited information
available; lifespan: seven plus years.

Habitat: Intertidal mudflats, shallow pools.

Fishery: None.

Distribution Map for Bay Goby

The bay goby Lepidogobius lepidus is a common bottom-dwelling inhabitant of bays and
estuaries along the Pacific coast of North America. They range from Vancouver Island, British
Columbiato Cedros Island, Baja California (Miller and Lea, 1972). Bay goby were the most
abundant goby species collected between 1980 to 1992 during trawl surveys conducted in San
Francisco Bay by the California Department of Fish and Game (CDFG). The bay goby is
generally considered a shallow-water marine species but may occur on mud and mud-sand
substrates down to depths of 61 m (200 ft.) (Miller and Lea, 1972). They are common on
intertidal mudflats where they remain in invertebrate burrows and shallow pools when the tide is
out (Grossman, 1979). Like many marine-estuarine species they are tolerant of variationsin
salinity and temperature. During population monitoring studies in the San Francisco Bay-

E9-053.9 4-35 MLPP 316(b) Resource Assessment
4-28-2000



4.0 Entrainment and Source Water Results

Estuary bay goby occasionally (during periods of low Delta outflow) moved from marine waters,
upstream through the Carquinez Straits into the lower salinity waters of Suisun Bay (CDFG,
1999).

The bay goby isarelatively small, elongate species that reaches atotal length (TL) of about

108 mm (4.25 in.) (CDFG, 1999). Bay goby vary from light olive-green to tan or brown in color
with dark reddish-brown or brown dorsal mottling. Ventrally they have a uniform lighter
coloration. They generaly have a black-edged first dorsal fin. Scales are small and cover the
body and posterior portions of the head (Hart, 1973). They have a moderate-sized terminal
mouth and a blunt snout (Hart, 1973). Aswith other goby species their pelvic fins are fused,
forming a hollow cone. Bay goby are reported to live for 7 years or more, which is considered
unusual longevity for a small fish species (Grossman, 1979). Life span estimates of 2 to 3 years
have been derived from length frequency data collected by CDFG.

Based on differences in ova size/development from fish collected during April and May off
Hunters Point Power Plant in San Francisco Bay and in Moss Landing Harbor, bay goby have
been characterized as asynchronous multiple spawners (Wang, 1986). Female bay goby
appeared to become reproductively mature at around 40 mm (1.6 in.) (Grossman, 1979). With
the exception of afew gobies that mature within thelr first year, most individuals within a cohort
do not become reproductively mature until their second year (Wang, 1986). Spawning occurred
in Morro Bay from September through March, with peak activity occurring from January to
March (Grossman, 1979). Grossman (1979) suggested that the timing of reproduction in bay
goby may be highly variable. Little information about the details of bay goby spawning behavior
existsin current literature. Because bay gobies use invertebrate burrows for predator avoidance
and to stave-off dehydration during low tides it is thought that the species, like many other goby
species, may aso use burrows for spawning (Grossman, 1979; Wang, 1986). No fecundity
information is available for bay goby. Eggs are demersal, and spherical/elliptical in shape with
an adhesive anchoring point (Wang, 1986).

Newly hatched larvae are small (3 mm [0.12 in.] or less) and nearly transparent (Wang, 1986).
Literature suggests that bay goby have a planktonic life phase of 3 to 4 months (Grossman, 1979;
Wang, 1986). A 3to 4 month estimate for the pelagic phase corresponded well with the
recruitment models (based on gonadal maturity index data) for the species developed by
Grossman (1979). This estimate also corresponded with the first appearance of settled larvae in
Morro Bay, Californiaduring 1977. Bay goby larvae occur sympatrically with the larvae of
arrow goby Clevelandia ios, cheekspot goby Ilypnus gilberti and yellowfin goby Acanthogobius
flavimanus in San Francisco Bay and with arrow goby C. ios and shadow goby Quietula y-cauda
in Morro Bay (Wang, 1986; Grossman, 1979). In astudy by Wang (1986) most larval bay
gobies were collected in San Francisco Bay from November through May, with peak numbers
occurring in April and May. The greatest concentrations of larval bay gobies within the San
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Francisco Bay system appeared to be concentrated between the Golden Gate Bridge and Angel
Island (Wang, 1986). At about 25 mm TL (0.98 in.) bay goby larvae settle out of the plankton
layers to begin a demersal existence. A leopard-spot-like pattern of melanophores forms above
the lateral line in juveniles around the time they descend to the bottom (Grossman, 1979). In
addition to this cryptic coloration, juveniles (and adults) occupy the burrows of blue mud shrimp
Upogebia pugettensis, geoduck clams Panope generosa and other burrowing animals for shelter
and predator avoidance (Grossman, 1979).

No species-specific larval survivorship estimates were available for bay goby. However,
Brothers (1975) calculated larval mortality over two-months, post-hatching for three sympatric
gobiids (arrow goby, cheekspot goby, and shadow goby) from Mission Bay, California. These
estimates were used to approximate bay goby mortality for early life stages as well as post-
settlement juvenile and adult stages. Lack of species-specific fecundity data precluded
estimation of FH for this species, but substituting survivorship from these closely related species
for larval, juvenile, and adult stages allowed us to project future losses of equivalent adults.

Juvenile bay goby feed on a variety of small crustaceans including copepods and amphipods, as
well as some detrital material (Wang, 1986). Growth isinitialy rapid, with 50 percent of their
total growth (length) occurring within the first 2 years (Grossman, 1979). Following this period
of rapid growth, increases in length slow to about 6 mm (0.24 in.) per year (Grossman, 1979).
The diet of adult bay gobiesis not detailed in current literature but probably consists of many of
the same items consumed by sympatric goby species, including small crustaceans, mollusks,
larval fishes, and fish and invertebrate eggs.

Bay goby are thought to be an important food item in the diet of a variety of vertebrate and
invertebrate predators. Their abundance, small size, and long planktonic life make bay goby
larvae an important link in the food web of bay/estuarine systems (Wang, 1986). Their
abundance as juveniles and adults suggests that they remain an important forage species
throughout al life stages. The Pacific staghorn sculpin Leptocottus armatus and California
halibut Paralichthys californicus are among the many fish predators of adult bay goby (Brothers,
1975). It isaso assumed that many of the elasmobranch species (sharks and rays) that inhabit
estuarine systems prey on bay gobies (Grossman, 1979). A predatory opisthobranch species
Navanax intermis is also a documented predator (Paine, 1963). Wading and “ probe feeding”
birds are thought to regularly prey on bay gobies living on intertidal mudflats (Reeder, 1951).
Bird species like marbled godwits Limosa fedoa and willets Catoptrophorus semipal matus are
abundant on exposed tidal flats and probably consume a great number of bay goby. Terns Serna
spp. are also thought to be among the avian predators of the bay goby (Grossman, 1979). Dueto
their small size, bay goby are not harvested commercially for human consumption or targeted by
recreational anglers (Wang, 1986). There is no mention in current literature of their harvest or
use as bait, although they would probably be an effective bait for many species.

E9-053.9 4-37 MLPP 316(b) Resource Assessment
4-28-2000



4.0 Entrainment and Source Water Results

4.4.1 Bay goby results (30.4 percent)

Bay goby comprised 30.4 percent of the total numbers of larval fishes collected in entrainment
surveys at the new CC units intake (Figure 4-1). They were collected in all entrainment surveys
from March 2, 1999 through February 24, 2000 from in front of the intake of the CC units
(Figure 4-9). Concentrations were typically below 200/1,000 m* for from March 1999 through
mid-October 1999. Peak concentration (2,668/1,000 m*) occurred on November 18, 1999 and the
lowest concentration (22/1,000 m®) occurred on May 6, 1999. From November 22, 1999 through
February 24, 2000, concentrations ranged from alow of 152/1,000 m® to a high of 906/1,000 m*
(Figure 4-9).

The diel distributions were plotted for concentrations of bay goby collected in front of the new
combined-cycle units intake from June 1999 through February 2000 (Figure 4-10). We analyzed
only the entrainment surveys that coincided with the source water surveys. Bay gobies were
typically collected (8 out of 9 surveys) in highest concentrations during the nighttime between
1800 and 0300 hours PST. In February 2000 the peak diel concentration occurred at dawn at
0627 hours.
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Figure 4-9. Mean survey concentrations (#/1,000 m®) of larval bay goby at the Moss Landing Power
Plant new combined-cycle unitsintake: March 1999 through February 2000.
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Bay Goby Larval Entrainment Diel Mean Concentration
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Note: these entrainment surveys were conducted coincidentally with source water surveys.

Figure 4-10. Concentrations (#/1,000 m®) of larval bay goby at the new combined-cycle units intake
separated by sample collection time (PST): June 1999 through February 2000.

Bay goby comprised 5.0 percent of the total fishes collected in the Elkhorn Slough area,

30.5 percent in the Moss Landing Harbor area, and 4.1 percent in the Ocean area from June 1999
through February 2000 (Figure 4-4). Bay goby were collected in all surveys (Figure 4-11). They
were also collected at all stationsin November. The highest concentrations occurred at high
tides in September, October, November 1999, and January 2000. Generally peak concentrations
occurred during high tides except in August and December. The highest concentration
(509/1,000 m®) occurred at high tide in October at the Harbor Bridge station.
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Bay Goby Source Water Mean Concentration
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® Samples voided due to improper preservation.

Figure4-11. Source water concentrations (#/1,000 m°) of larval bay goby at six stations near Moss
Landing Power Plant: June 1999 through February 2000.

Sub-samples of bay goby larvae collected from the source water surveys and the new combined-
cycle intake surveys that corresponded to source water surveys (referred to as paired surveys)
were measured. The first 50 specimens per sample were measured. The length frequency
distribution of bay goby larvae varied among source water sampling locations. The largest
numbers of small larvae were collected from sampling stations located in the harbor, as shown in
Figure 4-12. Although our sample size of length-frequency varied with the number of larvae
among source water sampling stations, the shorter bay goby larvae appear to be missing from
both of the Elkhorn Slough sampling sites. Very few bay goby larvae were collected in the upper
Elkhorn Slough (Kirby Park). Thisfinding along with a pattern of increasing average larval size
and concentration at the Dairies Station suggests that the source of bay goby larvae is somewhere
in the direction of the harbor and Monterey Bay. The appearance of larger (possibly older stage)
larvae collected in the mid-slough samples (Dairies Station) is consistent with a transport of
larvae from a harbor/bay source up the slough. This pattern of shorter to longer larval length
from the Monterey Bay to upper slough would point to the Moss Landing Harbor and Monterey
Bay asalarval source. The strong pattern of decreasing concentration of bay goby larvae from
the harbor-bay to the upper slough also points to the harbor-bay as a primary source of bay goby
larvae. Thisconclusion is consistent with our knowledge of the species’ preferred spawning
habitat.
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Figure4-12. Length frequency of al larval bay goby Lepidogobius lepidus lengths measured (n=1,111*)
by source water and intake sampling locations (June 1999 through January 2000).

*CC Unitsintake: N = 862; source water survey: N = 249

The length frequency of all bay goby larvae from the paired surveysis plotted in Figure 4-13
along with the length frequency of source water specimens collected at high and low tide stages.
The figure shows that more individuals were collected at high tide, particularly in the 3.0 to 3.1
size classes. High tide water quality conditions or currents appear to favor hatching and
distribution of bay goby larvae. The length of specimens ranged from 3 to 4.2 mm; the majority
of individuals were between 3.3 and 3.6 mm. All of the bay goby lengths measured from both
entrainment and source water sub-samples are plotted by survey in the Figure 4-14 scattergram.
Inspecting the scattergram for periods of large numbers of smaller individuals followed by
periods of fewer and larger individuals to indicate a hatching event, it is possible that a cohort of
bay gobies hatched in July and November 1999. However the trends are dight, and the increase
in average length between surveys appears to be less than expected based on the growth of
individuals in asingle cohort. It is more likely that hatching occurred several times during the
summer and fall months, and the residual cohort of each hatching pulse blended in with new
peaks of hatching larvae.
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Bay Goby Length Frequency vs Tide
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Figure 4-13. Length frequency of all larval bay goby Lepidogobius lepidus measured (n=1,111*) by high
and low tide stage (June 1999 through January 2000).

*CC Unitsintake: N = 862; source water survey: N = 249
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Bay Goby Length by Date

4.50

4.00

3.50

3.00 -

N
o1
o

—

e d
SUIPTETTNEn ¢ ¢
o Y SPRANBAIMEINRIAS

Length (mm)

N
o
<]

1.50

1.00

0.50

0.00 T T T T T
05/20/99 07/09/99 08/28/99 10/17/99 12/06/99 01/25/00 03/15/00
Date

Figure 4-14. Scattergram plot of al larval bay goby Lepidogobius lepidus lengths measured (n=1,111*)
by source water survey date (June 1999 through January 2000).

*CC Unitsintake: N = 862; source water survey: N = 249
Bay goby were not identified in the PG& E (1983) entrainment studies. It islikely that they were

collected and that they were included in the general Family Gobiidae data analysis discussed in
Section 4.3.
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4.5 Blackeye Goby

Photograph: Dan Dugan

Coryphopterus nicholsi

S ! Range: From Point Rompiente, Baja Californiato
Queen Charlotte Idands, British Columbia.

¥
Tl

Life History: Size: to 150 mm (6 in.); Age a maturity:

i - two years, protogynous hermaphrodite; Fecundity: 3,300
. to 4,800 eggs; lifespan: five years.
i— H ‘(‘::'?‘—"”"‘.\
‘;fiﬁ_w Habitat: Rocky reefs near sand-rock interface.
— = [ i,
Fishery: None.
-

Distribution Map for Blackeye Goby

The blackeye goby Coryphopterus nicholsi occurs commonly around nearshore reefs from
Queen Charlotte Islands, British Columbiato Point Rompiente in Baja California (Miller and
Lea, 1972). They are amarine species but will occasionally enter bays and estuaries (Wang,
1986). Blackeye goby typically inhabit benthic substrates near the sand-rock interface. They
live in crevices and burrows within small territories that they defend aggressively (Love, 1996).
Blackeye goby are known to occur from the intertidal zone down to depths of 137 m (450 ft.)
(Love, 1996). The speciesis reported to be largely diurnal (Love, 1996). Fossil blackeye goby
otoliths have been identified from Pliocene deposits in California that are estimated have been
formed between 8 and 12 million years ago (Ebert and Turner, 1962). Hart (1973) reported that
blackeye goby larvae have the ability to survive exposure to low salinities.
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The blackeye goby is an elongate, medium-sized goby that can be distinguished from other
members of the family by their large scales, light coloration, and a fleshy ridge that extends
dorsally from to just behind the eyes to the insertion of the first dorsal fin (Ebert and Turner,
1962). Blackeye goby reach a maximum size of about 150 mm (6 in.) and have a life span of as
much as 5 years (Love, 1996). With the exception of portions of their head, their body is
covered with large, cycloid scales (Hart, 1973). Blackeye goby are pale tan to orange-olive in
coloration with some brownish and green speckling (Miller and Lea, 1972; Hart, 1973). A small
iridescent blue spot is present below each of the large black eyes and the distal margin of their
first dorsal finistipped with black (Ebert and Turner, 1962; Miller and Lea, 1972; Hart, 1973;
Love, 1996). Blackeye goby have a moderate-sized, terminal mouth that is directed forward
(Hart, 1973). The joined pelvic fins of males become darker in color during breeding season
(Ebert and Turner, 1962; Love, 1996). The speciesis hermaphroditic (protogynous) so all
blackeye goby start life as females (Wiley, 1973; Love, 1996). They become reproductively
mature within 2 years and at atotal length (TL) of 38 to 51 mm (1.5to 2 in.) (Love, 1996).
Female blackeye goby transform into males at around 64 to 76 mm (TL) (2.5to 3in.). Maes
can be recognized by the presence of a protruding urogenital papilla (Wang, 1986; Love, 1996).

Female blackeye goby are oviparous and based on examinations of ova by Wiley (1973) are able
to spawn more than once during a season (Wang, 1986). The spawning season of blackeye
gobies extends from February through October (Ebert and Turner, 1962; Wiley, 1973; Love,
1996). Peak spawning activity occurs in the late spring and early summer (Love, 1996). Males
prepare a nest by clearing (scraping) an area on the underside of ledges or underneath rocks for
egg attachment (Love, 1996). Females deposit between 3,300 and 4,800 € ongate/oblong eggsin
the nest (Wiley, 1973; Love, 1996). Ebert and Turner (1962) calculated an average nest size of
1,700 eggs. Eggs are demersal and adhesive at the point of attachment (Ebert and Turner, 1962;
Wiley, 1973). Nests, formed by asingle layer of eggs, are generaly circular in shape and
average about 100 mm (4 in.) in diameter (Ebert and Turner, 1962). Males guard the nest and
tend the eggs until they hatch (Love, 1996). No information was available concerning incubation
time. Newly hatched larvae are planktonic and about 3 mm (0.12 in.) in length (Ebert and
Turner, 1962). Larvae can be carried great distances by currents and wind action. Juveniles
have been found in surface waters far offshore as well as in the stomachs of albacore (Ebert and
Turner, 1962). The duration of the planktonic larval phase is approximately 75 days (Steele,
1997). Juveniles begin settling out of the water column at alength (TL) of 21 to 28 mm (0.83 to
1.1in.) and seek out rocky substrates to commence their demersal life phase (Wang, 1986).

No species-specific larval survivorship estimates were available for blackeye goby. However,
Brothers (1975) calculated larval mortality over two-months, post-hatching for three sympatric
gobiids (arrow goby, cheekspot goby, and shadow goby) from Mission Bay, California. These
estimates were used to approximate bay goby mortality for early life stages as well as post-
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settlement juvenile and adult stages. Lack of species-specific fecundity data precluded
estimation of FH for this species, but substituting survivorship from these closely related species
for larval, juvenile, and adult stages allowed us to project future losses of equivalent adults.

Blackeye goby consume a variety of small organisms and larval forms. The diet of juveniles
includes crustaceans such as copepods and amphipods and their nauplii, as well as mollusk and
echinoderm larvae, and bryozoans (Wang, 1986). The diet of adult blackeye goby consists
mostly of small crustaceans (copepods and amphipods) and mollusks such as limpets and snails
(Love, 1996). During their planktonic stage larval blackeye goby are probably consumed by a
variety of species. Juveniles and adults develop predator avoidance behavior but still fall prey to
numerous fish and bird species. Diving birds such as pelagic, Brandt’s, and double-crested
cormorants are among the reported avian predators of blackeye goby (Love, 1996). Blackeye
goby are not targeted by commercial or recreational fishermen and are probably rarely, if ever,
taken.

4.5.1 Blackeye goby results (3.0 percent)

Blackeye goby comprised 3.0 percent of the total numbers of larval fishes collected in
entrainment surveys at the new CC unitsintake (Figure 4-1). They were collected in all
entrainment surveys from March 2, 1999 through December 9, 1999 from in front of the intake
of the new CC units (Figure 4-15). They were collected again in low concentrations (below
35/1,000 m®) in the December 21, December 29, 1999 and January 13, February 3, February 10,
and February 24, 2000 surveys. Peak concentration (281/1,000 m®) occurred on November 11,
1999 and the lowest concentration (1/1,000 m®) occurred on March 2, 1999. Concentrations
were typically below 50/1,000 m? for most of the time period sampled.

The diel distributions were plotted for concentrations of blackeye goby collected in front of the
new combined-cycle units intake from June 1999 through February 2000 (Figure 4-16). We
anayzed only the entrainment surveys that coincided with the source water surveys. They were
not collected in the January 2000 entrainment survey that coincided with the source water
survey. Blackeye goby were typically collected in highest concentrations during the nighttime
between 2200 and 2300 hours PST except in October when the highest concentration occurred
after sunset at 1829 PST hours.
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Figure 4-15. Mean survey concentrations (#/1,000 m®) of larval blackeye goby at the Moss Landing

Power Plant new combined-cycle units intake: March 1999 through February 2000.

E9-053.9



4.0 Entrainment and Source Water Results

Blackeye Goby Larval Entrainment Diel Mean Concentration

700

600

33
=}
s}

N
o
s}

w
=}
s}

Mean Concentration (#/1,000 nt)

N
o
s}

(1 N PR A | T A

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
BaRBSEERgE® " BRSNS ®gasgrsdIgsra®IggaRgSeERresr®Fgs8E S YBERE S

Note: these entrainment surveys were conducted coincidentally with source water surveys.

Figure 4-16. Concentrations (#/1,000 m®) of larval blackeye goby at the new combined-cycle units
intake separated by sample collection time (PST): June 1999 through February 2000.

Blackeye goby comprised 1.6 percent of the total fishes collected in the Elkhorn Slough area,
2.9 percent in the Moss Landing Harbor area, and less than 1 percent in the Ocean area from
June 1999 through February 2000 (Figure 4-4). Blackeye goby were collected in al months
except December 1999 and January 2000 (Figure 4-17). They were only collected at low tides
except at Kirby Park in June and November 1999 and the Dairies and Harbor Mouth in February
2000. However, the peak concentration (280/1,000 m®) occurred at high tide in June at Kirby
Park. Blackeye goby were not collected at the Ocean stations except at the Ocean North station
during alow tide in October.

Blackeye goby were not identified in the PG& E (1983) entrainment studies. It islikely that they
were collected and that they were included in the general Family Gobiidae data analysis
discussed in Section 4.3.
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Blackeye Goby Source Water Mean Concentration
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Figure 4-17. Source water concentrations (#/1,000 m®) of larval blackeye goby at six stations near Moss
Landing Power Plant: June 1999 through February 2000.
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4.6 Pacific Staghorn Sculpin

@ Keith Jackson 1997

Range: From San Quintin Bay, Baja, Caiforniato
Chignik, Alaska in the southern Bering Sea.

Life History: Size: commonly less than 254 mm (10 in.);
Age at maturity: approximately one year old; Fecundity:
2,000 to 11,000 eggs, Life span: maximum age
unknown.

Habitat: Lower reaches of bays and estuaries; shallow
muddy and silty substrates; intertidal to depths of 91 m
(300 ft).

Fishery: Recreational; common catch from piers, used
as bait, primarily in striped bass fishery. Commercial;
by-catch in trawl fishery, small bait-fish market.

Distribution Map for Pacific Staghorn Sculpin

The Pacific staghorn sculpin belongs to the Family Cottidae, alarge group (more than 300
species) of bottom-dwelling fishes. These estuarine fish range from San Quintin Bay in northern
Baga Cdiforniato Chignik, Alaskain the southeastern Bering Sea (Miller and Lea, 1972). They
are very abundant in tide pools throughout British Columbia. In the southern half of their range
they begin to appear more commonly in freshwater (Moyle, 1976). Pacific staghorn sculpin are
abundant in San Francisco, San Pablo, and Tomales bays. They are also common in Moss
Landing Harbor and Elkhorn Slough (Jones, 1962).

These slow-moving bottom fish have been reported to be as long as 460 mm (18 in.) in Canadian
waters and 310 mm (12 in.) in California. However, Fitch and Lavenberg, (1975) could only
document lengths of just less than 254 mm (10 in.). Pacific staghorn sculpin are able to change
color to blend in with their surroundings. They are typically grayish green on the dorsal surface,
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yellowish on the side, and cream colored below. Dark bars appear on the pectoral fins. Staghorn
sculpin mature at about one year old (127 mm; 5in.) and are approximately 5 years old at 254
mm (10 in.). Their maximum age is unknown (Fitch and Lavenberg, 1975).

The Pacific staghorn sculpin is classified as a nondependent marine fish, meaning that although
commonly found in estuarine environments, it does not require this habitat type to complete its
life cycle (Moyle and Cech, 1988). Staghorn sculpin are usually found in shallow subtidal
waters, but may be found as deep as 91 m (300 ft). They commonly burrow into sandy mud
bottoms of bays and estuaries leaving only their head and eyes exposed. They are occasionally
found in the lower reaches of freshwater streams.

Spawning takes place from October through April, with a peak in January and February.
Spawning locations tend to be shallow coastal bays, inlets, sounds, and sloughs with optimal
salinity measurements between 27 to 28.3 ppt (Jones, 1962). The substrate varies from mud and
sand bottoms to more firm rocky areas. The females spawn only once a season, producing
between 2,000 to 11,000 spherical eggs, which are deposited in clusters. After spawning, the
adults leave the shallow spawning areas for deeper offshore waters (Tasto, 1975). Eggs hatchin
about ten days and the larvae (averaging 4.5 mm [0.2 in.] in length) swim to the surface,
becoming planktonic (Jones, 1962). It has been suggested (Wang, 1986) that the larvae may
remain on the bottom for a short period of time before they ascend to the surface. It takes
approximately eight weeks from the time of hatching until larvae metamorphose to juveniles, at a
length of 15t0 20 mm (0.6t0 0.8in.) TL (Matarese et al., 1989). In a Pacific staghorn sculpin
population from Anaheim Bay, California, Tasto (1975) reported an estimated growth rate of
13.5 mm (0.53 in.) per month for the months of March and April. Results of alaboratory
experiment during those same months exhibited a mean monthly growth increment of 9.1 mm
(0.36in.) (Tasto, 1975).

Juvenile Pacific staghorn sculpin recruit to shallow inshore waters and sloughs. It has been
reported that juveniles move up estuaries and into freshwater and remain there for about three
months before moving to a more saline environment (Moyle, 1976; Love, 1996). Juveniles
probably become demersal after reaching 10 to 15 mm (0.4 to 0.6 in.) in length (Wang, 1986).
Their most abundant prey include amphipods, nereid worms, and small anchovy (Jones, 1962).

Adult Pacific staghorn sculpin usually bury themselves while waiting for prey, but will
periodically move about in search of crustaceans, polychaete worms, mollusks, other
invertebrates, and several kinds of larval, juvenile, and adult fishes. Pacific staghorn sculpin
move to the mudflats at high tide to feed, occasionally getting stranded as the tide moves out.
A variety of birds search out and feed on the buried adults, as well as on the juveniles who
aggregate in the brackish shallows of estuaries. Marine mammals and other fish species
commonly feed on the Pacific staghorn sculpin.
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Pacific staghorn sculpin are fished for in bays from southern California northward and sold
commercialy as bait-fish, particularly for the striped bass fishery. Recreational fishermen easily
catch Pacific staghorn sculpin from piers and shore, mostly to use as bait. The California state-
wide commercial landings for Pacific staghorn sculpin for the last twelve years are shown in
Figure 4-18.
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Figure 4-18. Pacific staghorn sculpin California state-wide landings: 1987 through 1998.

4.6.1 Pacific staghorn sculpin results (2.2 percent)

Pacific staghorn sculpin comprised 2.2 percent of the total numbers of larval fishes collected in
entrainment surveys at the new CC units intake (Figure 4-1). They were not collected at the CC
units intake entrainment surveys during the first 3 June surveys, July, and September 1999
(Figure 4-19). Pacific staghorn sculpin larvae have been collected in every survey from October
14, 1999 through February 24, 2000. The highest concentration (225/1,000 m®) occurred on
December 16, 1999.

The diel distributions were plotted for concentrations of larval Pacific staghorn sculpin collected
in front of the new CC units intake from June 1999 through February 2000 (Figure 4-20). We
anayzed only the entrainment surveys that coincided with the source water surveys. Pacific
staghorn sculpin larvae were only collected in the October 1999 through February 2000
entrainment surveys that coincided with source water surveys. In November 1999 through
January 2000 concentrations were highest at nighttime. In October 1999 they were collected in
three cycles (1556 hours, 2235 hours, and 0705 hours PST) in nearly equal concentrations, and in
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February 2000 they were collected in nearly equal concentrations at 1129 hours and 2218 hours
PST.
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Figure 4-19. Mean survey concentrations (#/1,000 m®) of larval Pacific staghorn sculpin at the Moss
Landing Power Plant new combined-cycle units intake: March 1999 through February 2000.
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Pacific Staghorn Sculpin Larval Entrainment Diel Mean Concentration
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Note: these entrainment surveys were conducted coincidentally with source water surveys.

Figure 4-20. Concentrations (#/1,000 m®) of larval Pacific staghorn sculpin at the new combined-cycle
units intake separated by sample collection time (PST): June 1999 through February 2000.

Pacific staghorn sculpin comprised 4.1 percent of the total larval fishes collected in the Elkhorn
Slough area, 2.5 percent in the Moss Landing Harbor area, and 2.5 percent in the Ocean area
from June 1999 through February 2000 (Figure 4-4). Pacific staghorn sculpin were collected in
low concentrations (less than 26/1,000 m®) in source water surveys from September through
November 1999 (Figure 4-21). They were collected at both the Ocean North and Ocean South
(except January 2000) stations in each of those six surveys. The highest concentration
(306/1,000 m®) occurred in February 2000 during alow tide at the Kirby Park Station. Another
peak in concentration (248/1,000 m®) occurred at the Dairies Station on alow tide in December
1999.

Pacific staghorn sculpin larvae were entrained at Units 1 through 5 from September 1979
through March 1980 during the first entrainment study (PG&E, 1983). The peak concentration
(200/1,000 m®) occurred at Units 1 through 5 in January 1980 (PG& E, 1983).
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Pacific Staghorn Sculpin Source Water Mean Concentration

1,000

D High
BLow

=
15
S

Mean Concentration (#/1,000 mg)
[
o
L
L
L

Key—KP: Kirby Park; D: Dairies; HB: Harbor Bridge; HM: Harbor Mouth; ON: Ocean North; OS: Ocean South
w» Stations not included in study design until September.
® Samples voided due to improper preservation.

Figure 4-21. Source water concentrations (#/1,000 m°) of larval Pacific staghorn sculpin at six stations
near Moss Landing Power Plant: June 1999 through February 2000.
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4.7 White Croaker

Source: CDFG

Range: From Todos Santos Bay, Baja California north
to Barkley Sound, Vancouver 1sland, British Columbia.

LifeHistory: Size: up to 380 mm (15in.) and 0.5 kg

(1 1b); Age at maturity: one to four years, Fecundity:
spawns 18 to 24 times a season, 800 to 37,000 eggs; Life
span: twelve to fifteen years.

Habitat: Near shore and offshore waters to 100 m
(328 ft) in depth.

Fishery: Recreational, small commercial market.

Distribution Map for White Croaker

The white croaker, also called drum, belongs to the Family Sciaenidae (Order Perciformes)
which contains over 210 species. White croaker are found from southern Baja Californiato
Vancouver Idland, British Columbia. They are most abundant from southern California
northward to about Monterey; they are uncommon north of San Francisco (Love, 1996). They
are present in the Sacramento-San Joaquin Estuary, Tomales Bay, and the Moss Landing
Harbor/Elkhorn Slough area. In North America, there are about 34 species of croaker, many of
them important as sport and commercial fishes (Moyle and Cech, 1988). The white croaker has
been given many names; in central California and in most fish markets, “kingfish” is most often
used.

White croaker are bottom-dwelling fishes found schooling and feeding along warm, shallow,
nearshore coasts. White croaker are usually found in loose schools over sand or mud bottoms of
bays and estuaries and in areas less than 30 m (98 ft) deep just outside the surf zone (Streamnet,
1999). They may also, however, inhabit off-shore waters up to 100 m (328 ft) deep (Frey, 1971).
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These fish seem to move inshore during summer months and offshore in winter. White croaker,
silver in color, can reach 380 mm (15 in.) in length and can weigh over 0.5 kg (1 Ib) (Streamnet,
1999). These fish reach maturity in one to four years and may live from twelve to fifteen years

(Frey, 1971).

Although some spawning takes place throughout the year, most occurs between November and
May (Skogsberg, 1939) with the heaviest concentration during the early spring months. Adults
spawn in both near-shore shallow waters and the open waters of bays and estuaries. A large
spawning center is located north and south of the Palos Verdes Peninsula, from Redondo Beach
to Laguna Beach, and a smaller center is found north of Ventura (Love et a., 1984). Femaleslay
from 800 to 37,000 eggs, and are able to spawn 18 to 24 times aseason (Love et a., 1984). The
fertilized eggs are pelagic and most drift into the shallow sand and gravel bottom regions of the
bays and estuaries.

The spherical eggs hatch in about one week, with the newly hatched larvae averaging about

1.6 mm (0.06 in.) (Watson, 1982). The young larvae are pelagic and post-flexion larvae settle
out to the sand and gravel bottom substrate as they develop (Love et a., 1984). There are no
species-specific estimates of survivorship in the literature and therefore we assumed a 99 percent
larval mortality through settlement. Length frequency analysis of white croaker larvae at the
Diablo Canyon Power Plant in yielded mortality rates of approximately 99 percent (Tenera,
2000). Murdoch et a. (1989) estimates adaily larval growth rate of 0.20 mm per day. The
shallows of bays and estuaries are used as nursery grounds for the white croaker, but larvae are
found in open water as well (Wang, 1986). While afew larvae have been taken as far as 150
miles offshore, most larvae reside within 20 miles of the coast (Love, 1996).

Early juveniles remain in the bays and estuaries; as they mature, the juveniles gradually migrate
to deeper ocean waters, usualy in the summer and fall (Wang, 1986). Juveniles are
approximately 1.3to 13 cm TL (Emmett et a., 1991). Both juveniles and adults favor cloudy
water.

The white croaker, although not of prime importance, has commercia value as bait and as a food
fish. Commercia landing information for white croaker in the Monterey and Moss Landing area
isshown in Figure 4-22a and b. 1n addition to man, white croaker are preyed upon by tuna, sea
bass, dolphin, halibut, and sealions. White croaker feed on just about anything, including crabs,
shrimps, mollusks, and detritus. Since it is omnivorous and feeds in nearshore waters, the white
croaker is susceptible to pollutants accumulating in its tissues. The white croaker fishery has
been subject to occasional closures due to health threats to humans.
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Figure 4-22. (a) White croaker California state-wide, Monterey area, and Moss Landing Harbor landings
(1,000,000 Ibs) and (b) White croaker California state-wide, Monterey area and Moss Landing Harbor
landings values (dollars): 1987 to 1998.

4.7.1 White Croaker Results (2.1 percent)

White croaker comprised 2.1 percent of the total numbers of larval fishes collected in
entrainment surveys at the new CC units intake (Figure 4-1). They were collected in four
entrainment surveysin March 1999 and the first survey in April 1999 (Figure 4-23). A high
concentration (197/1,000 m®) occurred on March 8, 1999. White croaker |arvae were collected
on June 24, 1999 in low concentrations (2/1,000 m®). Beginning in November 1999 they were
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collected in each weekly survey except on January 21, 2000. The highest peak concentration
(226/1,000 m*) occurred on December 21, 1999.

The didl distributions were plotted for concentrations of larval white croaker collected in front of
the new combined-cycle units intake from June 1999 through February 2000 (Figure 4-24). We
anayzed only the entrainment surveys that coincided with the source water surveys. During
June through October 1999 and during January 2000 no white croaker larvae were collected in
entrainment surveys that coincided with source water surveys.

White Croaker Entrainment Mean Concentration

250

n
o
=]

[N
a
=]

100 +

Mean Concentration (#/1,000 m®)

50 1

T © © © £ § § § £ £ £ £ o ®» § &8 © © © © ®© ® © © ©® L LB L 2 © O O @
¥ 5§ 8% 3% ¥ 8§88 8 5§ FyggEs 555§ 888 58 2 2 2 888 5 533 3 3 ¢ g g g
)
= 2R B S
---

Figure 4-23. Mean survey concentrations (#/1,000 m®) of larval white croaker at the Moss Landing
Power Plant new combined-cycle units intake: March 1999 through February 2000.

In November 1999 larval white croaker were collected in highest concentrations before dawn
(0636 PST). In December 1999 and February 2000 larval white croaker were collected in nearly
equal peak concentrations during nighttime and daytime.
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White Croaker Larval Entrainment Diel Mean Concentration
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Figure 4-24. Concentrations (#/1,000 m®) of larval white croaker at the new combined-cycle units intake
separated by sample collection time (PST): June 1999 through February 2000.

White croaker comprised less than 1 percent of the larval fish taxa collected in the Elkhorn
Slough area, 0.9 percent in the Moss Landing Harbor area, and 4.4 percent in the Ocean area.
White croaker larvae were collected only during the October, November, December 1999, and
February 2000 surveys (Figure 4-25). They were collected from the Ocean South Station in
October and November, from the Dairies Station in November, and from the Harbor Bridge
Station in December. White croaker larvae were not collected at any stations in the January
2000 source water survey. They were collected at al stations except Kirby Park in February
2000. The peak high and low tide concentrations (155/1,000 m* and 116/1,000 m®, respectively)
occurred at Kirby Park in February 2000.

White croaker larvae were entrained from August 1979 to March 1980 during the first
entrainment study (PG&E, 1983). The peak concentration (400/1,000 m®) occurred at the Units
1 through 5 intake in November and December 1979 (PG& E, 1983).
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Figure 4-25. Source water concentrations (#/1,000 m®) of larval white croaker at six stations near Moss
Landing Power Plant: June 1999 through February 2000.
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4.8 Blenniidae:; Combtooth blennies

Combtooth blennies are a prominent group among the fish fauna that inhabits inshore rocky
habitats throughout much of the world. They are members of the Family Blenniidae within the
Order Blennioidei, which also includes the clinids. Clinids are an extremely variable group of
intertidal fishes that includes kelpfish Gibbonsia spp. and fringeheads Neoclinus spp. The
Family Blenniidae, the combtooth blennies, contains around 345 species in 53 genera (Nelson,
1994; Moser, 1996). They derive their common name from the arrangement of closely spaced
teeth in their jaws. Four Blenniid species have been reported to occur in the CalCOFI study area,
although one, Ophioblennius steindachneri, only ranges as far north as Bgjia Sebastian Vizcaino
in central Bgja California (Moser, 1996).

The Family Bleniidae is composed of species that vary widely in general appearance (Moser,
1996). Despite this diversity in appearance the family shares several common external
characteristics. Combtooth blennies are all relatively small fishes that typically grow to atotal
length of less than 200 mm (7.9 in.) (Moser, 1996). Most have blunt heads that are topped with
some arrangement of cirri (Moyle and Cech, 1988; Moser, 1996). Their bodies are generally
elongate and without scales. Dorsal fins are often continuous and contain more soft rays than
spines (Moyle and Cech, 1988). Coloration in the group is quite variable, even among
individuals of the same species (Stephens et al., 1970).

Blennies inhabit a variety of hard substrates in the intertidal and shallow subtidal zones of
tropical and subtropical marine habitats throughout the world. They may occur to depths of

24 m (80 ft) but are more frequently found in water depths of less than 5 m (15 ft) (Love, 1996).
Combtooth blennies are common in rocky tidepools, reefs, breakwaters, and on pier pilings.
They are also frequently observed on encrusted buoys and boat hulls. With the exception of the
semi-pel agic sabertooth blenny Aspidontus taeniatus they tend to be demersal (Moser, 1996).
Combtooth blennies are omnivores and eat both algae and a variety of invertebrates, including
limpets, urchins, and bryozoa (Love, 1996).

4.8.1 Hypsoblennius Spp.

Combtooth blennies are represented along the California coast by three members of the genus
Hypsoblennius; the bay blenny Hypsoblennius gentilis, rockpool blenny Hypsoblennius gilberti,
and mussel blenny Hypsoblennius jenkinsi. These species co-occur throughout much of their
range. The bay blenny H. gentilisis found along both coasts of Bgja California and up the
California coast to as far north as Monterey Bay, although it is absent from the Cape San Lucas
area (Miller and Lea, 1972; Stephens et al., 1970). The distribution of the rockpool blenny

H. gilberti extends from Magdalena Bay, Baja Caiforniato Pt. Conception, California (Miller
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and Lea, 1972; Stephens et a., 1970). The range of the mussel blenny H. jenkinsi extends only
asfar north as Coal Oil Point in Santa Barbara County but occurs south to Puerta Marquis,
Mexico (Miller and Lea, 1972; Stephens et al., 1970). Each species appears to have different
habitat preferences. The mussel blenny H. jenkinsi is only found subtidally and inhabits mussel
beds, the burrows of boring clams, or Serpulorbis spp. tubes (Stephens et a., 1970). They
generaly remain within one meter of their chosen refuge (Stephens et al., 1970). Rockpool
blenny H. gilberti typically inhabit cobble in the intertidal and shallow subtidal zone and may
regularly range as far as 15 m (49 ft) within their territories. Bay blenny H. gentilis are usually
found subtidally but appear to have genera habitat requirements and may inhabit a variety of
intertidal and subtidal areas (Stephens et a., 1970). Bay blenny are commonly found in mussel
Mytilis spp. beds and on encrusted floats, buoys, docks, and even fouled boat hulls (Stephens et
al., 1970). H. gentilis are often found in bays and are tolerant of nearly estuarine conditions
(Stephens et al., 1970). They are among the first fish species to colonize new or disturbed
marine habitats such as new breakwaters (Stephens et al., 1970; Moyle and Cech, 1988).

There are several morphological differences between the adults of three sympatric
Hypsoblennius species. The head shape is different, asis the posterior extent of the lateral line
(Stephens et a., 1970). In addition, the number of fin rays, coloration, and size may be
distinguishing characteristics among adults (Stephens et a., 1970). Bay blenny are the largest of
the three Hypsoblennius species inhabiting the California coast, reaching a size of 147 mm
(5.8in.) and living for at least 7 years (Stephens et a., 1970; Miller and Lea, 1972). The
rockpool blenny attains a size of 140 mm (5.5 in.) and may live for 8 to 10 years (Stephens et d.,
1970; Miller and Lea, 1972). Stephens et al. (1970) stated that the rockpool blenny grew faster
and attained alarger size than the bay blenny, however, Miller and Lea (1972) lists the bay
blenny as growing larger. The smallest are mussel blenny which grow to 112 mm (4.4 in.) and
have alife span 3 to 6 years (Stephens et al., 1970; Miller and Lea, 1972). Male and female
growth rates are similar. Female rockpool blenny are 64 mm (2.5in.) TL or more in size before
they become reproductively mature (Love, 1996). Some individuals mature within their first
year, however it is more common for blenny to become mature in their second (Love, 1996).

The spawning season of the three California Hypsoblennius spp. begins in the spring and may
extend into September (Stephens et al., 1970). Blennies are oviparous and lay demersal eggs that
are attached to the nest substrate by adhesive pads or filaments (Moser, 1996). In Hypsoblennius
spp., the responsibility for tending the nest resides with the male. Females spawn 3 to 4 times
over aperiod of several weeks (Stephens et a., 1970). Males guard the nest aggressively and
will often chase the female away, however, several females may occasionally spawn with a
single male (Stephens et a., 1970). The number of eggs afemale produces varies
proportionately with her size (Stephens et a., 1970). The smaller and shorter-lived H. jenkins
carries relatively more eggs per length than H. gilberti (Stephens et a., 1970). A female mussel
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blenny H. jenkinsi may carry 500 eggs in her first year and up to 2,900 eggs by her third year
(Stephens et d., 1970). Female rockpool blenny H. gilberti may produce from 600 to 3,200 eggs
per spawning (Love, 1996). Incubation time is temperature-dependent and eggs typically hatch
in 4 to 18 days (Love, 1996).

Larvae of all three species are pelagic and around 2.7 mm (0.11 in.) 2 days after hatching
(Stephens et a., 1970). The planktonic phase for Hypsoblennius spp. larvae may last for

3 months (Stephens et al., 1970; Love, 1996). Stephens et al. (1970) found that, although all
Hypsoblennius spp. larvae were the same size at hatching, larvae of the rockpool blenny

H. gilberti were larger at the time of settlement (18 to 21 mm [0.71 to 0.83 in.]) than either the
mussel blenny or bay blenny (12 to 14 mm [0.47 to 0.55 in.]). He assumed that the size
difference was the result of more rapid growth rather than alonger larval phase. The accelerated
growth rate of the rockpool blenny continued through the first post-larval year asindividuals
grew to atotal length of between 65 and 80 mm (2.6 to 3.1in.) (Stephens et al., 1970). Mussel
and bay blenny of the same age averaged 45 mm (1.8 in.) in total length (Stephens et al., 1970).

Rates of larval mortality were not available for blennids, but Brothers (1975) indicated that

99 percent larval mortality over two months is reasonable for three species of gobies that are
ecological analogsin similar habitats. Daily survival was estimated as (1-0.99)Y%° = 0.926%.
A growth rate of 0.2 mm **was estimated using the difference between transformation length
(Moser, 1996; 10 — 22 mm) and hatch length (Moser, 1996; 2.3 — 3.0 mm) and 75 daysto
settlement (Fitch and Lavenberg, 1975). It was assumed that the age at entrainment was
approximately midway to flexion. The growth rate was used to estimate the age of entrainment
as 7.8 days, i.e., one half age at flexion (flexion length minus hatch length divided by growth
rate). Survival to entrainment was then estimated as 0.926"% = 0.55.

Larval survival from entrainment to settlement (75 days) was estimated as 0.926 "~ "% = 0.0057.
Adult mortality was estimated from age groupings of three speciesin Stephens et a. (1970).
Exponential instantaneous mortality rates (Z) were calculated from these age groupings using the
relationship between log numbers at age In(N;) and age t:

In(NY)= -Zt+b

The average of the estimated instantaneous mortality rates (H. jenkinsi: Z=0.72; H. gilberti:
Z=0.57; H. gentilis: Z=0.64) was used to estimate annual adult survival of 0.525 yr™*. Using this
annual rate, the survival from settlement to age 3.67 year (average age used in fecundity
hindcasting) was estimated as 0.11.

Larval blennids are not difficult to distinguish from other larval fishes through a combination of

myomere counts, pigmentation patterns and their elongated form (Moser, 1996). The northern
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range of the bay blenny extends to Monterey Bay while the ranges of adult rockpool and mussel
blenny do not extend north of Point Conception, Santa Barbara County (Miller and Lea, 1972).
Larval Hypsoblennius spp. are not easily distinguished from each other. Because of the long
pelagic life phase of the genus, and the corresponding potential for long-range dispersd, it is
possible that larval rockpool and mussel blenny could occur in the Moss Landing/Elkhorn
Slough area as well as within entrainment samples. For this reason identifications of
Hypsoblennius spp. larvae were not made past the genus level. All Hypsoblennius larvae were
combined in the Hypsoblennius spp. category. For assessment purposes in Section 6, we assume
that the unidentified blennies in our samples are bay blenny.

4.8.2 Blennies Hypsoblennius spp. Results (1.9 percent)

Blennies comprised 1.9 percent of the total numbers of larval fishes collected in entrainment
surveys at the new CC units intake (Figure 4-1). They were not collected in the entrainment
surveys until April 29, 1999 and were present in every survey from May 13 through December 9,
1999 (Figure 4-26). Larva blennies were not collected in the entrainment surveys from
December 16, 1999 through February 17, 2000. They were collected in low concentrations
(1.6/1,000 m*) during the February 24, 2000 survey. Peak concentration (272/1,000 m®)
occurred on September 16, 1999. Concentrations were typically below 50/1,000 m® for most of
the time period sampled.
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Figure 4-26.. Mean survey concentrations (#/1,000 m®) of larval Hypsoblennius spp. at the Moss
Landing Power Plant new combined-cycle units intake: March 1999 through February 2000.
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The didl distributions were plotted for concentrations of larval blennies collected in front of the
new combined-cycle units intake from June 1999 through February 2000 (Figure 4-27). We
anayzed only the entrainment surveys that coincided with the source water surveys;, no larval
blennies were collected in the December 1999 and January 2000 entrainment surveys. The peak
diel concentration of blennies occurred at nighttime between 1830 and 0230 hours PST between
June and November 1999, except in August 1999 and February 2000, when the peak
concentrations occurred at 0659 and 1452 hours PST, respectively.

Blennies comprised 6.8 percent of the total larval fishes collected in the Elkhorn Slough area,
5.1 percent in the Moss Landing Harbor area, and 3.0 percent in the Ocean area from June 1999
through February 2000 (Figure 4-4). Larval blennies were collected in all surveys except
December 1999 and January 2000 (Figure 4-28). In October 1999, they were collected at all
stations except Ocean South. The highest concentrations occurred in June, July, and August
during low tide. The highest peak concentration occurred in August (503/1,000 m®) at the
Dairies station.

Larval blennies were not identified in the PG& E (1983) entrainment studies nor have they been
collected in other studies of Elkhorn Slough/Moss Landing Harbor (Nybakken et al., 1977;
Yoklavich et a., 1992). Since Monterey Bay is the northern most boundary of the
Hypsoblennius spp. range, it is possible that thisis a new species for this area.
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Note: These entrainment surveys were conducted coincidentally with source water surveys.

Figure 4-27. Concentrations (#/1,000 m®) larval Hypsoblennius spp. at the new combined-cycle units
intake separated by sample collection time (PST): June 1999 through February 2000.
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Hypsoblennius spp. Source Water Mean Concentration
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Figure 4-28. Source water concentrations (#/1,000 m°) of larval Hypsoblennius spp. at six stations near
Moss Landing Power Plant: June 1999 through February 2000.
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4.9 Longjaw Mudsucker

Photographer: Drew Talley

Wi ~, "t Range: From BgjiaMagdaena, Bgja Californiato
Tomales Bay, Cdifornia. In Arizona: the Salt River and
the lower Colorado River. Introduced into the Salton
Sea, Cdlifornia

LifeHistory: Size: up to 210 mm (8.25in.); Age at
maturity: one year; Fecundity: spawns two to three times
a season, 4,000 to 9,000 eggs; 8,000 to 27,000 eggs
(Barlow, 1961); Lifespan: two years.

Habitat: Tidal flats, shallow muddy waters.

Fishery: Commercia and recreational: bait-fish fishery.

L

Distribution Map for Longjaw Mudsucker

The longjaw mudsucker Gillichthys mirabilisis a medium to large goby species that commonly
inhabits bays, estuaries, tidal sloughs, and salt ponds along the Pacific coast of North America.
The native distribution of longjaw mudsuckers extends along the Pacific Coast from Bgjia
Magdalena, Bgja Californiato Tomales Bay, California (Love, 1996; Wang, 1986). They are
most abundant from San Francisco Bay south. An isolated population has been documented in
the upper reaches of the Gulf of California and an introduced population has also become well
established in the Salton Sea. The latter population is descended from 500 fish that were planted
by CDFG during November 1930 (Barlow and De Vlaming, 1972). Longjaw mudsucker have
also been reported in Arizona (Roosevelt Lake on the Salt River) and the lower Colorado River
where they are commonly used as bait (Fuller, 1999). The occurrence of longjaw mudsucker in
these systems is thought to have been derived from bait bucket releases (Fuller, 1999).
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Longjaw mudsucker are able to tolerate a wide range of environmental conditions. The species
are abundant on tidal flats and in shallow muddy backwaters (Love, 1996). They can livein
water with salinities ranging from two and a half times that of seawater to nearly freshwater, and
are able to withstand water temperatures as high as 35° C (95° F) (Love, 1996). Their preferred
temperature range is between 9° C and 23° C (48° F and 73° F) (De Vlaming, 1971; Love,
1996). Longjaw mudsucker are characterized as having bi-modal breathing capabilities (Moyle
and Cech, 1988). In addition to extracting oxygen from the water with their gills, mudsuckers
have the ability to absorb oxygen from air taken in (gulped) and held in their large and highly
vascularized buccal cavity (Moyle and Cech, 1988; Love, 1996). They aso have the ability to
undergo limited cutaneous respiration through their fins (Barlow, 1961). They can survive
extended periods of time out of the water and have been observed “walking” acrosstidal flats
from one pool of water or burrow to the next (Moyle and Cech, 1988; Todd, 1968). Mudsuckers
often retreat into holes and crab burrows when tidal flats are exposed during low tides (Love,
1996). It has been reported that longjaw mudsucker can live out of the water for 6 to 8 days, if
they are kept moist (Eschmeyer et al., 1983).

Longjaw mudsucker are olive-brown to dark brown in color with yellowish bellies (Miller and
Lea, 1972). Juveniles often have 8 dark bars down the length of their body and a dark blotch on
their first dorsal fin (Walker et a., 1961; Love, 1996). Longjaw mudsucker reach a maximum
size of about 210 mm (8.25in.). They are readily distinguished from other similar-looking
gobies by their disproportionately long upper jaw, which extends to near the margin of the gill
opening. Their pelvic finsfuse to form adisc (Walker et al., 1961).

The life span of longjaw mudsucker is about 2 years (Walker et al., 1961; Love ,1996). They
become sexually mature and may spawn in their first year, when they are 25 to 51 mm (1 to
2in.) long. Longjaw mudsucker are multiple spawners and have been documented spawning
2to 3timesayear (Walker et a., 1961; Wang, 1986). Spawning activity peaks in the spring but
may commence as early as November (in San Francisco and Tomales bays) and extends through
July (Barlow and De Vlaming, 1961; Wang, 1986; Love, 1996). The timing of spawning is
controlled by environmental cues such as seasonal changesin light and temperature (Moyle and
Cech, 1988). Females are oviparous and lay from 4,000 to 9,000 adhesive, club-shaped eggs
which are attached to the sides of the burrow with central stalks (Weisel, 1947). Barlow (1961)
reported longjaw mudsucker laying between 8,000 and 27,000 eggs. The eggs are guarded by
males during their 10 to 12 day incubation period (at 18° C [64° F]) (Weisdl, 1947; Wang, 1986).
Larvae are pelagic and 3to 4 mm (0.12t0 0.16 in.) TL at hatching (Wang, 1986). They occur at
all levels within the water column (Barlow, 1963; Wang, 1986). Because of heavy pigmentation
observed in post-larvae as small as 8 to 12 mm (0.31 to 0.47) TL, the pelagic larval phase of the
longjaw mudsucker is thought to be short in comparison to the pelagic phase of sympatric goby
larvae (Barlow, 1963). Depending on local hydrographic conditions, larvae can be dispersed
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over awide geographic area or remain relatively concentrated near their natal habitats. Larvae
settle out at 8 to 12 mm in length (0.31 to 0.47 in.) and begin to devel op dense pigmentation
(Wang, 1986).

The growth rate of young longjaw mudsucker is rapid but varies seasonally. Fitch and Lavenberg
(1975) provided a growth rate for the first year of life of 12.7 cm/year (5 in.; or 0.338 mm/day).
A 20 day larval duration was estimated based on a settlement size of 10 mm and hatch size of 3.5
mm (Wang 1986) using the growth rate of 0.338 mm d-1 calculated from 127 mm growth in the
first year (Fitch and Lavenberg, 1975). Larval mortality was assumed to be 99 percent over the
larval period. Larval lengths ranged from 2.7 to 4.7 mm (mean 3.86 mm) using the center 98
percent of measured lengths. Survival to entrainment was estimated using age 3.4 d, based on
growth from the smallest of the 98 percent interval to mean length, as (1-0.99)3.4/20 = 0.455.

Walker et al.(1961) found that the highest growth rates in the Salton Sea population occurred
during the hot summer months. By August the modal size of the sampled young-of-the-year
(YQY) population had reached a standard length (SL) of 60 to 80 mm (2.4 to 3.2 in.) (Walker et
a., 1961). Growth rates had slowed by December with the modal size of yearling goby ranging
from 80to 115 mm SL (3.2to 4.5in.) (Waker et a., 1961). Males were observed to grow
dightly faster than females (Walker et a., 1961). Longjaw mudsucker are carnivorous and
juveniles feed on a variety of invertebrates and occasionally on small fishes. Their diet includes
harpacticoids and other copepods, nematodes, and fly larvae of the Family Heliidae (Walker et
al., 1961; Wang, 1986). Much of their diet as adults is composed of crustaceans such as crabs
and ghost shrimp (Love, 1996). In the Salton Sea, the most important food of adult mudsucker
was the pile worm Neanthes spp., although they also consumed barnacles, a variety of insect
larvae, and an occasional Desert pupfish (Walker et a., 1961). Longjaw mudsucker are preyed
upon by avariety of birds and fishes.

Longjaw mudsucker are considered excellent bait and are used in a variety of recreational
fisheries. They are considered one of the best baits to use for corvina Cynoscion xanthulus in the
Salton Sea (Walker et a., 1961). Most mudsuckers used for bait are captured in cylindrical
minnow traps. A small commercial bait fishery exists for longjaw mudsucker in the San
Francisco Bay Estuary and Deltato supply the needs of striped bass fishermen. Annual landings
of longjaw mudsuckers, reported in the CDFG CMASTER database, are generally small.
Between 1987 and 1996, state-wide landings ranged from 10 pounds in 1994 to 557 poundsin
1987. No landings were reported in 1990 or 1991. Other sources have reported mean annual
catches for the live-bait industry to be around 14,000 pounds.
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4.9.1 Longjaw Mudsucker Gillichthys mirabilis Results (1.2 percent)

Longjaw 