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FOREWORD

The Southern California Bight 2003 Regional Monitoring Program (Bight '03) is part of an effort
to provide an integrated assessment of the Southern California Bight through cooperative
regionatlscale monitoring. Bight '03 is a continuation of regionaveys conducted in 1994

(SCBPP Steering Committee 1998) and 1998 (Bight '98 Steering Committee 2003), and
represents the joint efforts of 58 organizations. Bight '03 is organized into three technical
components: (1) Coastal Ecology; (2) Shoreline Micrllgy; and (3) Water Quality. This

report presents the results of the Demersal Fishes and Megabenthic Invertebrate portion of Bight
'03, which is part of the Coastal Ecology component. Other Coastal Ecology components include
sediment toxicology, sedimerntiemistry, and benthic macrofauna. Copies of this and other

Bight '03 guidance manuals, data, and reports are available for downi@aslatccwrp.org

The proper citation for this report is: Allen, M. J., T. Mikel Cadien, J. E. Kalman, E. T.

Jarvis, K. C. Schiff, D. W. Diehl, S. L. Moore, S. Walther,Bgets,C. Cash, S. Watts, D. J.
Pondella Il,V. RaceRands, C. Thomas, R. Gartman, L. Sabin, W. PpoveK. Groce, and J.

L. Armstrong. 2007. Southern Califoa Bight 2003 Regional Monitoring Program: IV.

Demersal Fishes and Megabenthic Invertebrates. Southern California Coastal Water Research
Project. Costa Mesa, CA.


http://www.sccwrp.org/
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EXECUTIVE SUMMARY

Demersal fishes and megabenthic melerates are found on the sbfittom habitat, the

predominant habitat of the mainland shelf, and hence are widely distributed on the southern
California shelf and slope. Populations of these sedentary fishes and invertebrates have been
monitored extensiely during the past three decades to assess impacts of treated wastewater
discharge to the shelf. During this period, inputs of many anthropogenic contaminants (e.qg.,
chlorinated hydrocarbons, trace metals) to the SCB decreased significantly, and dissletsge

of these contaminants are presently low. Nevertheless, historical deposits of contaminants in the
sediments may still affect populations of demersal fishes and invertebrates or organisms that feed
on them. While demersal fish and megabenthic iebeate populations in wastewater discharge
areas have been well studied during the pdsti8cades, less was known about their condition
throughout southern California. Early reference or regional studies were limited in scope or
based on compilations dhta from studies conducted independently in local areas.

The first synoptic regional survey of the demersal fauna of the mainland shelf of southern
California was conducted in 1994. This study provided baseline information on the relative
abundance ofish and invertebrate populations, distribution of their assemblages; the extent of
contamination in fish tissue (flatfish livers); and distribution of anthropogenic debris. It showed
that DDTs and PCBs were the primary contaminants found in fish tissuéhdiuevels had
decreased in reference areas since the 1970s. Similarly, fish anomalies associated with outfall
conditions had decreased in prevalence during this period. Fish and invertebrate assemblages
varied more by depth than by region, with gergrdistinct assemblages in three depthated
life zones (inner shelf, middle shelf, and outer shelf). Fish assemblages appeared relatively
healthy compared to the 1970s and invertebrate assemblages on the mainland shelf were
described for the first timeAlthough the study provided useful baseline information for the
fauna of the mainland shelf, bays, and islands were not sampled. It also identified a need to
assess effects with additional tools (e.g., wildligk thresholds, biointegrity indices).

In addition to surveying the mainland shelf of the SCB, the second synoptic regional
survey in 1998 surveyed the demersal fauna of bays and harbors and most of the islands of the
SCB. As in 1994, fish and invertebrate assemblages varied more by depth ttegioby but
distinct assemblages occurred in bays and harbors, and to some extent at the islands. Recently
developed biointegrity indices showed that fish and invertebrate assemblages were relatively
normal, and the prevalence of fish anomalies contitadae low. DDT was prevalent in fish
tissue throughout the SCB, with 70% of the area having sargldlbflatfishes with DDT
levels above wildliferisk screening values for birds and mammals. Some effects of the 1997
1998 El Nifio were apparent in fish andvertebrate populations and assemblages, with
invertebrate populations showing decreases in most population measures relative to 1994 (warm
regime) and 1951975 (generally cold regime). Many fish species were less widely distributed,
often shifting to éeper water. Anthropogenic debris was found to be most common in bays and
harbors, and at Santa Catalina Island, areas not assessed in 1994. Although the study expanded
the baseline description of the fauna to bays and islands, a baseline survey ovdisbbrates,
and debris on the upper slope was needed. In addition, although the study showed that flatfishes
with DDT above wildliferisk guidelines occurred in 70% area, there was a need to assess
contamination in pelagic fishes, which are more likelgsumed by birds and mammals.



The third synoptic survey was conducted in 2003 and is the subject of this report. This
survey collected trawl samples from 210 stations from Point Conception to thé&lékiso
Border at depths of-276 m from July to Octadr 2003. In addition to the mainland shelf, bays
and harbors, and Channel Islands sampled in 1998, this survey surveyed the demersal fish and
invertebrate fauna of the upper slope (B0O® m). This study included many of the same
assessments of the heatththe fauna for comparison to previous surveys. However, it included
a detailed study of ectoparasitism in fishes relative to POTW areas and an assessment of
bioaccumulation in pelagic forage fish and squid to better assess potential health risksdo seabi
and marine mammal predators. The following is a description of the most important findings of
this study.

Demersal fish and invertebrate populations and assemblages on the southern California shelf
were healthy in 2003 compared to conditions in thE0§9Biointegrity indices identified 96% of

the southern California shelf as reference (i.e., normal) for fish, 92% for fish and invertebrates
combined, and 84% for invertebrates. Nonreference (disrupted) assemblages occurred primarily
on the inner shelfrdbay/harbor areas, suggesting nearshore influences. Fish populations had
background levels of anomalies and parasites. The prevalence of fish diseases and anomalies had
decreased significantly from 5@9% from the 19702003 but increased slightly froth5-0.9%

between 1998 and 2003. There was no incidence of fin erosion, an important fish response to
contaminated sediments in the past. A detailed baseline study of fish ectoparasites conducted
regionally for the first time in the 2003 survey revealed yrfesh ectoparasites included

flatworms, leeches, and crustaceans, with copepods comprising 88% of the parasites. Prevalence
of ectoparasites on bigmouth sottifpoglossina stomajavere highest at large and small

POTW areas and on hornyhead turftie(ironichthys verticalisat small POTW areas. The

increase in prevalence of ectoparasites at small POTW areas may be due to the shallow depth
and higher water temperature of these sites.

DDT was prevalent in pelagic forage fish tissue in the Southern @adifBight. Contamination
above Canadian screening values protective of wildlife (seabirds and marine mammals)
consumers of fish was restricted primarily to DDT. Virtually none of the landings exceeded
screening values for PCBs. Tissue concentrations of Bre generally highest in the central
SCB, the location with the highest sediment concentrations. An estimated 99% of northern
anchovy Engraulis morday 86% of Pacific sardineSardinops saggx 33% of Pacific chub
mackerel $comber japonicys and 0% of California market squid LOligo opalescens
composites exceeded Canadian wildlife screening values for total DDT. Northern anchovy had
the greatest biomasgeighted mean concentrations (60 ng/g ww), followed by Pacific chub
mackerel (41 ng/g), Pacificagdine (34 ng/g), and California market squid (0.8 ng/g). The
Canadian wildliferisk screening values used in this study identify tissue concentrations of DDT
and PCB that may pose heattbk concerns to sensitive wildlife species. Although these
screenig values (based on responses of sensitive species) identify levels of potential concern,
they may or may not be pertinent to seabirds or marine mammals of concern in the SCB.
Additional study is necessary to determine what tissue concentrations in pefagefishes are
critical to local bird and mammal species of concern.



Anthropogenic debris (mostly plastic) was found in 25% of the southern California shelf. Debris
was most common in the central region outer and middle shePP@3W areas. The pernte

area of plastic debris, metal cans, and glass bottles have decreased since the 1994 regional survey
but fishing gear and other debris were highest in 2003.

Fish and invertebrate assemblages were generally associated with major depth zones on the shelf
and upper slope, with distinct assemblages also in bay and harbor areas. Assemblages in the
island region differed only slightly from those of the mainland region. Assemblages in San

Diego Bay (a natural embayment) differed from those in Los AngelesfBeagh Harbor (an

artificially enclosed area of the open coast) by having distinctive inner bay species. The fish and
invertebrate assemblages of the upper slope (deptb@Dn), a new stratum for the survey in

2003, had distinctive deepwater species@alfound at shallower depths, but low species

richness and abundance as is found on the inner shelf and bays.

Fish and invertebrate populations and assemblages have changed over time in response to the
prevailing ocean climate during the survey (19¢#m regime; 199&I Nifio; and 200%0ld

regime) and in an earlier (1972) calelime survey. Depth displacement patterns among
dominant fish foraging guild species were most similar in cold regimes (1972, 2003), less in
1994 (warm), and least in the 199BNfi0 period. Displacement patterns were identical in both
cold regime periods for the midshipman, sanddab, and combfish guilds, suggesting a
characteristic cold regime pattern for the guilds. During the 1998 EI Nifio period, important
community members i3 guilds expanded or shifted their distributions to deeper parts of the
shelf. For example, in the most widespread guilds, Pacific san@aalarichthys sordidus

shifted its range deeper in the sanddab guild and DoverMaeétomus pacificdsand

hornyhead turbot shifted deeper in the turbot guild. Both were replaced in shallow water by
more southerly species (longfin sanddakharichthys xanthostigmand spotted turbot,
Pleuronichthys ritteni respectively) during the 1998 El Nifio. Mean fisluatlance and species
richness per haul have increased with fish abundance in 2003 (cold regime) about two times
greater than in any of the previous surveys. In contrast, mean invertebrate abundance was highest
in 1994 (warm regime) but biomass was higheg003 (cold regime). These surveys have
demonstrated that characteristics of the fish communities (abundance, biomass, and depth
distribution of component species) vary by oceanic regime, with evidence that some fish
foraging guilds return to similar paths in at least one of these regimes (cold). The results
demonstrate that assessments of anthropogenic effects on demersal fish communities must
consider the oceanic regime of the assessment period to avoid confusing natural changes with
anthropogenic edfcts.

Vi
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|. INTRODUCTION

The Southern California Bight (SCB) extends from Point Conception,o@@hfto Cabo

Colnett, Baja California and is bounded seaward by the California Current (SCCWRP 1973). A
large eddy is formed in the SCB above where the California Current impinges on the coast of
Baja California (SCCWRP 1973; Dailey al. 1993). The subarine topography in the SCB

consists of a number of offshore islands and banks, and a narrow shelf and a number of offshore
islands and basins. Surface water temperatures are generally warmer in the SCB than north of
Point Conception or offshore in the @atnia Current. The diverse topography, bathymetry, and
substrates, and the juxtaposition of cdhperate and wartemperate waters result in a diverse
fauna of fishes and invertebrates.

Demersal fishes (fish species living on or near the seaflodrn@gabenthic invertebrates (large
invertebrate species living on the seafloor) are widely distributed on thlecdtiin habitat of

the southern California shelf. This fauna is diverse, consisting of more than 150 species of fish
(Allen 1982; Allenet al. 1998, 2002a; Allen 2006a) and several hundred species of invertebrates
(Moore and Mearns 1978; Allest al. 1998, 2002a). Most are relatively sedentary, easily

collected by trawl, respond to environmental stress, and are important indicators of human
impacts on the sofbottom habitat (Allen 2006b). Thus, populations of these organisms have

been monitored extensively since 1969 to assess impacts resulting from wastewater discharge on
the shelf.

Existing monitoring programs are focused near the outfalErge municipal wastewater
dischargers, also known as publicly owned treatment works (POTWS). These programs have
conducted surveys for many years, with results reported annually by various agencies (e.qg.,
CSDLAC 1990, 2006; CLAEMD 1994a,b; CSDMWWD 19955DOC 1996). These

monitoring programs are useful for assessing pgooirce impacts and historical trends near
specific outfalls (Stull 1995, CSDOC 1996, Stull and Tang 1996). Although these programs have
provided much information about the conditiordemersal fishes and megabenthic invertebrates
in local areas (e.g., Carlisle 1969a,b; SCCWRP 1973; Meamds1976; Allen 1977; Diehl

1992; Stull 1995; Stull and Tang 1996), less has been known about their spatial and temporal
variability and conditiothroughout the SCB until the past decade. Some early regional
assessments were made based on a compilation of trawl data collected at different times and
places and for varied purposes (Allen and Voglin 1976, Allen 1982, Thonepstri993a).

Others werdased on regional surveys of limited scope (generally focused in reference areas)
(Allen and Mearns 1977; Womt al.1977; Thompsoet al. 1987, 1993b). As a result, it had

been difficult to assess the Bighitde extent of contamination in these orgarssand the extent

of anthropogenic alterations in their populations and assemblages. A baseline survey of the
mainland shelf fauna of the SCB was needed to resolve this problem.

The first synoptic regional survey of the demersal fauna of the mainlandgkelithern
California was conducted in 1994 (Allest al. 1998). The purpose of this study was 1) to
describe baseline variability in fish and invertebrate populations attributes for the SCB,
geographic regions, bathymetric zones, and publicly ownetirtesd works (POTW) monitoring
areas; 2) to describe baseline assemblages of demersal fishes and megabenthic invertebrates; 3)
to assess the condition and extent of anthropogenic impact on fish and invertebrate populations



and assemblages in the SCB basedspatial extent and distribution of the following: a) tissue
contamination in flatfishes; b) health of fish and invertebrate populations; c) variation in
population attributes in POTW and rB®®TW areas; alterations in assemblages; d) indicators of
impaced fish and invertebrate populations; and g) anthropogenic debris. The study concluded
that 1) demersal fish and invertebrate populations and assemblages on the mainland shelf of
southern California in 1994 appeared to be relatively healthy, with notaplevements since

the early 1970s; 2) detectable DDT and PCB concentrations in flatfish livers were widely
distributed but detectable levels of other chlorinated hydrocarbons were not found; 3) fish and
invertebrate population attributes (i.e., abundahmanass, number of species, and diversity per
haul) were generally higher at POTW areas than inRPORW areas; 4) anthropogenic debris
(mostly bottles, cans, and fishing gear) was not widely distributed; debris was most common on
the outer shelf and POT\Wreas, suggesting that marine vessel activity and fishing activities
were primary sources; 5) the organization of fish and invertebrate assemblages was determined
primarily by depth (over the depth range sampled) rather than by geographical area ortsedimen
type. Recommendations were to 1) repeat demersal fish and megabenthic invertebrate surveys at
periodic intervals; 2) select a new set of species for assessing bioaccumulation; 3) analyze whole
fish rather than livers for bioaccumulation assessmeniym) themical analysis to DDT and

PCB in bioaccumulation assessment; 5) continue the Marine Monitoring Committee (which
developed the Field Manual for the survey) for improving sampling methodology and protocol;
6) continue fish index development; 7) inteig data from continuing POTW and other
monitoring programs with regional survey data for trends assessment; and 8) enhance the
nearshore, bay, and harbor component of the sampling program.

The second synoptic regional survey in 1998 surveyed therdaihfauna of bays and
harbors and most of the Channel Islands, in addition to surveying the mainland shelf of the SCB
(Allen et al. 2002a). The general purpose of the survey was to assess the spatial variability and
extent of human impact on demersal fishd megabenthic invertebrate populations on the
mainland shelf, bays, and islands of the SCB. Specific objectives were to 1) describe patterns in
fish and invertebrate attributes for the SCB, geographic regions (including islands), bathymetric
zones (inalding bays and harbors), and point sources of contaminants (large and small POTW
monitoring areas and river mouths); 2) describe assemblages of demersal fishes and megabenthic
invertebrates based on the expanded study area; 3) assess the condition @indfexte
anthropogenic impact on fish and invertebrate populations and assemblages in the SCB based on
the spatial extent and distribution of a) tissue contamination in flatfishes, b) health of fish and
invertebrate populations (anomalies and sublethal sjfec} status of population attributes in
potentially impacted and reference areas, d) assemblage biointegrity and organization, and e)
debris. The study concluded that 1) demersal fish and invertebrate populations and assemblages
on the southern Califoraishelf were healthy in 1998; 2) DDT was prevalent in fish tissue on the
southern California shelf; 3) fish and invertebrate assemblages were generally associated with
major bathymetric zones on the shelf, with distinct assemblages also in bay and tea$go4)a
anthropogenic debris (mostly plastic, metal, and cans) was found in 23% of the southern
California shelf, being most common in areas frequented by boats (e.g., ports, marinas, and Santa
Catalina Island); and 5) some effects of the 19998 El Nifos were apparent in fish and
invertebrate populations and assemblages. Recommendations were to 1) determine the spatial
extent of DDT above a predatosk guideline in pelagic forage fishes; 2) define the route of
DDT transport to sanddatuild fishes inthe Channel Islands National Marine Sanctuary; 3)



apply the Fish Response Index to assess the biointegrity of demersal fish assemblages in other
southern California monitoring surveys; 4) assess the regional extent of sublethal effects in
southern Califoria fishes; and 5) conduct periodic regional surveys of southern California
demersal fishes and invertebrates to assess trends in human effects, populations, and baseline
communities.

A third synoptic regional survey of the SCB was conducted in 2003es¢udts of which
are presented herein. The Southern California Bight 2003 Regional Monitoring Program (Bight
'03) involved 58 member organizatiof&chiff et al. 2006). It was organized into three technical
components: 1) Coastal Ecology, 2) Shoreline bhaslogy, and 3) Water Quality. The Coastal
Ecology component comprised three studies: a) Toxicology; b) Sediment Chemistry; c) Benthic
Infauna; and d) Demersal Fishes and Megabenthic Invertebrates.

Eleven organizations participated in the B'03 regitmaaVl survey. In this study, the area

extended in depth from500 m, and included the mainland shelf (as in 1994 and 1998), Channel
Islands and Bays and Harbors (as in 1998), and Upper Slop&@R0D depth), a new stratum.

The Upper Slope zone waddedto address concerns that contaminant effects may extend
deeper than 200 m. The objectives were the following:

1) to assess condition and health of fish and invertebrate assemblages of southern
California bays and harbors, shelf, and upper slope;

2) to assess extent of contamination of concern in pelagic forage fishes and squid in the
SCB;

3) to assess prevalence of ectoparasites in demersal fishes on middle shelf relative to
POTW and reference areas;

4) to assess distribution of marine debris inddhgrbors and on the mainland shelf and
upper slope;

5) to compare changes in fish and invertebrate populations and assemblages, anomalies,
contaminant levels, and debris among the three regional surveys.

This report is organized into 13 major sectidh$ntroduction; 1) Methods; I1l) Quality

Assurance; IV) Demersal Fish Populations; V) Megabenthic Invertebrate Populations; VI)
Assemblages and Biointegrity; VII) Ectoparasites of Demersal Fishes; VIII) Bioaccumulation;
IX) Debris; X) Discussion; XI) Coclusions; XII) Recommendations; and XIll) Literature Cited.
The Introduction provides the background of the study, problems addressed, and study
objectives. Methods describes field, laboratory, and analytical methods. Quality Assurance
describes the lodigal success of the survey and results of quality assurance protocol and quality
control audits. The next six sections (Demersal Fish Populations through Debris) provide the
results of the study. Each of these sections will internally include a shoduntion, a

description of 2003 survey results and a discussion of these results (including a comparison to
the 1994 and 1998 surveys, if appropriate). The first three sections provide descriptions (some
baseline) of populations and assemblages, and asseissof differences between potentially



impacted (e.g., river mouths, POTW areas, ports) and reference areas. Demersal Fish Populations
and Megabenthic Invertebrate Populations provide results for population attributes, species
composition, population stcture, and anomalies for fish and invertebrates. Assemblages and
Biointegrity describes assemblages (recurrent groups, site and species clades, site and species
clusters, multidimensional scaling) for fishes, invertebrates, and combined fishes and
invertebrates; describes the functional organization of fish communities; and assesses the
assemblage biointegrity. Ectoparasites of Demersal Fishes provides the first detailed assessment
of ectoparasites of demersal fishes on the SCB shelfpaoasite and pasitehost

relationships; and the relative prevalence of fish parasitism at POTW and reference areas. The
Bioaccumulation section assesses the extent of pelagic forage fish and squid contamination
relative to wildliferisk screening values. The Debris tsat describes the extent of

anthropogenic debris in the study area. The Discussion section, Conclusions, Recommendations,
and Literature Cited follow these sections. Appendices A through E provide additional data, and
Appendix F provides a glossary defigithe terms used in this document and alphabetical lists of
fish and invertebrate species collected in this study by common name and scientific name is
found at the end of this document.



. METHODS

Sampling Design
Probability-based design

As in previous regional trawl surveys of the SCB (Allehal. 1998, 2002a), the Bight '03
regional trawl survey was based on a stratified random sampling design detailed in Stevens
(1997) and Bight '03 Coastal Ecology Committee (2003a). In summary, stratificatisrsted
of identification of strata or subpopulations of interest. A sufficient number of sampling sites
were allocated to each stratum to provide adequate precision. In general, 30 sites would yield a
90% confidence interval of10% around estimates @real extent (assuming a binomial
probability distribution and p=0.2). Randomization of sites includes a systematic component to
minimize clustering of sample sites. A tessellated hexagonal grid was randomly placed over a
subpopulation map and hexagonsreveandomly chosen. A randomly selected site coordinate
was obtained from each selected grid cell. If intensification of sampling in a stratum was desired,
the size of the hexagons was reduced. Avemhting factors were associated with the size
structureof each hexagonal grid used in a subpopulation. Additional randomization details are
found in Bight '03 Coastal Ecology Committee (2003a).

Subpopulations

Subpopulations were defined for region, shelf zone/habitat, and human influence categories
(Figure 1F1). The following subpopulation categories were defined within this area:

e Regions’ Mainland Shelf (Point Conception to United Staltésxico international border)
and Island Shelf (San Miguel Island, Santa Rosa Island, Santa Cruz Island, Astoapha |
and Santa Barbara Island). The mainland shelf was divided into three subregions: northern
(Point Conception to Point Dume), central (Point Dume to Dana Point), and southern (Dana
Point to United Statellexico International Border)

¢ Shelf (Depth) Zoasi Bays/Harbors (80 m); Inner Shelf (80 m); Middle Shelf (34120
m); Outer Shelf (122200 m); and Upper Slope (2@D0 m)

e Human Influence Areaslarge POTW; small POTW; and n&#OTW areas

The northern, central, and southern mainland subregioriBeasame in this study as in the

1994 and 1998 regional trawl surveys (Allgral. 1998, 2002a) The island region is the same as
in the 1998 regional survey (Allezt al.2002a) except that Santa Catalina Island was not
included in 2003. Although Bighd3 Coastal Ecology Committee (2003a), did not divide the
Channel Islands into subregions, the present report analyzes data separately for two Channel
Island subregions: cotdater (Northwest Channel Islands) and wamater islands (Southeast
Channel Islads). This was done to assess the-emld warmwater fauna of the islands, as was
done in 1998 (Alleret al.2002a).
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Figure II-1. Distribution of subpopulations (regions, shelf zones, and human influence areas) sampled by
trawl in the Southern California Bight 2003 Regional Survey, July-October 2003.

The shelf zones are bathymetric life zone divisions of the continental shelf and slope along the
west coast of North America (Allen and Smith 1988, Allen 2006a). The inner, middle, and outer
shelf zons were sampled in the 1994 and 1998 regional surveys (&lah1998, 2002a) as

well as in the 2003 survey. The depth ranges of these shelf life zone divisions have been slightly
modified from Allen (1982), Allen and Smith (1988), and Alktral. (1998. Depth ranges of

the inner, middle, and outer shelf zones, respectively, weds 10, 26100 m, and 10200 m

in 1994 but were80 m, 31120 m, and 122200 m in 1998 and 2003. Bays and harbors were
added to the shelf zone/habitat subpopulations in 2888003; this subpopulation overlaps in
depth with the inner shelf zone of the coast. In 2003 the upper (or mesobenthal) slope zone (200
500 m; Allen and Smith 1988, Allen 2006a) was added to the bathymetric subpopulations.
Although the Islands Region waiot divided into bathymetric subpopulations by the Bight '03
Coastal Ecology Committee (2003), the present report analyzed data from middle shelf, outer
shelf, and upper slope zones for the islands separately. The island inner shelf zone was not
included in the 2003 survey due to poor trawling success there in 1998.

Of the human influence subpopulations, the Large POTW areas delineate the monitoring areas
around ocean outfalls of the four large POTWs (i.e., City of Los Angeles, Hyperion Treatment
Plant County Sanitation Districts of Los Angeles, Joint Water Pollution Control Plant; County
Sanitation Districts of Orange County; and City of San Diego, Point Loma Wastewater
Treatment Facility). The largest POTWs discharge at depths of 60 m near LossAiSgal@a



Monica Bay, Palos Verdes Shelf, San Pedro Bay) or 100 m off San Diego. Nine small POTW
outfall areas were sampled: Goleta; Santa Barbara; Oxnard; Terminal Island; Aliso; South East
Regional Reclamation Authority (SERRA); Oceanside; Encina; an&Egarwastewater

treatment facilities. Discharge depths of these outfalls were generally about 30-RONU

areas were designated as those areas of a shelf zone that lay outside of the POTW areas.

Eight fieldsampling organizations participated insthsurvey. Two hundred fiftfive
sampling sites were originally distributed to these organizations based on resources available and
the contribution of irkind services. The distributed station list included a 10% overdraw in the
offshore areas and 20%ftime inshore areas. The overdraw sites were in recognition that agencies
may not sample all the randomly selected sites because of improper substrate type, depth
restrictions, or dredging activities. Additional gelected sampling sites were availabledach
stratum if excess #survey abandonment affected the statistical power.

Field Sampling
Sample Collection and Processing for Assemblage and Debris Studies

Trawling

Fish and invertebrate samples for population and assemblage analysis were dobieciid
trawl stations from Point Conception, California to the United Sfsies€co international
border, and around the Channel Islands between July 14 and October 13, 2003 (Rigure I
Station coordinates, depths, and other characteristics prdeidedch sample are given in
Appendix AAL. The subpopulation classification of each station is provided in ApperdiX. A

Trawl samples were collected according to standard methods described in a field manual written
for the survey (Bight '03 Field Sahmmg & Logistics Committee 2003). Stations were located by
differential global positioning system (DGPS). If a site could not be trawled or was too deep,
stations could be moved up to 100 m from the nominal location (not to exceed 10% of the
nominal site épth). Due to expected untrawlable bottom at some island sites, island stations
could be moved up 200 m from the nominal locations. Samples were collected with 7.6 m head
rope semballoon otter trawls with a 1.28m codend mesh. Trawls were towed aldegbaths

for 10 min (510 min in bays and harbors) at .® m/sec (1.2 kn) as determined by DGPS.

These tows covered an estimated distance o6800m for 5 and 10 min trawls, respectively.

Agencies assigned with upper slope (BID m) stationsised pressuremperature sensors,

attached to one of the otter trawl boards, to validate bottom time duration. Stations with bottom
times less than 8 min or greater than 15 min were repeated. Since little information was available
for upper slope habitatall trawls were processed but only acceptable trawls were documented

in the report.
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Figure 11-2. Population and assemblage study stations sampled by trawl on the southern California shelf at
depths of 2-476 m in the Southern California Bight 2003 Regional Survey, July-October 2003.

Processing the Fish and Invertebrate Catch

All fish and megabenthic invertebrates from assemblage trawls were identified and processed.
Megabenthic invertebrates were defined as epibenthic species with a minimumiaineéris

cm; specimens less then 1 cm were excluded from the analysis. Other invertebrates excluded
were pelagic, infauna, or small species that are better sampled by other methods. Infaunal,
pelagic, and colonial species, as well as unattached fiskitgarée.g., leeches, cymothoid
isopods), were noted but not processed.

Fish and invertebrates were identified to species, individuals were counted, and species were
weighed to the nearest 0.1 kg (using spring scales). Lengths of individual fish wereedda
centimeter size class on measuring boards; total length (TL) was measured for cartilaginous
fishes and board (or maximum) standard length (SL) was measured for bony fishes. Each
organism was also examined for external anomalies. Targeted fislalgg®imcluded fin

erosion, tumors, external parasites, ambicoloration, albinism, diffuse pigmentation, skeletal
deformities, and lesions. Targeted invertebrate anomalies included burnspot disease and external
parasites.

Voucher specimens, incompletetientified fish and invertebrate specimens, and those with
diseases that required further examination were returned to the laboratory. Depending on



specimen size, animals were either fixed in the field with 10% buffered forsedinater
solution, frozenpr photographed and returned to the laboratory for further identification or
vouchering.

Processing Debris

Debris collected in a trawl was classified into 11 type categories: rocks, terrestrial vegetation,
marine vegetation, lumber, plastic, metal dgbrans, glass bottles, fishing gear, tires, and

Aot hero anthropogenic debris. The amount of
and weight classes. Abundance classes were Present (1 item),-L6vtéehs), Moderate (11

100 items), and Hig(>100 items). Weight classes included Trace (<0.1 kg), Low {$@ kg),
Moderate (1.410.0 kg), and High (>10.0 kg).

Collection of Fish Samples for Fish Ectoparasite Study

Fishes for the fish ectoparasite study conducted by Dr. J. E. Kalman (UCLAyolected in
POTW on the mainland shelf and NBOTW areas on the mainland shelf and northern Channel
Islands from Point Conception, California, to the United Stitexsico International Border

during the Bight '03 regional trawl survey in J@¢tober 203 (Kalman 2006). Samples were
collected by otter trawl at 79 stations at2?28 m (Figure H3). Of these, 68 stations were B'03
stations and 11 were part of perretjuired monitoring programs at three large POTW
(Hyperion Treatment Plant, Orange Cou8gnitation District, Point Loma Wastewater
Treatment Plant) and two small POTW (Oceanside and San Elijo) outfall and/or reference
stations.

Fishes representing Scorpaeniformes (Scorpaenidae, Hexagrammidae, and Cottidae) and
Pleuronectiformes (Paralichtioae, Pleuronectidae, and Cynoglossidae) captured on the middle
shelf were selected for the study. Immediately after the catch was brought on board, the fishes
were separated into buckets by species. All conspecifics from the same haul were placed in a
plastic bag and kept on ice in a cooler and subsequently frozen for a later examination in the
laboratory.



Figure 11-3. Distribution of 79 fish ectoparasite study stations sampled by otter trawl at depths of 22-198 m in
the Southern California Bight, July-October 2003.

Collection of Fish and Squid Samples for Bioaccumulation in Pelagic Forage Fish Study
General Approach

Pelagic forage fish and squid field composite samples were collected from January to
February 2003 and JuB003 to February 2004. Due to the patchy spatial distribution of pelagic
forage fishes species within the SCB, fish and squid composite samples were randomly collected
at several local commercial fishing ports along the southern California coast in raptétie
guantify contaminant concentrations in pelagic forage fishes found within the northern, central,
southern, and island regions of the SCB. Composite samples were collected from both
commercial landing markets and bait receivers along the southeifordal coast from the
following locations listed from north to south: Ventura Harbor, Port Hueneme, Marina Del Rey,
King Harbor, Los Angeles/Long Beach (LA/LB) Harbor, Newport Harbor, Oceanside, and San
Diego. Fishing location was determined from landiegeipts or directly from fishing captain or
bait receiver tender. Fishing location was typically provided as a California Department of Fish
and Game (CDFG) fishing block, a number identifying a 10 mi x 10 mi (16 x 16 km) block
encompassing a 100 T{260km?) square area within the SCB. Block numbers were designated
for fishing location when only a geographic landmark was provided.

10



