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Ocean-dependent activities
contribute $9 billion to
Southern California coastal
communities

Less than 5% of the SCB is
routinely monitored.

INTRODUCTION

The Southern CaliforniaBight (SCB) isavaluable natural resource that
contributesto thelocal economiesof the region and enhancesthequality
of lifefor thosewhowork in, livein or visit thearea. Human uses of the
coastline and ocean waters of the Bight include recreation, tourism, aes-
thetic enjoyment, sport and commercid fishing, coastal devel opment, and
industry. Ocean-dependent activities contribute approximately $9 billion
to the economies of coastal communities surrounding the SCB and sup-
port over 175,000 jobs.

The area bordering the SCB is also home to nearly 20 million people,
making it oneof themost densdly populated shorelinesinthe United States.
With the exception of two small

areas (north of SantaBarbaraand
near Camp Pendleton), theentire
California portion of the SCB
shoreline has been subject to de-
velopment, waste discharge, or
other formsof resource utilization.
These activities have resulted in
extensvehabitat changeandlarge,
varied inputs of contaminants.
These changes contribute to con-
cernsabout current and potential
impactson thenatural resourcesof
the SCB.

To addressthese concerns, more
than $10 millionis spent annudly
monitoring southern California's
coastal water quality. Yet some
basi c questions about the ocean’'s
condition, such astheleve of im-
pact on fisheries and how many

What isthe Southern California
Bight?

A bight is defined as a bend in the
coastline, and the Southern
California Bight is the 300 km of
recessed coastline between Point
Conception in Santa Barbara
County and Cabo Colnett, south
of Ensenada, Mexico. The
dramatic change in the angle of
the coastline creates a large
backwater eddy in which eguato-
rial waters flow north nearshore
and subarctic waters flow south
offshore. Thisunique oceano-
graphic circulation pattern
creates a biological transition
zone between warm and cold
waters that contains approxi-
mately 500 marine fish species and
more than 5,000 invertebrate

SPECcies.

acres of ocean bottom areimpaired, cannot be answered. The principa
limitation isthat lessthan 5% of the areain the SCB isroutinely monitored.
Moreover, the parameters measured, aswell asthefrequency and meth-
odology by which they are measured, typicaly differ among monitoring
programsthroughout the SCB. Theselimitationsreflect the predominant
association of monitoring in southern Californiawith discharge permit re-
quirementsthat arefocused on site-specific, sngle-sourceissues. While
these programs generally collect high quality data, they are not designed
to describe changesthat occur on regional scalesor to assesscumulative
impactsfrom multiple sources.



The SCBPP was a coop-
erative effort of 12 public
agencies, with coordina-
tion of sampling and
analysis among 6 research
vessels, 7 chemistry
laboratories, and 4 biology
laboratories.

Recognizing the need for integrated assessment of the southern Cdifornia
coastal ocean, 12 government organizations, including the 4 largest mu-
nicipa wastewater dischargersand the 5 agenciesregulating dischargesin
southern California, collaborated to conduct acomprehensiveregiona
monitoring survey in 1994. Calledthe Souther n Califor niaBight Pilot
Project (SCBPP), the survey’ sprimary objective wasto assessthe spa
tia extent and magnitude of ecological disturbanceson themainland con-
tinenta shelf of the SCB and to describerel ative conditionsamong differ-
ent regions of the SCB.

The SCBPP sampled 261 sites in the SCB between July and August,
1994. Sampling steswerelimited to themainland continental shelf (10to
200 meterswater depth) inthe U.S. portion of the SCB (Figure 1) and
were selected randomly to ensure that they were representative of condi-
tionsinthestudy area. Ateachdte,
aseriesof indicatorswas selected Methods Standardization

to addressthree mgjor attributes of An important feature of the SCBPP

N was methods standardization to
concern to scientists, managers, ensure that data collected by the

andthepublic: 1) theextent of pol- || muitiple participating organiza-
lutant exposure, or theconditionof || tionswere comparable. Thiswas
the physica and chemicd environ- accomplished in three ways. First,
mentinwhichbiotalive 2) thesta- milz:jﬁzf Z"} if;‘zt*r‘ggi g(‘;”;i'ﬁu "
tu§ of biological resources, or the a quality assurance manual, and ’
existence of healthy, diverse, and || an information management
sugtainablebiologicd communities, || manual; all of these are publicly
and 3) the presence of marine de- available and have been adopted
bris, which addresses concerns || for use beyond the SCBPP by many

. " organizations in southern Califor-
about aesthetic conditions. nia. Second, quality assurance

_ officerstoured each vessel and
Theresultsof the SCBPPprovide || laboratory to ensure that the

a“snagpshot” of conditionsthrough- || documented practices were being
out the SCB in 1994. Asapilot followed. Third, we conducted

: . . intercalibration exercises in which
study, this project established the the same samples were analyzed by

feasibility of cooperativeregiona || each laboratory: the results of
monitoring in southern California || these intercalibrations can be

and dsoidentified someof thelimi- || found in the associated technical
tationsof interpreting environmen- || FePOrts.
tal monitoring data.

Volumel, Executive Summary, providesan overview of thefindingsfrom
the SCBPP and isintended for environmental managers and the generd
public. VolumeslI-V1 of thisreport, which areintended for ascientific
audience, provide supporting detailsfor the conclusions presented in this
summary. All volumeswill be available electronically viathe Internet
(http:/Aww.scowrp.org); printed copies can be obtained at anominal cost
by contacting the Southern California Coastal Water Research Project
(714-894-2222).
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Contaminants accumulate
in sediments which provide
an important route of
exposure for marine life.

Contaminants were found
in 89% of the SCB sedi-
ments.

POLLUTANT EXPOSURE

Humansintroduce contaminantsinto the ocean through various sources,
includingindustrial and sawage outfdls, sormwater runoff, overboard dis-
posal from boats, and atmospheric deposition. Oncein the ocean, these
materiasmay affect water quality or settleto the seafloor and affect the
quality of themud inwhich many important marinefood web organisms
live. Alternatively, introduced contaminants may flow out of the SCB
through ocean circul ation, be degraded by organisms, or bediluted below
levelsof concern. Pollutant exposureindicators measurethefate of intro-
duced materia sand the extent to which these material saffect the natural
physical and chemica environment. Two typesof pollutant exposureindi-
cators, sediment quality and water quality, were measured in the SCBPP,

Sediments, or the mud and sand of the ocean bottom, were selected for
study because many introduced contaminants bind to particlesthat even-
tually sink to the seafloor. Sediments also provide a habitat for many
organismsthat areimportant membersof ocean food chains, such asworms
and clams. Humans can affect these organisms by adding pollutant expo-
sureor by dtering their physicd habitat, such asthesizeof particlesinthe
sediment.

The sediment quality portion of the SCBPP studied the physical (grain
size) and chemical characteristics of bottom sediments. Sampleswere
collected using a0.1 m? Van Veen grab sampler. Chemical characteriza
tionsincluded organic matter (total organic carbon, or TOC), individud
metals, pesticides, PCBsand petroleum-rel ated hydrocarbons (PAHS).

Sediment grainsizevaried widdly
throughout the SCB. Samples
ranged from very coarse (all sand

Metal Enrichment
One of the challenges of assessing

and gravel) tovery finegrained (dl
mud). The muddiest sediments
werefound in the deepest waters.
Sediments became increasingly
coarse aswater depth decreased;
and sandy sediments dominated
inshore zones, wherewave action
limitsthe deposition of fine mate-
rid. Overdl, theaveragemud con-
tent for SCB sedimentswas 42%.

Chemicals introduced by human
activitieswere present in 89% of
the SCB. ThepesticideDDT was

the magnitude of sediment contami-
nation is differentiating metals that
occur naturally in the earth’s crust
fromthose that are added from
human activities. Thisdifferentia-
tion was accomplished by normaliz-
ing metal concentrations to iron,
which acts as a tracer of naturally
occurring metal concentrations.
Iron isan effective tracer because it
naturally occurs at high concentra-
tions that usually far exceed the
effect of human influence. Details
about these normalization relation-
ships are presented in Volume I11 of
this report.




A remnant of historical

discharges, DDT was the
most prevalent contami-
nant found in sediments.

Contaminants exceeded
biological effect screening
levels in 12% of the SCB
sediments.

Contaminant Enrichment
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Figure 2. Percent of the SCB with elevated
organic or metal contaminants in sediments.

the most widespread contaminant; it was found in 82% of the SCB sedi-
ments (Figure 2). Thehighest concentrationsof DDT werelocated onthe
PdosVerdes Shdlf. A stablecompound, DDT degradesvery dowly inthe
marine environment. Most of theDDT found in the SCB istheresult of
largehigtorical discharges, theuseof DDT wasbannedin 1972 and present
dischargesare usualy undetectable.

Elevated levelsof PCB and trace metalswerefound in approximately half
of the SCB sediments. The highest sediment metal concentrationswere
typicdly foundinfinegrained sedi-
mentsfrom |locationswhereinputs
of these congtituentswere highest,
such as SantaMonicaBay.

Sediment Quality Guidelines
Sediment quality criteria for
contaminants are being developed
by the United States Environmen-
Two screening level thresholdsde- tal Protection Agency (EPA), but
veloped by the National Oceanic || aenot yet available. The ERL
and Atmospheric Administration || 219 ERM guidelines developed by

NOAA were used in the SCBPP as
(NOAA) wereusedto assessthe || ooy eeni ng level thresholds to

potential biological effectsfrom || jdentify areas of potential biologi-
sediment contamination: Effects cal effect. The ERM representsthe
Range Low (ERL) and Effects foncemtflation of :t ;?m?trr?i ”g\?t

H : . reqguently assocl WIth aaverse
RengeMedian (ERM). Bidogical || (el SUE P |aboratory
impactsarenot expected a sedi- || gygies. The SCBPP data were
ment contaminant concentrations || also evaluated using other
below theERL. Contaminant val- threshold values, the results were
uesabovethe ERM are expected %f]“i '(;ﬂ“tzgd appeaﬁ ti_” V‘f" Umﬁ;r']' L.

: H . e datapase resuiting rromthe
to have some biological impact. || gians ™ P tgreev uste
The ERM was exceeded in 12% sediment contamination levels
of the SCB (Figure 3), withmost || when the Federal criteria are
exceedencesresultingfromDDT || issued.

contamination. Approximately
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Contaminant levels in the
SCB were similar to those
in other areas of the
country.

Contaminant Thresholds
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Figure 3. Percent of SCB area exceeding NOAA
guidelines (ERM) for biological effects.

55% of the SCB had contaminant concentrations between the ERL and
ERM, arangewherethe potential for biological effectsare uncertain.

Sediment contaminant levelsin the SCB were similar to those observed
nationwidein NOAA's National Statusand Trends (NS&T) Program.
Exceptionsincluded antimony, PCB, and PAH, which werelower inthe
SCB; and cadmium, slver, and DDT which werehigher inthe SCB. The
NS& T database includes offshore areas similar to those sampled in the
SCBPP, aswell asharborsand estuaries.

Water quality isimportant to the health of both water column and bot-
tom-dwelling organisms. Some characteristics, such asdissolved oxygen
and water clarity, are of fundamental importanceto the health of marine
life. TheCdiforniaOcean Plan, developed by the State \Water Resources
Control Board, has established objectivesfor these parametersin areas
recalving wastedischarge. Other water column parameters, such astem-
peratureand sdinity, provideinfor-
mation about circul ation patterns
within the SCB; thesefactorscan
a soinfluence organismsand con-
taminant fate.

The water quality survey for the
SCBPP utilized dectronicprofilers
to measure temperature, salinity,
dissolved oxygen, and light trans-
mittance. Themost important fac-
tor affecting surface water prop-
erties was latitude; the northern
portion of the SCB was colder,
lesssdline, and higher in dissolved
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More than 99% percent of
the SCB met the California
Ocean Plan objectives for
dissolved oxygen and
water clarity

oxygen than the southern portion. Water Quality Objectives
Depthwasthemost important fac- The California Ocean Plan

tor influencing bottomwater prop- || provides water quality objectives
erties. Temperatureanddissolved || for areas receiving waste dis-
oxygen concentrationsdecreased || charge. The objectives for water
and salinity increased with water ;'O z::'.tf{/ ZI”I% v%' affifg,.%?gfg o
dePth- .Near-bottom Wat(?r prop- "background" conditions (no
ertiesdid not vary with latitude. significant reduction in natural
light, no more than 10% reduction
Water quality wasgood through- || in oxygen). Comparison of SCBPP
out the SCB. Almost al of the f'ata tﬁalﬂl‘ese Obj(‘j‘ii‘@p_rese”ted
WO Cl enges. erminin
su_rfacewaterswereful ly seturated backgroundgcondi tions ancglJ
with oxygen and morethan 99% || gisi nguishing between changes
of the SCB met CaliforniaOcean || due to waste discharge or other
Plan water quality objectivesfor || events, including natural fluctua-
dissolved oxygen and water clar- tions. The technical approgches
. . . used to make these comparisons
't_y' The measured reducti OQS In aredescribedin volumepll of this
dissolved oxygen were slight report.
(maximum 14% deviation from
background conditions). Areasof
reduced water clarity were mostly located in shallow water, and probably
resulted from the natural resuspension of bottom sediments.

The status of biological
resources was assessed
using studies of bottom-
dwelling organisms.

BIOLOGICAL RESOURCES

While pollutant exposure provides ameasure of human influenceonthe
marineenvironment, it istheeffect of thisexposureon biologica resources
that determinesthe significance of theinfluence, and providesthethresn-
old upon which most management decisionshinge. Theeffectsof expo-
surewere assessed in thisstudy using threeindicators: onethat measured
the condition of bottom-dwelling (benthic) invertebrate communities col-
lected at the Site; one that measured the response of benthic animals ex-
posed under |aboratory conditionsto sediment from asite (toxicity test-
ing); and athird that measured the status of bottom-dwelling fish popula-
tions.

Benthicinfauna areworms, clams, and other non-fishanimasthat livein
the sediments; these animals have many characteristicsthat make them
useful indicatorsof environmenta quality. Becausebenthicinfaunalivein
and often feed upon sediment, they are exposed to sediment contamina-
tion and arelikely to be affected by toxic chemicals. Studiesaround the
world have shown that benthic infaunaare sengtiveindicators of environ-
mental conditions. They are aso good integrators of habitat conditions
becausethey arerdaivey long-lived (severd years) and usudly remainin
oneplacethroughout their lives.



Ninety-one percent of the
SCB had communities of
bottom-dwelling animals
typical of reference areas.

Sediment grab sampleswere col-
lected for analysisof benthicinfau-
na community compaosition. Indi-
viduals of each species were
counted and the weights of mgjor
groupswere measured. An aver-
age of 85 specieswere present at
each gation. Approximately 50%
of the organisms were annelid
worms; 19, 13, and 10% were
arthropods, brittlestars, and mol-

lusks, respectively.

Community composition varied
throughout the SCB, primarily in
responseto different habitat char-
acteristics. Variations in water
depth and sediment grain size had
themogt Sgnificant effectson com-
munity composition. Ninety-one
percent of the SCB contained
benthicinfaund communitiessmi-
lar to reference areas (locations
withinthe SCB havingminima hu-
man influence). Deviationsfrom
referenceintheremaining 9% were

Benthic Response I ndex (BRI)
Benthic animals are good, but
complex, indicators, with more
than 1500 species occurring in the
SCB. These data were interpreted
using a newly developed index that
combines individual species data
into a single value indicating
similarity of the assemblage to
reference conditions. The magni-
tude of the BRI also indicates
severity of deviation fromrefer-
ence, ranging from slight changes
toloss of major species groups.
However, the BRI does not identify
the cause of the alteration, which
may be natural or man-made.
Index development is consistent
with EPA directives to incorporate
biological criteria into assess-
ments of ecological condition, but
thisindexisnewtothe SCB. A
description of how the index was
devel oped, the means that were
used in its validation and plans for
its continued refinement are
presented in \Volume 1V of this
report.

minor, representing small shiftsin species composition (Figure4). Only
2% of the area of the SCB showed alossin biodiversity. Most of the

Benthic Infaunal Communities
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Figure 4. Percent of SCB containing reference or altered
communities of bottom-dwelling invertebrates.



Sediment toxicity was not
detected in any of the
samples.

stationswith altered community composition werelocated in the Santa
Barbara Channdl, near the mouths of the SantaClaraand VenturaRivers,
in Santa MonicaBay, and on the Palos Verdes Shelf. Alterationswere
alsofound at single stations near the mouths of other large urban rivers
and at the head of the La Jolla Submarine Canyon, off San Diego.

The absence of severedterationsin SCB benthic infaunal communities
underscoresthe dramatic improvement in sediment quality that has oc-
curred near somelarge municipal wastewater outfalls. Monitoring data
from the 1970s indicate that much of the Palos Verdes Shelf had de-
graded benthic communities, characterized by the absence of important
animal groups. Similar impactswerea so present in SantaMonicaBay.
Improvementsin benthicinfaunad communitiessincethe 1970scorrespond
to reduced discharges of solids and contaminants by municipal wastewa-
ter treatment plants.

Sediment toxicity tests provide adirect measure of the effect of con-
tamination on benthic organisms. Thesetestscomplement sediment chem-
istry measurements by providing ameasure of the combined toxic effect
of the complex mixture of contaminants often present in sediment. Toxic-
ity test dataa so aid in theinterpretation of benthic community responses,
aslaboratory testsareless sengtiveto noncontaminant environmental vari-
ables(e.g., sediment grain size) that affect benthic organisms.

Toxicity testswere conducted on - Toxicity Tests
sediment samplesfrom 72 dations, || 10XCl tests are laboratory
. experiments in which a sensitive
Thesesiteswereasubset of those || gheciesis exposed to a sample
selected for sediment chemistry || (such as sediment) in order to
and benthic animal community || determine if the contaminants
andlyses. Acutetoxicity wasmea: || Present are capable of causing
SJred with a 1o_day amphl pOd harmful effects Sediment toxici ty
. : . . was measured in the SCBPP by
(shrimp-likeanimd) survival test. exposing the amphipod Ampelisca
abditato samples of surface
Toxicity was not detectedinany || sediment for 10 days. Samplesin
of the sediment samplesfromthe || Which lessthan 80% of the
SCB. Resultsfrom samplescol- || @Phipods survived were classi-
fied astoxic. The 10-day amphi-
lected from the northern end of the pod test is a good measure of
SCB (wheretherearenolargemu- || short-term (acute) effects of
nicipa wastewater treetment plant || contaminated sediment, although
discharges) weresimilar toresults || it may not be sensitive to the
from samples collected from the g‘:ﬁg; ?L;r:g;;rorg}::ermronl ©)
southern end of the SCB (whichis '
highly urbanized and has severd
largemunicipa wastewater discharges). Resultsfrom samplescollected
near municipa wastewater outfallswere smilar to resultsfrom samples

collected at other locations.
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Sediment quality in the
SCB was higher than that
in other regions of the
country.

Fish communities were
healthy; external diseases,
which were prevalent 20
years ago, were virtually
absentin 1994.

Both DDT and PCB were
presentin fish livers

throughout the SCB, but
concentrations were 95%
lower than 20 years ago.

Thetoxicity resultsfrom the SCBPP, when compared to resultsfrom studies
performed in baysand estuariesthroughout the United States, indicate
that the quality of sedimentsinthe SCB isgenerally higher thanthat in
other regionsof the country. Nationwide, approximately 11% of the sedi-
ment areais estimated to be toxic to amphipods. Factors such asgood
water circulation, few nearby industria discharges, and improved waste
disposal practiceshave contributed to thelow level sof toxicity foundin
the SCB.

Thestatusof fish populationsgenerateintense publicinterest because of
therecreationd activities(i.e., fishing and diving) associated with fish, as
well astheir role asan important food resource for humansand marine
animas. The SCBPP studied bottom-dwelling fish becausethey liveand
feed inthemud where pollutantsaccumulate. Studiesof bottom-dwelling
fish provide anindication of pollution effectsresulting from long-term ex-
posure and magnification through thefood chain.

Thefish portion of the SCBPP assessed communities of bottom-dwelling
species, and external anomalies and parasites at 114 sites. In addition,
measurementswere madefor 14 organic contaminantson liversof 3 spe-
ciesfrom approximately 50% of the sites.

Eighty-seven species of fish were collected inthetrawl survey. Pacific
sanddab, plainfin midshipman, and dender solewere the most numerous
fish collected. Regiondly, smaller catches of fish were obtained fromthe
northern portion of the SCB. The central portion of the SCB had lower
fish diversity than the other portions, and the southern portion the highest
fishabundance. Shdlow areashad fewer speciesand lower diversity; fish
catcheswerelarger withincreasing depth. Comparison of fish communi-
tiesin thisstudy to surveys conducted in the early 1970s suggeststhat
minor changes have occurred; these changesare partially dueto awarm-
ing trend in the coastal ocean watersthat beganin the 1980s.

Populaionsand communitiesof bottom-dweling fishweregenerdly hedthy
in 1994 and their status has noticeably improved over conditions docu-
mented in the 1970s. External fish diseases such asfin erosion, which
were prevalent in some areas during the 1970s, were virtually absent in
fish populationssampled in 1994.

Contamination of fishby DDT and PCB was widespread; the livers of
virtudly al individua sof two speciesof flatfish (Pacific sanddab and longfin
sanddab) contained these chemicals (Figure 5). All samplesof athird
flatfish (Dover sole) werealso contaminated by DDT. Thehighest DDT
and PCB concentrationsin all three specieswere measured in fish col-
lected on or near the Pal os Verdes Shelf, an areawith highly contaminated
sedimentsthat resulted from historical discharge. Tissue concentrations
declined to the north of Palos Verdes and were generally lower to the
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No other organic
contaminants were
detected in fish
livers.

Fish Contamination
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Figure 5. Percent of flatfish containing
DDT and PCB organic contaminants in

liver.

south, corresponding to patternsin sediment contamination. Dramatic
dedinesinfishliver DDT and PCB concentrationshave occurred throughout
the SCB. BothDDT and PCB concentrationsin fish from reference areas
arenow lessthan 5% of levelsmeasured during the last two decades.

Thoughwidespread, contamination
of fishinthe SCB wasrestricted to
DDT and PCB. Noneof theliver
samples contai ned detectabl e con-
centrations of 12 other organic
compounds, which included the
pesticidesAldrin, Chlordane, Didd-
rin, Endosulfan, Heptachlor, Lin-
dane, and Mirex.

Thebiological effectsof fish con-
taminationinthe SCB could not be
assessedinthisstudy. WhileDDT
and PCB aretoxic compoundsthat
have been implicated in past stud-
iesof reproductive effectsonfish,
aufficent information wasnot avail-
ableto establish atissuethreshold
of effect for the species examined
inthe SCBPP.

12

Islt Safeto Eat the Fish?
The objectives of the fish contami-
nation survey were to determine
the relative exposure of fish to
contaminants and the potential
for biological effects. Contamina-
tion was assessed by the analysis
of liver tissuefor organic chemi-
cals. Liverswere analyzed
because this organ accumulates
high concentrations of contami-
nants, and data from prior studies
were available for comparison.
These data cannot be used to
assess human health risks from
seafood consumption since the
species or tissue type (muscle)
consumed by people were not
analyzed. There are previously
published studies which address
human health concerns regarding
fish consumption.




Debris from human activi-
ties was found in 14% of
the SCB.

Debris was most common

on the outer shelf, suggest-

ing that marine vessel
activity was a primary
source.

MARINE DEBRIS

Debrisresulting from human activities affectsthe aesthetic qudity of beaches
and isone of the primary means by which pollution can beidentified by the
public. Estimatesof theamount of debriscontaminating beachesareavail-
ablethrough nationally publicized cleanup campaigns, but littleisknown
about the quantity and types of debristhat accumulate on the ocean floor.
Thisstudy, which tabul ated debris collected in netstowed a ong the bot-
tom, isthefirst to document the amount and types of debrisfound onthe
seefl oor of southern Cdifornia scoastal waters.

Anthropogenic debriswas present in 19 trawl samples, which represented
14% of the SCB study area. Lessthan 10 itemsof debriswere usually
foundinatrawl. Thedebriscongsted primarily of cans, glassbottles, and
fishing gear (Figure6). The most unusud itemsincluded aninner tubeand
ashoe.

Most of the debriswasfound in the central and southern portions of the
SCB, near the highly populated areas of San Diego and Los Angeles.
Debristended to increase with depth, occurring mostly on the outer shelf.
Thistrend suggested that much of the material originated from boats, al-
though offshore transport by currents may aso beafactor.
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Figure 6. Extent of occurence and types of debris col-
lected in SCB trawl samples. The sum of each category
exceeds the total occurrence (14%) because more than one
type of debris was presentin some samples.
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All Santa Monica Bay
sediments had elevated
concentrations of contami-
nants, with 49% of the
area exceeding a thresh-
old for likely adverse
effects.

SPECIAL HABITATS

Thestandardized methodsused inregiona monitoring alow unbiased com-
parisons of conditionsamong different areas of the SCB. The sampling
effort inthe SCBPP was specifically alocated so that comparisons could
be made between both geographically defined habitats (e.g., depth and
latitude) and habitats potentially influenced by man’ sactivities(e.g., mu-
nicipa wastewater discharge). Three habitatswere examined during the
SCBPPtoinvestigate the potential influence of anthropogenic activities:
SantaMonicaBay (adjacent to metropolitan Los Angeles), areas near
dischargesfrom municipa wastewater treatment plants, and stormwater
dischargearess.

Santa Monica Bay, the portion of the coastal shelf lying between PX.
Dumeand PalosVerdes Point (Figure 1), includes some of the most highly
urbanized coast in southern Cdifornia. The Bay isused for many activities
that havethepotentia to influenceenvironmenta quality, such asindustria
and municipa discharge, boating, ssormwater discharge, and fishing. The
characteristics of thisregion were compared to datafor other regions of
the SCB.

The extent and magnitude of sediment contamination wasgreater in Santa
MonicaBay thanin other regionsof the SCB (Figure7). Concentrations
of DDT, PCB, eight trace metals, organic carbon, and nitrogen weresig-
nificantly higher in SantaMonicaBay. All of the SantaMonicaBay sedi-
mentswere contaminated by at |east onechemica. Forty-nine percent of

100
1001 89 Osanta Monica Bay
© B Rest of SCB
9 801
<
2 607 49
c
3
o 401
o
201 7 11 g
0 3
Enriched Biological Altered
Effects Benthos

Contamination Threshold

Figure 7. Percent of area exceeding thresholds for
sediment contamination or containing altered benthic
infaunal communities in Santa Monica Bay or other
portions of the SCB.
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Biological resources were
in similar condition be-
tween Santa Monica Bay
and other areas of the
SCB.

The relative area with
elevated sediment con-
taminant concentrations
was similar in municipal
wastewater discharge and
nondischarge areas.

Bottom-dwelling fish and
invertebrate communities
were similar near munici-
pal wastewater discharges
and in other regions of the
SCB.

the SantaM onicaBay sedimentsexceeded ERM biologicd effectsthresh-
oldsfor at least one chemical, compared to 7% of the sediments from
other regions of the SCB.

Despite the higher sediment contamination found in SantaMonicaBay, no
sgnificant differencesin other indicators were detected between the Bay
and other areas of the SCB. Fish and benthicinfauna communitieswere
similar for both regions, and no sediment toxicity was observed in the
subset of 16 Bay sitesstudied. Water column measurements of dissolved
oxygen and water clarity weresmilar between SantaMonicaBay and the
other regions of the SCB.

Themunicipal wastewater dischar ge region was composed of areas
surrounding thefour largest municipa wastewater discharges. Thebound-
aries of these zoneswere the areasroutinely monitored under discharge
permit requirements and included the locations most likely to show im-
pactsfrom present or past discharges. Comparisonswith the other re-
gionsof the SCB were constrained to the mid-depth range (25 to 100 m),
wherethese discharges are located.

The proportion of sediments enriched by anthropogenically introduced
contaminantswassmilar inareasnear to and distant from municipa waste-
water discharges (Figure 8). However, average surface sediment concen-
trationsof DDT, PCB, copper, mercury, and silver were higher in areas
near these discharges, resulting in ahigher percentage of areaabovethe
thresholds of likely adverse effect. Historic discharges are the source of
most of these elevated concentrations. Similar to the other regionsof the
SCB, 99% of the municipal wastewater discharge areamet California
Ocean Plan objectivesfor water clarity and dissolved oxygen.

Ontheaverage, flatfish collected from municipa wastewater discharge
areas contained higher concentrationsof DDT and PCB intheir liver tis-
suethan did fish collected from nondischarge areas. Thegeographicdis-
tribution of fish contamination reflected historic dischargesof DDT and
PCB, with the highest concentrations being present near Palos Verdes.

The communities of bottom-dwelling animalsweresimilar in organization
and heathin municipa wastewater discharge and nondischargeareas. In
wastewater discharge areas, fish were more abundant and diverse and
had higher biomass. The occurrence of external fish diseases such as
tumorsand finerosonwerelow (at background levels) in both areas. For
benthic infauna, wastewater discharge areas and the other regionsof the
SCB weresimilar in al measures of community structure and function,
such asnumber of speciesand population size. Approximately 90% of
both habitatswere classfied ashedthy and smilar toreferencestes. Com-
parison of SCBPP datawith prior surveysindicatesthat animal assem-
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Sediment contaminants
were enriched in 70% of
the area near stormwater
discharges, but concentra-
tions were below thresh-
olds for adverse effects.
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Figure 8. Percent of area exceeding thresholds for sediment
contamination or containing altered benthic infaunal com-
munities in municipal wastewater discharge regions or other
mid-depth portions of the SCB.

blages near municipa wastewater discharge areas haveimproved signifi-
cantly sincethe 1970s.

Thestormwater dischar geregion wasdefined astheareawithina3km
radius of the mouths of the 11 largest rivers and creeks in the SCB.
Stormwater areas were compared to other shallow water areas of the
SCB in order to eliminate differ-

encesrelated solely to water depth. Stormwater Effects
The measurement of stor mwater

. . effectsin the ocean is complicated
Sediments neer stormwater dis- by the fact that these discharges

charges were typically finer and || are intermittent and highly
contained more organic carbon || variable. Most water column
than other shalow areas. Thistrend || impacts of stormwater, such as
was al so reflected in near-bottom Clhar_‘9°£ in :”””y and V‘éa;‘?;f_ |
. clarity, are snort-termand difficult

measurements of water quality. || etict wing the SCBPP
Forty-six percent of the area had sampling design. Our goal was to
reduced water clarity, presumably || determine whether stormwater
because of natural sediment || discharge produced persistent
resuspension. Sediment contami- || &ffects 03_ the sj:er(]:iaraCt?isctsj of the

. . surroundin ments an
nantswereenrichedin 7_0% of the changes i ngbi ological communi-
areanear stormwater discharges, || ties: these effects have the poten-
somewheat lessthan thepercentage || tial to be more biologically
for distant areas (Figure9). Forty- || significant since they occur year-
seven percent of thesediment near || round.
stormwater discharges was en-
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Communities of bottom-
dwelling animals were
altered in 40% of the
stormwater discharge
areas, although the degree
of change was minor.

richedin metals. Thisoccurred at twicethefrequency of enrichment that
was observed in areasdistant from stormwater discharges.

Altered communities of benthic infauna were present in 40% of the
stormwater discharge areas, approximately three timesthe extent mea-
sured in other shallow areas. However, most of the alterationswere mi-
nor. Itisunclear whether these changeswere the result of anthropogenic
factorsor merdly reflect responsesto naturd disturbances created by river
discharges.
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Figure 9. Percent of area exceeding thresholds for
sediment contamination or containing altered benthic
infaunal communities in stormwater discharge regions or
other shallow portions of the SCB.

INTEGRATION

A primary reason for conducting the SCBPP wasto assessthe extent of
anthropogenicimpact on the southern Cdiforniamarine environment. A
variety of indicatorswere used to quantify pollutant exposure or biologica
effects. Whileboth types of information areimportant, neither aloneis
sufficient to assessthe overall statusof the SCB. For example, theareaof
human influence described by e evated sediment contaminants may not be
thesameastheareaof biological impacts. Both typesof information must
beintegrated to assess the rel ationship between activities such aswaste
dischargeand environmentd effects.

Bioaccumulation of chlorinated hydrocarbonsin flatfisheswashighly cor-
related with concentrations of these compoundsin adjacent sediments
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Contaminant levels in fish
tissues were correlated
with contaminant levels in
sediments.

Benthic infaunaresponses
and sediment toxicity were
poorly related to sediment
contamination.
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Figure 10. The relationship between DDE (a DDT metabolite)
bioaccumulation in longfin sanddab liver and sediment
concentration. Concentrations have been normalized to
liver fat content and sediment organic carbon content.

(Figure10). TheDDT and PCB concentrationswere higher in flatfish
liversfrom areaswith high sediment concentrations. Inaddition, the PCB
compoundsthat were most environmentally abundant were also most fre-

quently accumulated infishliver tis-
sue. Assediment contamination
levelsof DDT and PCB decreased
at reference sitesover the past two
decades, liver concentrations de-
creased by one or two orders of
magnitude; these resultsindicate
that sediment contaminationistill
adominant factor influencing the
contamination of SCB marinelife.

In contrast to fish biocaccumul ation,
apoor correspondencewasfound
between sediment contamination
and effects on benthic infauna.
Although 90% of the SCB had
evidence of anthropogenic con-
tamination by at least one chemi-
cal, 91% of the SCB had appar-
ently hedlthy benthicinfaund com-
munities. Altered benthic commu-
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Natural vs. Anthropogenic
Effects

It is often difficult to distinguish
between alterations caused by
human activities and those due to
natural events. For example,
alterations in benthic communities
near stormwater discharges may
be due to natural factors, such as
the episodic discharge of freshwa-
ter or the deposition of terrestrial
organic material. Determining the
cause of an effect isan important
step in determining the appropri-
ate management response. \\e
attempted to minimize the influ-
ence of natural factorsin the
SCBPP by using assessment tools
that partially compensate for
natural variability, such asiron-
normalization and the Benthic
Response Index.




nitieswere not found consistently at siteswith the highest sediment con-
tamination. Sediment toxicity wasnot detected at any location.

Differencesin theimpact assessmentsusing biology, toxicity, or chemistry
indicators demonstrate that the rel ationship between pollutant exposure
and biologicd effectsiscomplex. Thegeographic distribution of thegites
with impacted benthos suggeststhat effectsare rel ated to sormwater run-
off or municipal wastewater discharge, but the cause may be dueto un-
measured or intermittent factors. Understanding therel ationship between
relatively dight impacts, asfound in the SCBPP, and human activitiesis
difficult because of thelarge variability caused by natural eventsinthe
ocean.

The SCBPP data provide a
benchmark for comparison
with other southern

California monitoring data.

A second cooperative
regional study is planned
for 1998.

FUTURE DIRECTION

The SCBPP was highly successful, yielding thefirst consistent, region-
wide datasetsfor describing pollution exposure and biologica resources
withinthe SCB. These data setsallowed usto achieve two SCBPP ob-
jectives: 1) assessing the spatid extent and magnitude of ecologica distur-
bancesinthe SCB, and 2) describing relative conditionsamong different
regions. The Bight-wide dataa so provide abenchmark against which
locd monitoring programs can evd uate therelative condition of their indi-
vidud stes.

The SCBPPformed amode for achieving regiona monitoring cost-effec-
tively through collaboration among multiple agencies. Development of
SCBPP methods manual s provided the opportunity for participantsto
assessand improvethe qudity of datathey produce. Thequality assur-
ance procedures provided the feedback mechanismsnecessary for achiev-
ing comparabledataof high quality.

A second cooperativeregiona survey isplanned for 1998. Periodicre-
giona monitoring allows evaluation of whether theoveral systemisim-
proving or declining. Futureregiona monitoring will also providethe op-
portunity to refine assessment tools, such asthe Benthic Response Index
and iron-normalization curves. Regiona monitoring programsalso pro-
videthe opportunity to create new toolsthat can only be devel oped when
datafrom abroader range of sampling locationsare available.

Future regiona monitoring effortswill providethe opportunity to address
anumber of questions that were not studied in the SCBPP. Foremost
among theseishow doesthe environmental condition of offshore areas
(the subject of the SCBPP) compareto that of nearshore areas, such as
harbors, bays, and ports, which are closer to human influence. Future
studiesaso providethe opportunity to add new indicators, such asbacte-
riological measures, that alow assessment of human health questions.
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New participants are
needed to share costs and
increase the types of
measures in future surveys.

Asnew issuesand new habitatsare added to theregiona monitoring pro-
gram, it becomesincreasingly important to involve new participantsinthe
cooperativeeffort. Adding participantsprovidesadditiona resourcesthat
reducethe cost to dl participants and expand the number of sample sites
and indicatorsthat can be measured. New participantsa so provide ad-
ditional expertise and perspectivefor selecting questionsthat should be
addressed with regiona monitoring. Perhapsof grestestimportance, new
participants providethe opportunity to achieve abroader consensusabot,
and an increased audiencefor, the products of regiona monitoring; re-
gional monitoringisonly of valueif the data are accepted and used for
environmental management.
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