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Ocean dependent activities
contribute over nine billion
dollars to the coastal
economy.

Less than 5% of the
Southern California Bight is
routinely monitored.

The program consisted of
three components:
Coastal Ecology, Shore-
line Microbiology and
Water Quality.

INTRODUCTION

Southern Cdifornia is home to nearly 20 million people making it one of the
most densdy populated areas in the United States. Its popularity results in
part from access to the Pacific Ocean and atemperate climate that alowsfor
year-round use of the coast. The coadt is a vauable natura resource that
contributes to the local economies of the region and enhances the quality of
life for those who work in, livein or vigt the area. Human uses of the coadt-
line and ocean water of the Bight include recregtion, tourism, aesthetic en-
joyment, sport and commercid fishing, coastd development, and indudtry.

Ocean-dependent activities contribute
approximately nine billion dollars to
the economies of southern Cdifornia
coastal communities and support over
175,000 jobs.

The high population density has led
to extensive development, waste dis-
charge and runoff dong the southern
Cdiforniacoast and in its watersheds.
More than $31M is spent annually on
environmental monitoring to assess
the potentid effects of human activi-
ties on southern California's coastal
ocean, which is known as the South-
ern Cdifornia Bight (SCB). Despite
this large expenditure, only 5% of the
SCB is routindy monitored because

What is the Southern
CaliforniaBight?
A bight is defined as a bend in the
coastline, and the Southern California
Bight isthe 700 km (400 miles) of re-
cessed coastline between Point Con-
ceptionin SantaBarbara County and
Cabo Colnett, south of Ensenada,
Mexico. Itisborderedinthe east by
land andinthewest by the California
Current. Thedramatic changeinthe
angleof thecoastlinecreatesalarge
backwater eddy inwhich subtropical
water sflow north near shoreand sub-
arctic watersflow south offshore. This
uniqueoceanographiccirculation pat-
tern creates a biological transition
zone between warm and cold waters
that contains approximately 500 ma-
rinefish speciesand morethan 5,000

invertebrate species.

nearly all monitoring is focused on
assessing individua sources of dis-
charge. Moreover, the parameters measured, as well as the frequency and
methodology by which they are measured, differ among monitoring programs
throughout the SCB, hampering integration of data from these programs.
While these programs generdly collect high qudity data, they are not de-
signed to describe changes that occur on regiond scales or to assess cumula
tive impacts from multiple sources.

Recognizing the need for an integrated assessment of the southern California
coastal ocean, 62 organizations collaborated in 1998 to conduct a compre-
hensive assessment of the ecologicd condition of the SCB. Referred to as
Bight' 98, the program included three components: Coastal Ecology, Shore-
line Microbiology and Water Quality. The god of the Coastd Ecology Com+-
ponent was to assess condition of the living marine resources in the Bight
and evduate effects of their exposure to pollutants. The god of the Shore-
line Microbiology Component was to determine how much of the shordine
is meeting microbiological water qudity Sandards. The god of the Water



Bight'98 was a cross-
border study.

Quality Component wasto define how far
offshore we saw the effects of runoff from
coastal watersheds.

This report provides an overview of the
findings from Bight' 98 and is intended for
environmenta managers and the generd
public. Volumes | through VIII are in-
tended for a scientific audience and pro-
vide supporting detailsfor the conclusons
presented in this report. All volumes are
available via the Internet (http://
WWW.SCCWIP.Org).

While the focd point of Bight'98 was in
the United States, it is the first study to
compare coastal ecologica condition of
Mexico and the United States using the
same sampling design, sampling methods
and qudlity control procedures. Sampling
in Mexico was coordinated through
Univeristad Autonomous de BgaCdifor-

nia and included a subsat (sediment chemidry, benthic infauna, water qudity

Growth of Regional Monitoring
Bight’ 98 is an extension of a 1994
regional survey referred to as the
Southern California Bight Pilot
Project (SCBPP). ThePilot Project
wasan effort by 12 organizationsto
assessthefeasibility of achievingre-
gional assessmentsthroughintegra-
tion of cooperativein-kind services.
Bight’ 98 extendsthe Pil ot Project by
including more participants (62 vs.
12 organizations), new technical
components (shoreline microbiol-
ogy), and increased geographic
range of sampling (Channel Islands,
bays and harbors, Mexico). Based
on the success of Bight’ 98, most of
the participating organizations have
agreed to continuetheir participa-
tioninongoing regional monitoring
every five years. Planning has al-
ready begun for the Bight'03 re-
gional survey.

and shordline microbiology) of the parameters measured in the US. Since not dl

aspects of the Bight' 98 monitoring program were conducted in Mexico, results

from their sampling are reported in the technica scientific reports rather than in

this summary document.




415 sites were sampled for
sediment chemistry, toxicity,
benthic macrofaunaand fish.

Pollutants accumulate in
sediments, whichinturn
becomeasource of
contamination to marine
food webs.

COASTAL ECOLOGY
I ntroduction

The waste products of human activities are introduced to the marine envi-
ronment through a variety of means, including industria and municipa waste-
water outfalls, runoff from urbanized watersheds, overboard disposa from
boats and shipping, and atmospheric deposition. Once in the ocean, these
materias may act as contaminants in the water column or in the sedfloor
environment, in some cases accumulating to levels that negatively affect the
biological resources of our coastd waters. Introduced contaminants may
aso flow out of the SCB through ocean circulation, be degraded by organ-
isms or become diluted below levels of concern.

The Coastal Ecology Component of Bight' 98 was intended to assessthe spa-
tid extent of contaminant accumulation in sediments and the effect of these
contaminants on biota in the SCB. We focused on the seafloor environment
because sediments act as the primary sink for much of what isdischarged. A
totd of 415 dtes were sampled for sediment chemistry, sediment toxicity,
benthic macrofauna and fish (Figure 1), though not al Stes were sampled
for dl parameters. Sample siteswere sdlected using a dratified random sam-
pling design that allowed the condition of the Bight to be accurately expressed
in terms of surface area of seafloor affected. The dratified portion of the

design dlowed us to assess the rla
tive condition of specific aress of in-
terest withinthe Bight. Theseincluded
areas influenced by ports, marinas,
sewage trestment plant outfalls, and
land-based runoff. Sampling sites
were adso placed in the Channel Is-
lands to assess their condition relative
to the mainland.

Pollutant Exposure

Pollutants often associate with par-
ticles and settle on the ocean floor.
While some of the sediment-associated
pollutants are degraded by microor-
ganisms or by natural geochemical
processes, many toxic pollutants are
resistant to degradation and may per-
sS< in the sediments for long periods
of time. Sediments act as a reservoir
for pollution, which can be reintro-
duced to the water column when the
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Sediment Quality Guidelines
Neither the Sate of Californianor the
U.S. EPA has yet to establish sedi-
ment quality criteria, but there are
numer ous sediment quality guidelines
(SQGs) for relating sediment chemi-
cal concentrationsto potential bio-
logical effects. There are two main
types of SQGs - those based upon
empirical relationships, and those
based on the theory of equilibrium
partitioning. For the Bight’ 98 sur-
vey, sediment contamination was
evaluated using both the empirical
and theoretical SQGsin an effort to
providethe most thorough and accu-
rate assessment of potential biologi-
cal impacts. These two approaches
agreed well onthe overall amount of
areainthe SCB having contaminants
at levels of biological concern, but
they disagreed about thelikelihood of
effects on an individual site basis.
Further work is needed to improve
SQG performance at the contamina-
tion levelsobservedinthe SCB.
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Figure 1. Coastal Ecology sampling locations for Bight'98.



A remnant of historical
inputs, DDT and related
compounds were the

most widespread contami-

nants in the SCB sedi-
ments.

sediments are disturbed.  Sediments adso
serve as a source of exposure for animas
that live in or feed within them, such as
sea urchins, crabs, and flatfishes.

Because marine sediments act as both a
reservoir and conduit for contamination,

the pollutant exposure assessment for
Bight'98 focused on sediment quality.

Chemical characterization of sediments
included organic matter (tota organic car-

bon, total nitrogen), metds, chlorinated
pesticides, polychlorinated biphenyls
(PCBs) and polynuclear aromatic hydro-

carbons (PAHS).

Approximately 86% of the SCB had de-
tectable levels of contamination resulting
from human activities. Congstent with
previous regiond surveys, the chlorinated
pesticide DDT and its breakdown prod-
ucts were the most widespread. Detect-
ablelevelsof DDT were found in 82% of
the SCB. Theuseof DDT wasbannedin
1972, and most of the DDT reflected his-
torica discharges. Enrichment of other
contaminants (PAHs, PCBs, and trace

History of DDT Contamination in
Southern California

DDT was produced and discharged
to the Southern California Bight
(SCB) by the Montrose chemical
plantin Torrance, from1947t0 1971
(when dischargewasbanned). It was
primarily discharged in wastewater
effluent via Los Angeles County’s
White Point Outfall on the Palos
Verdes Shelf or disposed of at off-
shore dump sites. Prior to 1971, up
t0 1,800 metrictonsof DDT wasdis-
charged onto the Pal os Ver des Shel f
and up to 600 metric tons were
dumped in the San Pedro Basin;
since then, inputs of DDT to the
ocean have been very low or unde-
tectable. SomeDDT also enteredthe
ocean via other routes (e.g., runoff,
and aerial fallout). AlthoughDDTis
widespreadinsedimentsand marine
life, present levelsaremorethan an
order of magnitude less than those
30yearsago. ThePal osVerdes Shelf
hasbeen named a Superfund Site by
the US Environmental Protection
Agency, whichiscurrentlytestingthe
feasibility of capping contaminated
sediments.

metals) generdly occurred in less than haf of the SCB.

Sediment contamination was not equaly distributed throughout the SCB. A
disproportionate amount occurred within bay/harbor areas and in the vicinity of
Publicly Owned Treatment Works (POTW) discharge zones (Table 1). Within
bays and harbors, higher levels of contamination were typicaly associated with

Table 1. Comparison between percent of total SCB contamination occur-
ring in selected habitats and the areal extent of those habitats.

Parameters Bays& POTW River Other
Harbors Areas  Mouths Coastal
Percent of SCB area that occurs 6.1 5.6 1.0 87.3
in selected habitats
Percent of SCB trace metal or organic
contamination occurring in those habitats
Trace Metals 14.5 9.3 0.9 71.7
Organics 33.6 21.4 2.6 42.0




Although sediment
contamination was
widespread, most was at
levels not expected to
cause adverse biological
impacts.

indugtria, port and marina areas. For POTWSs, most of the contamination
was associated with the large POTW outfdls and is more reflective of his-
torical discharges than of current inputs.

Although detectable levels of pallution in the SCB were widespread, sediment
contaminant concentrations were generaly below levels expected to cause ad-
verse hiological impacts. None of the SCB had concentrations that exceeded
either EPA’s equilibrium partitioning or National Oceanic and Atmospheric
Adminigration’s (NOAA) bulk sediment quaity guideines for pooled chemicd
groups. Only 12% of the SCB had levelsthat exceeded NOAA'’s guiddines for
individua contaminants, these guidelines are considered more protective, but
less rdiable than the pooled andyss gpproach. Of the contaminants faling the
individual contaminant guidelines, most were organic compounds (Figure 2).

——= Uncontaminated
—= Effects Unlikely
=== Effects Possible

Trace Metals Organic Compounds

Figure 2. Percent of SCB area contaminated by trace metals
and organic compounds, and the associated potential for
biological effects.

Sediment Toxicity

Sediment toxicity tests are laboratory methods in which a sengtive species is
exposed to whole sediment, or a sediment extract, and then observed for adverse
effects such as mortality or reduced growth. These tests provide a direct mea
sure of the biologica effects of sediment contamination and provide deta that is
helpful for interpretation of the results of chemistry and benthic macrofaunaandy-
ses. Toxicity tests complement sediment chemistry data by providing a measure
of the combined toxic effect of al contaminants present and accounting for the
effects of factors (e.g., organic carbon) that may affect the biologica availability
of some condtituents. Toxicity test data dso ad in the interpretation of benthic
community responses, which can be influenced by both habitat factors (eg., grain
sze or sdinity) and contamination. Laboratory tests are less influenced by habi-
tat factors, so the toxicity results can be used to help determine the cause of
population effects.



Eighty-one percent of the
SCB had no evidence of

concern for sediment
toxicity.

High toxicity concern
was presentin only three
percent of the SCB.

Sediment toxicity was
most prevalent and
more severein port
and marinaareas.

Eighty-one percent of the SCB con-
tained sediment for which there was no
toxicity concern (Figure 3). Three per-
cent of the sediment showed high con-
cern; sediments in this category caused
high mortdity (>50%) to a test gpecies
or caused toxicity to multiple species.
The remaining 16% of SCB sediment
had potentid toxicity concern, meaning
that it caused ether less severe effects
or produced toxicity in only asingle test.

The grestest prevalence and severity of
toxicity was present in port and marina
areas within bays and harbors, where
35% of the area was of ether potential
or high concern. Toxicity was dso de-
tected in 22% of |less devel oped bay habi-
tats, but the effects were generally mod-
erate (i.e., no Stes were classfied in the
“High Concern” category). The extent
of toxic concern within POTW and other
coadtd habitats were smilar to one an-
other (22% and 17%, respectively) and
much less severe compared to port and
marina areas. Sediments near river
mouths showed the least extent of toxic-
ity (13% of the ares), dthough most of
the toxicity was of high concern. All of
the high concern river mouth Stes were

Sediment Toxicity Tests

A wide variety of species and life
stagesare used in sediment toxicity
tests. Several test methodsshould be
used to measure sediment toxicityin
order to accommodate species-spe-
cific variationsin contaminant sen-
sitivity and different modes of con-
taminant exposure. Thetoxicitytests
usedin Bight’ 98included threemeth-
ods. Bulk sediment wastested using
an amphipod (Eohaustorius
estuarius) survival test. Two addi-
tional testswere conducted to mea-
sure sublethal biological effects.
Solvent extracts of the sediment were
tested using the human cell reporter
genetest, which measurestheinduc-
tion of an enzyme systeminvolvedin
contaminant metabolism. In addi-
tion, the toxicity of sediment
elutriateswas eval uated by measur-
ing theinhibition of bioluminescence
in a speciesof phytoplankton (Gon-
yaulax polyedra). Theresultsfrom
all threetest methodswerecombined
using aweight of evidenceapproach
to classify each samplewithregard
to relative concern for toxicity. A
high level of concern was assigned
tosamplesthat produced severetoxic
effectsor that caused toxicity to mul-
tipletest species.

located near the Los Angdes River, which discharges behind the Long Beach
Harbor breakwater, where calm waters enhance the deposition of contaminated
sediments.

The Bight' 98 toxicity results are smilar to those reported in previous loca stud-
ies of bays and harbors by the NOAA and the State Water Resources Control
Board, where 14-66% of the areawasreported to betoxic. The persistent occur-
rence of toxicity in port and marina areas indicates that sediment qudity in many
of these areas is not improving. These locations are good candidates for addi-
tiona research designed to identify the cause and sources of toxicity.

The presence of toxic levels of concernin 17-22% of coastal and POTW areas
contragts with SCB regiond monitoring results from 1994, when no sediment
toxicity was detected in coastd habitats. The difference in results between these
two dudiesislikely due a least in part to the use of different test methods. The
1994 toxicity assessment used only one measure of toxicity (amphipod survival)
and the test pecies differed from that used in 1998. Differences in sengtivity



between species and the lack of subletha toxicity data in the 1994 assess-
ment may have contributed to the different results obtained between studies.

40
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[ Potential Concern
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Bays & River POTW Other SCB
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Areas

Figure 3. Percent of area within the SCB containing sediment toxicity of
concern. The data reflect the combined effects of three toxicity tests.

Benthic Infauna

Benthic macrofauna, the community of animas (smal worms, crustaceans, dams,
efc.) that live within or on the sea floor sediments, have long been used as an
indicator of human impacts in marine environments.  They are sitable indica
tors of impacts because the sediments in which they live area sink for pollutants
resulting from man's activities. Because these animals have limited mobility
and often directly consume sediments, they are sengtive to physical and chemi-
cd dterations of ther environment. Additiondly, the animas making up these
communities have life spans (less than one to a few years) for community level
responses to become evident on time scales gppropriate to tempora changesin
pollution levels.

Disturbance within benthic macrofaunal communities is detected by compari-
son to reference community condition. The reference condition has severd dter-
nate states depending on the nature of the habitat. We recognized five distinct
reference communities in this study, primarily determined by water depth and
sediment grain Sze characterigics.  Undergtanding this variability in reference
condition is necessary for the evauation of impacts over the range of habitats
conddered in the study.



Eighty-eight percent of the
SCB had macrofaunal
communities typical of
reference areas.

Clear evidence of
communitydisturbance
was evident in only two
percent of the area.

Bays and harbors had
the greatest extent of
disturbed macrofaunal
communities.

We found 88% of southern Cdifornia
sediments support benthic communitiesin
reference condition (Figure 4). Another
10% were found to deviate only margin-

aly from the condition (response leve 1).
Meacrofaund communities in the remain-

ing 2% of the Bight exhibited stronger re-

goonses.  These successvely higher re-
sponse levels (levels 2-4) provide clear
evidence of community disturbance. At
each leve, fewer and fewer gpecies are
ableto thrive, and deviation from the ref-

erence condition is gregter.

Among the mgor habitats studied, bays
and harbors were found to have the high-
est proportion (17%) of disturbed benthic
communities. The extent of this distur-
bance was disproportionate at a regiona
scale, as bay and harbor habitats repre-
sent only 4% of the area of the Bight, but
accounted for 37% of the area in which
we found disturbed communities. Dis-
turbed benthic communities were also

Biointegrity I ndices

Benthic macrofaunal animal commu-
nitiesare useful indicators of effects,
but they are complex. Over 2000 spe-
ciesarefoundin SCB sediments, with
morethan 100 typically occurringin
anindividual sample. Thiscomplex-
ity makes interpretation of
macrofaunal datachallengingandre-
sour ce managersneed ameansof re-
ducing this complexity to a concise,
ecol ogically meaningful measure of
community health. The 1994 Southern
CaliforniaBight Pilot Project met this
need by developing the Benthic Re-
sponse Index (BRI). The BRI is a
biointegrity index that providesa nu-
mericrepresentation of thedegreeto
which the community at a given site
differs from that found in reference
areas. InBight’ 98, we extended this
approach to develop asimilar index
for enclosed baysand harbors. Ade-
scription of howthisindex wasdevel -
oped and validated is presented in
Volume VII of the Bight’ 98 reports.

observed in river mouth and offshore wastewater discharge aress, but the extent
of disturbance in these areas was not subgtantidly different from that in other
open coastd areas. The idands were free of areas with disturbed communities.

The macrofaund community findings of this survey are smilar to those of the
SCBPPregiond survey conducted in 1994 and arein contrast to historical benthic
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Figure 4. Percent of SCB containing reference or altered benthic

macrofaunal communities
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Non-Indigenous species
where ubiquitous and
disproportionately
abundant in bays and
harbors.

conditions. Twenty to thirty years ago,
macrofauna in extensive areas of open
coast habitat surrounding the larger
wastewater outfalls were severely de-
graded. The modest degree and extent of
disturbance found in this study (and in
1994) attest to the effectiveness of re-
duced emissonsfrom these sourcessince
the 1970s in amdiorating benthic im-

pacts.

Within bays and harbors, we found non-
indigenous species (NIS) to be ubiquitous
and disproportionately abundant (Figure
5). NIS occurred at 121 of 123 of the
bay and harbor stes we sampled. While
only 4% of the species captured at these
steswereNIS, they accounted for an av-
erage of 28% of the macrofauna abun-
dance, reaching 93% at one site. NIS
were not confined to the mgor industria
harbors of Los Angeles/Long Beach and

Non-Indigenous Species
Non-indigenous species (NIS) are
foreign speciesthat have beenintro-
ducedto habitatsbeyondtheir natu-
ral range by the actions of man.
These introductions are becoming
more common as a result of the in-
creasingly global natureof tradeand
transport. Among marine habitats,
baysand harbor areparticularlyvul-
nerabletoinvasion, asthey aresites
of global shippingtraffic. Many NIS
havebeenintroducedtoUSharbors
through transport of larvae in the
ballast water of transoceanic ships.
NIS have the potential to be ex-
tremely disruptivewhen theyinvade
native communities of plants and
animals. They can displace native
species, alter predator-preyrelation-
ships, changelevelsof primary pro-
ductivity, and negatively alter the
physical nature of habitats.

San Diego, but dso occurred in @undance in dl but one of the smdl recre-
ationd harbors. The dominant NIS were native to the Northwest Pacific (Japan
and China), athough species from other Pacific regions and the Atlantic were
aso represented.  Despite the prevaence of these invaders, we found little evi-
dence they were causing maor disruption in the species richness or organism
abundance of the native communities they have invaded. Rather, the invaded
communities were characterized by grester numbers of native species and higher
native species abundance when compared to bay and harbor communities lack-
ing NIS. From this perspective, NIS in southern Cdifornia s bays and harbors
gppear to act as additive eements to the communitiesin which they occur. How-
ever, in other settings NIS are known to displace or otherwise inhibit individua
native species. The effectsof NIS on individua native species was not examined
inthisstudy. Given the observed prevaence of NIS in southern Cdifornia s bay
and harbors, this should be a focus of future studies.

30 1 28
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Figure 5. Non-indigenous species as a percent of species and
abundance within southern California bays and harbors.
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Fish communities were
healthy, with a normal mix
of species and low levels
of disease.

Three-quarters of the SCB
had fish with DDT at levels
of ecological concern.

DDT levels in fish have
been declining over time.

Demersal Fish

Demersd fish (fish living on or near the bottom) are an important part of the
marine ecosystem, as well as being targets for commercid and recreationd fish
eries. They are good indicators of pollution effects because they live on the sedi-
ments where contaminants often accumulate. They generdly have low mobility
and are therefore responsive to loca sources of contamination. These responses
can include elevated tissue contaminant levels, prevaence of diseases or dis
rupted communities. These three responses (contamination, diseases, and com-
munity integrity) were used to assess the hedlth of southern Cdifornia s demer-
s fish in Bight'98.

Demersd fish communities were hedthy in 1998, with norma (reference) com-
munities being found in 97% of southern Cdifornia. The few dtes having com-
munities that differed from reference were located near river mouths.

Thelevesof diseasesand parasiteswerelow. \We encountered no fin eroson, an
important fish response to contaminated sediments. Disease prevaencewas 0.5%,
which is substantidly less than the 5%
prevalence that was typica of southern

Cdiforniain the 1970's. It is now com-
parable to background levels of disease
in other areas of the United States.

DDT in fish tissue was prevaent a lev-
els of concern throughout the SCB, d-
though it is the only contaminant thet was
prevaent. Ninety-nine percent of thefish
examined had detectable levels of DDT
(or its metabolites), including nearly
100% of thefish from the Channd Idands
Marine Sanctuary. Seventy-one percent of
the fish had concentrations above preda-
tor-risk guiddines. While this is of con-
cern, further sudieswill be needed to as-
sess true predator risk because bird and
mamma predatorsare morelikely to con-
sume pelagic forage fish, rather than the
demersal flatfishes that we measured.
Moreover, DDT concentrations in south-

Arepredatorsat risk?

One objective of Bight’ 98 wasto as-
sess the percentage of fish that are
contaminated at concentrations of
concern to predators. There areno
USDDT and PCB guidelines for
predator risk, sowe used guidelines
devel oped by Environment Canada.
Whilealargepercentage of southern
Californiafish exceeded these guide-
lines, assessing the risk to southern
Californiapredatorswill requirefur-
ther study. Bight'98 focused solely
on demersal fish, which are more
likelytobecontaminatedthanpelagic
fish. Pelagicfisharealsomorelikely
to be consumed by marinebirdsand
mammals. Futurestudiesare needed
to examine whether other trophic
pathways are of equal contamination
concern asthat of demersal fish.

ern Cdifornia fishes have decreased more than an order of magnitude during the
past three decades in both outfal and reference areas. While present predator
risk needs to be better quantified, it is likely to be of lesser concern than it was
two or three decades earlier.
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Contaminant levels in
fish and sediment were
correlated.

Seventy-seven percent of
the SCB did not exceed
any impact threshold.

Some effects of the 1997-1998 El Nifio
on fish communitieswere gpparent. Rdla

tive to the 1994 SCBPP regiond survey,

coldwater specieswerelesswidespread on
the mainland shelf in 1998 and warm
water species occurred more widely.

Many important community members
expanded or shifted their didtributions to
deeper parts of the shelf in 1998. Two
fish speciesand threeinvertebrate species
collected in the 1998 survey had never
been reported in Cdiforniaprior to 1998;
al normaly occur south of southern Bgja
Cdifornia

The condition of bottom-living fish was
assessed using smdl bottom trawls, which
aso catch debris. Anthropogenic debris,

Islt Safeto Eat the Fish?

The objective of the fish contamina-
tion study wasto assessecological risk
rather than human healthrisk. Whole
fish composites of fish were analyzed
for DDT, PCB, and chlordane to as-
sesspotential health-riskstobirdand
mammal predators, using predator-
risk guidelines. Thesedatacannot be
used to assesshuman health risksfrom
seafood consumption as peopletypi-
cally consume muscle tissue rather
than whol e fish and because human
healthriskguidelinesarehigher. Typi-
cally, contaminant levelsin muscletis-
suearelower than thoseinwholefish.
The National Oceanographicand At-
mospheric Administrationispresently
conducting a comprehensive study of
human health riskfromDDT in south-
ernCalifornia.

mostly plastic, metal, and cans, occurred
in 25% of the southern Cdiforniashelf. It was most common in aress frequented
by boats, such as ports, marinas, and Santa Catalina Idand.

I ntegration

Three types of indicators of coastal condition were used in Bight'98: chemical
exposure (sediment and tissue), hedlth of living resources (benthic macrofauna
and demersd fish), and toxicity (e.g., surviva). Each indicator provides vau-
able information about the hedth of the coastd environment, but no single indi-
cator alone is sufficient to describe the overal status of the SCB. Integration of
information from dl indicators provides the most accurate assessment of the
SCB. Comparisons among indicators aso provide ingght into the causes of
observed impact.

The concentration of chlorinated hydrocarbons (DDTs and PCBs) in flatfishes
was highly correlated with concentrations in adjacent sediments (Figure 6), indi-
cating that sediment contamination is a dominant source of contaminant expo-
sure to SCB marine life. Moreover, the strong relationship between sediment
and fish tissue concentrations suggests that it is feasble to develop sediment
qudity guiddinesthat are related to food web responses.

There was no evidence of impact from any of the three indicator typesin 77% of
the SCB (Figure 7). This assessment was based on the following thresholds:
elevated sediment contaminants (mean ERMq >0.1), toxicity in the high con-
cern category, and nonreference fish or benthic communities. Impacted areas
were dominated by sediment contamination, with little correspondence among
indicator types, 71% of the affected area was impacted by contamination only
and less than 4% of the affected area showed impacts from both contaminants
and any biologicd indicator.
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Figure 6. The relationship between total DDT bioaccumulation in
whole fish and sediment concentration. Data for five species of flat-
fish are shown. Sediment concentrations have been normalized to
sediment organic carbon content.
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Figure 7. Percent of area within the SCB showing impacts to
coastal ecology indicators based on sediment chemistry and/or
biological effects (toxicity, benthic macrofauna, or fish).
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Sediment contamination
and biological effects co-
occurred most frequently
in Bays and Harbors.

Bays and harbors showed the greatest prevaence of impacts, with 66% of the
areashowing dterationsin at least oneindicator. A greater concordance among
indicators was aso observed in bays and harbors, where 37% of the impacted
area exceeded both contaminant and biologica thresholds.

Examination of the sediment chemidiry, toxicity, and benthic macrofauna deta
for individua Bight' 98 Stes suggests severa reasons for the relatively poor cor-
relation among indicators in this sudy. Firdt, the magnitude of sediment con-
tamination in the SCB, as summarized by the mean ERM quotient, was rla
tively low compared to esewhere in the United States. None of the Bight' 98
Stes contained mean quotients above 0.5, vaues that are usualy associated with
agreeter incidence of toxicity. Previous studies have shown that the mean ERM
quotient is not areliable predictor of toxicity at the low to moderate contamina
tion levels present at most areas of the SCB.

Changes in benthic macrofauna community composition showed a poor corre-
gpondence with the ERM-based sediment contamination index. Incrementd in-
creases in the contamination index were not associated with increasing dter-
ation of the benthic community (Figure 8). This result suggests that exigting
methods for evauating sediment contamination (e.g., ERM quotient) are not
adequate to predict benthic macrofauna community-level impacts a individua
dtes in southern Cdifornia
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Figure 8. Relationship between measures of sediment contamination
(ERM quotient) or sediment toxicity (amphipod survival) and embayment
benthic macrofauna community composition (benthic response index) for
Bight'98 sites.
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Sediment toxicity was a
better predictor of benthic
community effects than
existing SQGs.

Benthic macrofaunad community condition in embayments corresponded better
with sediment toxicity then it did with sediment chemidry. The magnitude and
frequency of occurrence of benthic community disturbance increased with incre-
menta increases in the magnitude of sediment toxicity (Figure 8). Sediment
toxicity was a rdatively insengtive indicator of benthic community impacts,
with only 50% of the sites having clear evidence of disturbance to benthic
macrofauna being toxic. These results provide the first synoptic comparison of
toxicity and macrofaunal community response for the SCB and indicate that
sediment toxicity tests are more reliable predictors of the potentia for commu-
nity impacts than currently available sediment quality guiddines.
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96% of the shoreline met
water quality standards
during dry weather.

58% of the shoreline
failed water quality
standards during wet
weather.

Beaches near flowing
storm drains had poor
water quality regard-
less of weather.

MICROBIOLOGY

Southern Cdlifornia s beaches are the most popular in the nation, with more than
175 million annud vistors. They are dso the mogt intensvely monitored in the
country, with 21 organizations collecting more than 100,000 microbiological
samples annudly. Mandatory hedth warnings are issued to the public if any one
of seven public hedth thresholdsis exceeded. The large number of public warn-
ings associated with this higher level of monitoring scrutiny has resulted in sev-
eral nationd publications concluding that southern Cdifornia beaches are the
mogt polluted in the nation. While epidemiologica studies have demongtrated
that there is increased hedth risk from swvimming in some aress, these sudies
and most beach monitoring are focused on known areas of concern and do not
provide a representative assessment of regiona condition. To obtain an unbi-
ased assessment, dl of the organizations that conduct routine beach monitoring
in southern California joined their efforts towards a regiond beach condition
assessment as part of Bight' 98.

Three beach surveys were conducted. The first was a dry weether survey con-
ducted during afive-week period in the summer of 1998. The second wasadry
westher survey conducted during a five-week period in the winter of 1999. The
third was a wet weether survey conducted on a single day immediately following
alarge sorm event in February 2000. Between 251 and 307 Steswere sampled
during each survey using a Sratified random sampling design to ensure an unbi-
ased st of sampling locations. Samples were andyzed for three fecd indicator
bacteria total coliforms, fecd coliforms (or E. coli), and enterococci and results
were eva uated with respect to the State of Cdlifornia s public hedth water qual-
ity standards.

Beach water qudity was generaly good during dry westher. Ninety-Six percent
of the shoreline met water quaity standards during the summer of 1998. Fur-
thermore, thefew water quality failuresthat were encountered exceeded the stan-
dard by only a smdl margin and typicaly for only one of the three indicator
gpecies that were measured. Similar results were found in the dry weeather sur-
vey conducted in the winter of 1999.

In contrast, beach water quality was consistently poor during wet weether. Fifty-
eight percent of the shordine waters faled water quaity standards during the
gorm event sudy. Moreover, most of the failures were for multiple indicators.
Most of the wet wegther exceedances aso occurred at concentrations that were
more than twice the State standard.

Regardless of wesather, beach water quality was poorest in beach areas near ur-
ban runoff outlets. In the two dry weather surveys, dmost haf of the beachesin
front of flowing storm drains exceeded water quaity standards (Figure 9). Inthe
storm study, dmost 90% of these shoreline areas failed water quality standards.
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Moreover, most of the water quality exceedences near drains were for mul-
tiple indicators regardiess of weather condition, and the magnitude by which
they exceeded State thresholds was greater than for other shoreline aress.
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Figure 9. Percent of shoreline falling California daily water quality stan-
dards during wet and dry weather in relation to distance from stormdrains.
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Water quality profiles
were taken at nearly 500
sites.

Theinfluence of the Los
Angeles and San Gabriel
Rivers on coastal water
guality was apparent at a
distance of 5 km off-
shore and 20 km
alongshore, even during
dry weather.

WATER QUALITY

Urban runoff is among the largest sources of contamination to southern
Cdifornid s coasta ocean, containing bacterid contamination, inorganic nutri-
ents, various organic compounds, and metals. Contributions from these sources
are rdatively smdl during dry wesather, but large amounts of freshwater drain
the urban landscape and flood the coastal ocean during rain events. The Water

Quadlity component of Bight'98 assessed
the spatia scales of impacts from these
freshwater inputs on the physica structure
of the coastal ocean and compared them
with the scale of influence from offshore
POTW discharges.

Four oceanographic surveys were con-
ducted in which as many as nine ships 9-
multaneoudy sampled the water column
a nearly five hundred sites using Conduc-
tivity-temperature-depth (CTD) profilers.
These profilers measured sdinity, tem-
perature, light penetration and chlorophyll
(viafluorescence) through the entire depth
of thewater column. CTD profilers were
supplemented with direct measurement of
nutrients and chlorophyll at about 10%
of thesampling Stes. Thefirgt survey con-
ducted in October 1998 characterized the
ambient ocean prior to any mgor rainfdl
events. Three subsequent sampling events
were conducted immediately after gorms
and were intended to characterize theim-

New measurement opportunities
Bightwide studies of regional
stormwater plumesrequireacombi-
nation of observational toolsbecause
ship sampling aloneisinsufficient to
resolve spatial and temporal evolu-
tion of storms. Remote sensing tech-
nology providesnew opportunitiesto
quantify stormwater runoff frequently
and synoptically over large spatial
scales. Satelliteimagery, including
synthetic apertureradar (SAR) and
SeaWifscolor sensors, provides com-
prehensive views of the entire south-
ernCaliforniacoastal oceanat |east
atdailyintervals, and Advanced Very
High Resolution Radiometer
(AVHRR) imagesareobtained several
timesdaily. Shore-mounted highfre-
guency radar systems are now de-
ployedin San Diego County and pro-
videa continuousdescription of sur-
face currents. Moored systems are
now in place at several locationsin
the SCB, providing continuous mea-
surement of physical parameters.

pacts of rainfal-induced runoff. The first two of these storms were relatively
smdl and the third ssorm was a medium-sized storm that spread over severd

days.

The plumes from most land-based runoff sources were not measurable in the
ocean during dry weather. Two exceptionswerethe Los Angelesand San Gabrid
Rivers, which yield a angle freshwater plume that was evident in the upper few
meters of the coastal ocean and is present throughout the year. The spatid extent
of this dry wesather plume was gpproximately 20 km aongshore, 5 km cross-
shelf, and 5-10 meters verticaly. A smal sgna was aso detected from Balona
Creek.

Following sorms, most of the mgor drainage systems had a coastd freshwater
plume that was measurable for at least 3-5 days. Thefirg two storms studied in
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Chlorophyll concentra-
tions in the near coast
increased from land-
based runoff following a
storm.

Bight'98 were small (less than 2.5 cm), but plumes were ill evident to a
distance of dmogt 10 km offshore (Figure 10). The third sorm yielded more
than 5 cm of rainfall and its plume extended amost 20 km offshore .

Stormwater runoff appeared to promote phytoplankton plumes gpproximately
3-5 daysfollowing the ssorm event. Elevated chlorophyll fluorescence was cor-
related with low sdinity and the pattern of surface phytoplankton patches was
coincident with the pattern of surface runoff sources. Other potentia effects
from stormwater runoff, such as pathogenic bacteria, toxic organic compounds
and metas, were not measured in the study and should be addressed in future
surveys.

Figure 10. SeaWiFS image from Jan 28 1999 illustrating
stormwater plume dimensions measured during Bight'98.
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Intercalibration studies
were conducted to
ensure consistent data
among Bight'98 partici-
pants.

Chemicalprocessing
required the greatest
effortto achieve compa-
rability.

INTERCALIBRATION

Sixty-two organizations participated in
Bight' 98, thirty-six of which weredirectly
involved in data collection or laboratory
sample processing. Developing atechni-
caly defensible regional assessment re-
quired implementing quality assurance
procedures to ensure that the data from
these disparate sourceswere comparable.
These procedures not only led to higher
data quality during Bight'98, but aso
have been the basis for improved data
qudity by the participants in their ongo-
ing monitoring programs.

Quadlity assurance included three types of
activities. The first was preparation of
manuas to standardize field collection,

Regional Professional
Organizations
Sandardizationandintercalibration
in Bight’ 98 was enhanced through
cooperationwith preexisting scien-
tific organizationsthat focuson de-
velopingregional consistency. One
exampleisthe Southern California
Association of Marine Invertebrate
Taxonomists (SCAMIT), whose goal
istodevel opregionally standardized
taxonomy for marineinvertebrates.
All of the benthic taxonomists who
participated in Bight’98 are
SCAMIT membersand SCAMIT di-
rected many of its activities to the
needs of the survey. Even after
completion of Bight’98, SCAMIT
continuesworking to resolvetaxo-

nomic issues in preparation for fu-
turesurveys. Smilar organizations
exist withintheregion for environ-
mental chemistsand toxicologists.

laboratory procedures and data manage-
ment. These manuas have subsequently
been adopted in many ongoing monitor-
ing efforts to ensure compatibility with
data collected during Bight'98. The second was group-training exercises. The
third was proficiency demondgirations required of each participating organization
prior to their collecting data in the regiond survey. These demondrations in-
volved field audits of onboard activities and andysis of blind samples to assess
competency in laboratory sample processing.

Blind sample laboratory proficiency examinations were conducted for chemis-
try, toxicology, microbiology and benthic macrofauna identifications. For most
of these parametersthere were only small discrepancies among laboratories, usu-
aly requiring minor supplementa training for one or two individua laborato-
ries. The one exception was the chemigtry intercdibration, for which there was
wide discrepancy among the seven participating labs, even though al were cer-
tified by the Cdifornias Environmenta Laboratory Accreditation Program.

The chemigry intercdibration involved al laboratories processing two fied
collected sediment samples for PAHS, PCBs and metals. The preestablished
requirement was that al laboratories must be within 40% of the group mean
for the measured contaminants. In the first round of this exercise, the disparity
among laboratories was more than twenty-fold in both samples. This rediza
tion of inconastency led to a comprehensive review of dl anaytica proce-
dures by the participants. The review involved trading personnel among fa-
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Figure 11. Sediment contaminant concentrations for reported
intercalibration test samples by the seven participating laboratories
before and after corrective actions to increase consistency. The
boxes show the 25, 50t (median) and 75" percentiles, and the bars

show the range of the data.

cilities and specid studies to assess the
importance of differences in procedure.
This consumed almost a year, but led to
corrective measures that ultimately re-
aulted in the laboratories meeting the ini-
tid performance guiddines (Figure 11).
While the intercdibration exercises re-
quired alarge investment of time and re-
sources from the participants, they pro-
vided quality assurance benefits that will
continue to accrue well beyond the term
of Bight'98.
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Microbiological Method
Certification
Laboratoriesin Californiahavehis-
torically used two state-certified
methods, membrane filtration and
multipletube fermentation, to mea-
sure bacterial concentrations in
oceanwater. Recent advanceshave
produced the chromogenic substrate
technique, which is less expensive
and faster. This method, produced
commercially by Idexx Laboratories,
is used widely for drinking water
applications, but hashad only lim-
itedtestingin marinewaters. Bight
’98 conducted thefir st comprehen-
sive side-by-side field tests, which
wereconducted during wet-weather
when potential interfering com-
pounds were most likely to be
present. The new method produced
compar abledatato that of conven-
tional methods. Based on thesefind-
ings, the State of California Depart-
ment of Health Services has certi-
fied the chromogenic substrate
method asacceptablefor usein ma-

rinewaters.




FUTURE DIRECTIONS

Bight' 98 has provided southern Cdifornia with aregiond perspective about the
condition of the marine environment that is avalable for very few aress of the
country. This perspective will improve management by providing a foundation
for regiona management priorities. It will dso hep by providing context and
perspective for assessing the relative severity of issues occurring at local scales.

Beyond its definitive findings, Bight' 98 aso serves to identify the deficiencies in
our knowledge that prevent effective management. In some cases, these defi-
ciencies are related to a lack of data. In other cases, they reflect our limited
ability to interpret data that we have dready collected. The 62 organizations
that participated in Bight' 98 have developed the following recommendations for
actions that should be taken to continue improving the scientific foundation for
coastd management in southern Cdifornia

Recommendation 1: Improve Sediment Quality Assessment Tools

Chemicdl, toxicological and biological community measures were dl
used to assess sediment qudity in Bight'98. These measures dl indi-
cated that contaminant concentrations in the SCB were generdly below
levels of biologicad concern and there was greater incidence of biologi-
ca effectsin bays and harbors than offshore. However, there was poor
correspondence among thesemessuresat individua sampling Sites. These
inconsstencies suggest that the available tools for assessng the sgnifi-
cance of sediment contamination are of limited accuracy when used done.
Additiond andyses of the Bight' 98 results and future studies are planned
in order to develop more effective sediment qudity assessment toals.
Until improved tools become available, management decisons such as
listing impaired water bodies, prioritizing Sites for cleanup, identifying
contaminants of concern, and establishing cleanup levels should be based
upon data from multiple indicators thet are interpreted using a weight of
evidence approach.

Recommendation 2: Better assessthe level of predator-risk associated
with DDT contamination in the SCB.

Nearly three-quarters of the fish we examined had DDT leves above
predator-risk guiddines. While this is a cause for concern, it does not
mean that predators are truly at risk. First, Canadian guidelines were
used because such guiddines have not yet been developed in the United
States. U.S. guidelines need to be developed because it is unclear how
well the Canadian guiddines apply to southern Cdlifornia.  Second,
Bight’ 98 focused on examination of bottom-dwelling flatfish. Birds and
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mammalsfeed more often on pel agic forage fish, such asanchovies, which
are likely to have lower contaminant leves because they have less con-
tact with contaminant-laden sediments. Future surveys need to assess
whether pelagic fish also have DDT concentrations above predator risk
guiddines.

Recommendation 3;: Better characterize land-based runoff

The Shoreline Microbiology Component of Bight' 98 found that most of
southern Cdifornid s beach water qudity problems are associated with
land-based runoff. The Water Quality Component found that land-based
runoff influences extend far from shore, even during dry wesether. Effec-
tive runoff management will require a greater understanding of these
issues than that provided by Bight' 98 aone.

The most critical need is for source characterization. Managers need to
know whether runoff-based bacterid problems result from leaking sewer
lines, which are best addressed by sanitation agencies, or from anima
wadgte, which is better addressed by sormwater agencies. Alternatively,
runoff-based bacteriain some watersheds could result from birds or wild
animas and represent naturad background conditions that require little
or N0 management action.

A second need isfor understanding the fate of land-based runoff when it
reaches the coastal zone. For bacteria, the public health risk associated
with specific runoff sources partly depends on how quickly the materid
is diluted or trangported. Very little is known about contaminant trans-
port within the shorezone. For chemica contaminants, low concentra:
tions were obsarved in sediments near the mouths of freshwater outlets
in Bight' 98, presumably because high episodic flows trangport it to more
offshore locations. Knowing these locations is essentid to assessing the
biologicd effects of this runoff.

Recommendation 4: Regional monitoring surveys of the SCB should be
repeated at periodic (e.g. fiveyear) intervals.

Individua, isolated monitoring programs do not generate dl of the in-
formation necessary for effective management of coastal resources. They
cannot assess the spatial extent of ecologicd disturbances in the SCB,
measure relative condition among different portions of the region or ad-
equately define a background upon which monitoring agencies can evau-
ate ther locd environmental conditions. Bight'98 and its Filot Project
predecessor have demondtrated that this information can be developed
cost-effectively through multi-ingtitutional collaboration.
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In addition to assessments of regiona environmenta condition, the two
previous surveys have produced new methods that will enhance locd
monitoring on an ongoing bass. These incdlude toals for evauating the
hedth of benthic infaund and fish communities, a new method for dif-
ferentiating background versus anthropogenic sources of heavy metdls,
and adoption of new methods for becteriologica testing. Additiondly,
the regiona survey quality control efforts have provided the opportunity
for participants to assess and improve the quality of datathey producein
their ongoing monitoring programs.

Emphasis should be placed during the planning of future regiona sur-
veys to enlist as many participants as possble. One virtue of regiond
monitoring is the didog among disparate groups. This didog was en-
hanced by expansion from 12 to 62 organizations in 1998, but there
remains opportunity for involving other sectors of the community in this
didog in future surveys.

Recommendation 5: Conduct intercalibration exercises as an ongoing
activity.

The intercdlibration exercises conducted during Bight’ 98 exposed some
substantid differences in measurements among laboratories in southern
Cdifornia, even though dl of the participants were Sate-certified. These
exercises provided a tremendous forum for interaction among profes-
sonds, dlowing them to assess their capabilities and identify opportu-
nities for improvement. Even for those parameters, such as microbiol-
ogy, for which there was agreement among |aboratories, success in the
exercise provided participants greater confidence about their ability to
exchange or integrate their data. The value derived from these
intercaibration exercises warrants ther inditution as an ongoing activ-
ity, either as part of an enhanced State certification process or as part of
periodic regional surveys. These exercises should aso be expanded to
include other laboratories. The laboratoriesthat participated in Bight' 98
were among the largest in the State, with extengve internd quaity con-
trol procedures. The differences in results are likely to be even larger
when smdll, less experienced |aboratories, which conduct routine anay-
ses for many organizations in southern Cdifornia, are involved.
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