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i Executive Summary 
i 

I 
3 

{ This assessment of environmental conditions in San Diego Bay was performed pursuant to a 
memorandum of understanding between the San Diego Regional Water Quality Control Board 

P 
9 (RWQCB) and the City of San Diego. The general purpose of the study was to address concerns 
'j expressed by the San Diego Bay Interagency Water Quality Panel (Bay Panel). The Bay Panel was 

composed of 3 1 federal, state and local organizations and was formed to provide technical 
P 
f 

information and advice to the RWQCB regarding the status of various en~irons~in the Bay. Major 
goals of the Bay Panel were to characterize the overall ecological state of San Diego Bay, identify 

1 
long-term environmental trends within the Bay, band to address public concerns about the exposure to 

6 contaminants Erom eating fish captured in the Bay. , 

I This report was designed to address thk interests of the Bay Panel using data collected from San 
1 
J Diego Bay in conjunction with the Southern California Bight 1998 Regional Monitoring Project 

Pight'98). Each of the major sampling compo~ents of $he Bight:98 surveywas used to characterize 
-. the state of San Diego Bay at the time. These cdrnponents' were sedirdint particle size and chemistry 

i characteristics (see Chapter 2), macrobenthic &vertebrate communities (see Chapter 3), trawl-caught 
fish and invertebrate communities (see Chapter 4), and contaminant levels in fish tissues (see,, , 

a s Chapter 5). 
.. .: . 

, 
; : sediment . ~ u a l i t ~  , 
: 
" '. . I  

Sediment samples were collected at 46 benthic stations distributed throughout San Diego Bay at 

4 
depths ranging between 3 and 16 m. All samples were analyzed to determine particle size 
composition and concentrations of various trace metals, chlorinated.pesticides, polychlorinated 

- biphenyl compounds (PCBs), and pdlycyclh a ~ h a t i c  hydr&arbons (PAHs). Sediment 
7 

a" contamination was widespread in the Bay, with many of the "contaminants of concern" previously 
3 

listed for San Diego Bay being present. These contakihints included the metals chromium, copper, 
'1 
? 

lead, mercury and zinc, the biocide tributyltin, the pesticide chlordane, PCBs and PAHs. Chromium, 

I copper, lead, mercury, zinc and PA& were found in more th& 70% ofthe sediment samples. 
contrast, PCBs and tributyltin were detected much less frequently (< 26% of samples), while 

n chlordane was not detected at all. Concentrations of various contaminants were evaluated using 
established sediment quality thresholds (i.e., ERL, ERM, TEL, PEL). Concentrations of nine metals, 
DDT and PAHs exceeded at least one of these thresholds.'Sites at'which multiple contaminants 

1 exceeded the thresholds typically had high percentages of fine sediments (i.e. > 60% fines) and were 
located near or within marinas or shipyards; this distribution pattern was similar to those described 
in previous studies. Overall, San Diego Bay had lower contaminant loads compared to the other nine 
bays and harbors sampled during BightY98, although certain contaminants occurred in relatively high 
concentrations in Bay sediments. San Diego Bay ranked among the top three of these embayments in 
average sediment contamination for only four contaminants: antimony, mercury, copper and PAHs. 
Additionally, the Bay ranked fourth in terms of PCB contamination, fifth for chromium, and sixth for 
zinc. Finally, San Diego Bay had lower levels of pesticides than any other embayment studied. 
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[ '  , 
I. 

Macrobenthic Communities ..", 

! 

Macrobenthic community stmcturk was "summarized for each of ihk 46 stations described above and 
i 

b' then compared to various environmental and sediment parameters (e.g., depth, percentage fines, total i 

i 
organic carbon, nitrogen, and several contaminants of concern). Additionally, ordination and 
classification analyses were performed to compare the similarity of the different assemblages present 

f 
in the Bay. Overall, 38,187 macrobenthic organisms representing 340 taxa were identified, of which 
polychaetes, molluscs and crustaceans were the dominant groups. Many taxa (> '27%), however, 

t 
d 

were composed of a single rare or unidentifiable individual. Non-indigenous species were kt 
7 

important component of the Bay benthos, comprising at least 18 species and representing about 24% [ 
o f  the total macrofauna. Two species of polychaete worms, the capitellid Mediomastus sp (likely a 
species complex) and the spionid Prionospio (Prionospio) heterobr'anchia, occurred at kll stations. 
Mediomastus sp was also numerically dominant, comprising 13% of all animals collected. The non- i I 

indigenous bivalve Musculista senhousia was the second most abundant species, followed by the 
sabellid polychaete Euchone limnicola. Hydrodynamic conditions such as tidal flushing appear to be F 

the primary factor influencing the distribution of iacrobenthic assemblagds or sub-assemblages : 

throughout the Bay, while anth.ropogen& irnbacts miy represents sec"$ndary factor. ' 

L C -  

! 
Most of the animals common in San Diego Bay were also pesent in the other'bays and harbors 

' a 
sampled during Bight'98. For example, many of the most abundant taxa in' San Diego.also occuri-ed 
i n  high numbers in the other bays. Likewise, widely distributed~species in San Diego Bay had' ! 

similar broad distributions in the other embayrnents. Differences among assemblages in all bays and : 

harbors, however, appeared to be due to multiple environmental and biological factors, including 
different hydrodynamic conditions, anthropogenic impact, and the presence of dominant, habitat I 

I 

altering species. 

. , 
1 .  

Demenal ~ i s h e s  and ~ e ~ a b e n t h i c  Invertebrates ) 

. . . < 

Demersal fishes and megabenthic invertebrates were collected by otter trawl at' 16 stations in San ' 

Diego Bay. Fish populations appeared healthy in the' Bay, with'no physical abnormalities detected on 
any fish. A total of 349 fish were collect~d from these trawls, representing 16 species. Each haul was 
small in terms of the total abundance aria diversity of fish. Dominant species that occurred ' 

frequently in relatively large numbers were the round stingray, spotted sand bass, 'barred sand bass 
and California halibut. Almost all of the California halibut and barred sand bass captured were ' 
juvenile fish, which supports previous findings that these two species use the Bay as a'nursery. ' 

A total of 1,172 megabenthic invertebrates, representing 43 taxa, were also collected in Sari Diego 
Bay. The bivalve Musculista senhozlsia was present in more than 70% of the samples, making it the 
most widely distributed trawl caught invertebrate in the Bay. Other common invertebrates that were 
present in at least one third of the samples included two undescribed species of sponge, Porifiera sp 
SD4 and Porifera sp SD5, the ascidian'~~icrocosmus squamiger, the bivalve Argopecten ventricosus, 
and the gastropod Crepidula onyx. Musculista senhousia and Microcosmus squamiger together, both 
non-indigenous species, accounted for over 50% of the total catch. 

2 
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and the gastropod Crepidula onyx. Musculista senhousia and Microcosmus squamiger together, both 
non-indigenous species, accounted for over 50% of the total catch. 

The most important factor influencing the distribution of trawl-caught fishes and invertebrates in 
San Diego Bay appeared to be distance from the entrance to the Bay. In general, the fish and 
invertebrate assemblages present in the central and soithem parts of San Diego Bay differed fiom 
those found near the mouth of the Bay. The species that characterized these central and southern 
areas in 1998 were typical of embayments in general. In contrast, assemblages found towards the 
entrance to San Diego Bay and in some of the other southern California bays and harbors (e.g., LA/ 
Long Beach Harbor) during the BightY98 project were typically characterized by species more 
representative of open coastal areas. , 8 

~ioaccumulatidn of 'cobtaminants in Fish Tissues 
3 . .  " .  ' , * 

Five species of fish were collected at 24 stations in San Diego ~ a i  and analyzed to measure the 
accumdation of contaminants in their tissues. ~ ' o l e ~ f i s h  samples of California halibut were 
collected at seven stations and analyzed for the presence of pesticides and PCBs. The contaminant 
levels present in fhese fish were cornparedto tho.se found in2whole halibut samples fiom the other 
southern California bays and harbors, as well as to predator'protection limits for mammals and birds. 
Samples of muscle tissue were also collected'from 'halibut.and four other species of sport fish (i.e., 
calico bass, spotted sand bass, barred sand bass, yellowfin croaker) at thexemaining 17 stations in 
the Bay. These muscle tissue samples were analyzed for the presence of metals,~pesticides, and a 

PCBs, and the results were then compared to human health consumption limits. 
' I > 

All whole fish samples of ~alifornia halibut collectid in San Diego Bay during 1998 contained 
detectable levels of PCBs and DDT. Concentrations of PCBs exceeded the predator protection limits 
for mammals, while DDT concentrations exceeded,the protection limits for both mammals and birds. 
Overall, San Diego Bay ranked fourth out of the five southern California embayments sampled for 
whole fish in terns of total DDT. The Bay ranked first in terms of total PCBs with the average 
detected value in San Diego Bay halibut being a magnitude higher than in fish from the other bays 
and harbors. 

Muscle tissues contained many of the 'contaminants of concern' previously listed for San Diego 
Bay. For example, PCBs and the metals mercury and zinc were detected in almost all of the muscle 
tissue samples, while the other contaminants of concern occurred much less frequently or not at all 
in Bay fishes. Of the metals and pesticides for which thresholds are available, chromium and arsenic 
exceeded human health consumption limits in only a single sample each. Overall, PCB 
concentrations were very high in the muscle tissues of San Diego Bay fish, especially when 
compared to species of flatfish, rockfish and sand bass sampled off the outer coast of San Diego over 
the past several years. 
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SUMMARY 

Contamination remains widespread in San Diego Bay sediments and affects the tissues of various 
species of fish that are subject to human consumption. Contaminants previously identified to be of 
concern in the Bay, such as chromium, copper, lead, mercury, zinc, PCBs and PAHs continue to be 
present at levels that exceed one or more sediment quality criteria thresholds. This is particularly 
true for sites where the percentage of fine sediments is high. Such areas are typically located near or 
within marinas or shipyards where currents are less strong, .and where various physical structures 
reduce tidal flow or create eddies that allowsuspended particles to settle. Several of these ' 

contaminants also occurred in relatively high concentrations in the tissues of fish fiom the Bay. For 
example, mercury, zinc, PCBs and DDT occurred in over 80% of fish tissues, and both PCBs and 
DDT exceeded at least one of the mammal and bird predator protection thresholds. 

8 I , , , >  . ' ,  ( 8 .  

Long-term trends in sediment and fish tissue contamination were difficult to determine for San 
Diego Bay due to differences between surveys in analytical methods (e.g., procedures and 
equipment) and species of fish analyzed. Such-differences often-preclude the direct comparison of I 

data froin one survey to the.next. In general, however, the overall level of contamination in the Bay 
appears less than in previous decades. For example, cbncehtraticilis of copper, mefcury, tin, 
tributyltin and PAHs were flower in the sediments in 1998 than in previous studies. Additionally, 
contaminant loads of DDT,,mercury and selenium in fish tissues were also less in 1998. In contrast, 
arsenic levels in fish tissues were slightly higher in '1998 ,than in previous' surveys,-while 
concentrations of chromium remained about the saine. Finally, the absence of &y evidence of fin 
erosion in fishes also suggests that conditions have generally improved since 1984 -1988 when the 
prevalence of fin erosion in black croaker and barred sea bass was relatively high. 

Species of both macrobenthic and megabenthic invertebrates as well as bottom-dwelling fishes 
encountered in San Diego Bay were similar in 1998 to those reported previously. The composition 
and structure of these assemblages typically varied with distance from the entrance to the Bay, and 
these differences generally paralleled ldcal hydrodynamic conditions. Anthropogenic impacts, 
including the deposition of contaminants and the presence of invasive or non-indigenous species, 
may represent a secondary factor that influences the distribution of assemblages in the Bay. 

The results of the 1998 survey of San Diego Bay provides valuable data against which future 
changes in fish and invertebrate communities may be measured. However, an appreciation for the 
implications of non-indigenous 'species such as the bivalve hlusculista senhousia will be vital to any 
changes that take place in these communities.  inal all^, since impact assessments require thorough 
knowledge of thernatural processes that influence community structure, further investigations into 
the relationship between hydrodynamics and resident fish and invertebrate assemblages will be 
central to the proper management of a healthy ecosystem in San Diego Bay. such studies will 
provide a more detailed understanding of this unique and valuable ecosystem, upon which to base 
future management decisions. 
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Chapter 1 

; 
! General Introduction 
1 
72 

San Diego Bay is one of few na.$ral deepwater harbors on the Pacific Coast. The Bay is located in the 
7 Southern California Bight (SCB) just north of the Mexicadunited States border, and is sheltered by 

the overlapping peninsulas of Point Loma and Coronado. San Diego Bay is an important commercial 
port that accommodates substantial military holdings as well as a commercial and recreational fishing 

2 
,; fleet. San Diego Bay also harbors several important natural resources, including salt marches, tidal 
.t flats, bird nesting and foraging sites, and essential fish habitats such as eelgrass- beds. These natural 

resources are primarily located within two National Wildlife Refuges, the Sweetwater Marsh National 3 
5 
4 

Wildlife Refuge (316 acres) and the South San.,Diego Bay National Wildlife Refuge (3,940 acres). 
Nine federal and state listed endangered or threatened species are found in various habitats scattered 

2 about the bay (Port of San Diego 2003). 
,$ 

In 1987, the San Diego Bay Interagency Water Quality Panel (Bay Panel) was formed to gain a better . 

P understanding of the environmental conditions of the Bay (San Diego Bay perspective 2003). This 
4 legislation was designed to encourage agencies responsible for stewardship of San Diego Bay and its 

resources to coordinate their efforts and to provide technical information and advice to the San Diego 
a 
4 Regional Water Quality Control Board (RWQCB). The Bay Panel was composed of 31 member 

organizations, including federal, state and local organizations such as the National Fish and Wildlife 

is 
Service, the County of San Diego Department of Health Services, the California Department of Fish 

'; 
r and Game, the United States Environmental Protection Agency, and so forth (see San Diego Bay 

Ax Perspective 2003 for complete list of agencies). Some of the goals of this panel were tocharacterize the 

:n *I 
state of San Diego Bay, identify long term trends within the Bay (e.g., trends in sediment contaminant 
levels), and to address public concern about the exposure to contaminants from eating fish captured in 

.D the Bay. The mission of the panel was passed on to the RWQCB when the Bay Panel disbanded in 
- 1997. 

d 
1- 

This report was created in accordance with a memorandum of understanding between the.RWQCB 
and the City of San Diego designed to address the interests of the Bay Panel using data collected for 
San Diego Bay as part of the Southern California Bight 1998 Regional Monitoring Project (BightY98). 

1 

Bight'98 was part of an effort to provide an integrated assessment of the SCB through regional-scale 
EMAP style stratified random sampling (see BightY98 Steering Committee 2003). h addition to 
addressing the Bay Panel's interests, the results of this study are put into context with the U.S. Navy's 
Integrated National Resources Management Plan for San Diego Bay (USDON, SWDN and SDUPD 
2000), a recent publication that provides a historical review of data collected in San Diego Bay. The 

.-- Navy's Management Plan outlined several "contaminants of concern for the San Diego Bay Region," 
which included chlordane, chromium, copper, lead, mercury, tri-butyl-tin, zinc, polycyclic aromatic 
hydrocarbons (PAHs), and polychlorinated byphenols (PCBs). The report also describes several sources 
for these and other contaminants, and includes a thorough biological assessment of the flora and fauna 
of the Bay (e.g., macroalage, eelgrass, plankton, invertebrates, fishes, birds, marine mammals). 

5 
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i .  

Introduction F? 
Each of the 'major sampling components of the BightY98 survey wasqused to characterize the state of \ :  . - 
San Diego Bay. These components include sediment particle size and chemistry characteristics (Chapter 
2) ,  macrobenthic invertebrate communities (Chapter 3), trawl-caught fish and megabenthic invertebrate ""-, 

t ' 
communities (Chapter 4), and contaminant levels in fish tissues (Chapter 5). A swnmary of parameters . i 

C .  

and stations sampled is listed in Appendix A.4. Sediment toxicity samples were also collected by the 
City of San Diego during the course of this survey, but the Southern California Coastal Water Research rsq 

1 ; ;  
Project (SCCWRP) analyzed these samples. All of the sediment toxicity results for BightY98, including T 2 

an evaluation of samples from San Diego Bay, are reported in the Bight'98 Sediment Toxicity Report 
(Bay et al. 2000). !: c L t 4 

The study herein is unique in that it includes the first random survey of fish and invertebrate populations r.: 
in the Bay, as well as an assessment of contaminants in the tissues of fishes in order to address human : .? 

I i 
'health concerns and ecological impacts (e.g., muscle tissue +s. whole fish saeles) .  Finally, this report 
also provides the first comprehensive cornp&son of cobditions in San Diego Bay to other bays and % 
harbors in the SCB due to the incorporation of data for these m a s  that were collected at the same time 1: cd 
using the same sample design (i.e., Bight'98 data)., 

p 
t% 
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r Sediment .Quality 
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% - L* . , 
i 
< INTRODUCTION , . 

? .  " ( 3 .  

' - 1  ,, Z , 

2 The quality of sediments in San Diego Bay has historicalli been altered by hum& activity (USDoN, 
SWDIV and SDUPD 2000). Major anthropogenic disturbances have included ,the removal and 

- 
'? displacement of sediments by channel dredging, and the direct input of ~ewage~~industrial wastes and 

' 

2 
j pesticides. For example, the'use and.dispoial of p&trblhh product<(e.g., oils, paint sludge; diesel fuel, 

$Id creosote) throughout the Bay intioduced~high~levds of polyc~clic aromatic hydrocarb<*sg(~&s) , ,,.. L , e 

2 
! 

into the sediments. Moreover, various nietils have &en rkleased to the water and sedihents through the 
2 leaching of hull paints, and,fiom h e  'dispdsal of industrial wastes. 

, - 
I 

, . b . , ' ,  
f , Many of the above contaminants have accumulated within shipyards and rnaiinas where fine sedimknts 
r! accumulate. Fine particlks tendXt6 sorb ind trariiiort bidlqgiial wastes; organic chemicals, gases, 'and 

oiher pollutants because-bf .&ki chemical makk-up ,and bhyiical strubture-(i.e.,.&gh surface area per - 

: unit weight volume) (Manah& 2000). Consequently, elevated leGels of:pollutants are often correlated 
3 with the distribution of fine sedinii,nts. Sediment distribution within bays is, in t&, affected by a . 

R 

' 

complexity of factors, such as tidal-influence, cuirent velocity, sedimentary input, the presence (or 
a\ 

5 
absence) of large structures (e.g., piers or docks), chain14 dredging, and breakwaters (USDoN, SWDIV 
and SDUPD 2000). .The analysis, of contaminant 1;ad'as well as the percentages of silt and clay provides 

-C use'ful information on sediment:conditions, which:in turn, influences the distributidn of organisms , 

? 1 /  . 
living within the bay. 

This chapter presents summaries and analyses of sediment grain size i d  chemistry data collected in 
I San Diego Bay in conjunction with the Bight798 regional survey. The major goals of this chapter he to 3 

describe the physical sediment characteristics within thi Bay, and to assess overall sediment quality 
3 with respect to the presence and distribution of various chemical contaminants. In additioncthis chapter 

presents a comljarison of sediment conditionsCin ~an'Diego Bay toathose of other bays and harbors 
sampled during Bight'98. 

MATERlALS & METHODS 
! . , 

Field Sampling 

Sediment samples were collected at 46 randomly selected stations within San Diego Bay during July 
and August of 1998 (Figure 2.1). The stations ranged in depth from 3.0 to 15.6 m and encompassed an 
area extending from the Ballast Point Naval Facility,at the bay entrance to the Coronado Cays Marina 
located in the back region of the Bay. Samples for sediment chemistry and particle size analyses were 
obtained using a modified 0.1 m2 chain-rigged van Veen grab. These samples were taken from the top 2 
cm of the sediment surface and processed according to procedures described in the Bight'98 field 
manual (FSLC 1998). 

I * . . 
7 



Figure 2.1 
Benthic sediment stations sampled in San Diego Bay during 1998. 

8 
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7 I 

Analyses of sediment grain size and the presence of chemical constituents were performed by the City 

i 
of San Diego Wastewater Chemistry Laboratory, the City of Los Angeles Hyperion Wastewater Laboratory, 

5 

!' 6 
and the Southern California Coastal Water ~esekchw~;oject. Each sediment sample was analyzed for 
the presence of two indicators of organic loading, 18 metals, 24 polycyclic aromatic hydrocarbons 

T (PAHs), 41 polychlorinated biphenyl compo&I i (~~J3s ) ,  a biocide, and 28 chlorinated pesticides (see 

E Appendix B.l). Details of the analytical techniques employed are available in Noblet et al. (2002). 
Samples for grain size analysis were first sieved through a 1 :0 mm mesh screen in order to separate the 

y coarse arid fine sediment fractions. The fraction of cosirse sedherits (e.g:, coarse sand, gravel, and shell 
hash) in each sample was determined by measuriigthe weight of particles retained on the sieve (i:e., >O 
phi), and was expressed as the percent wiight dftiie'totaJ s&nph. ~nklysis of the fine fraction was 

3 performed using either: (1) a Horiba LA-900 lase; analyzii, which measures parhcles from zeio to1 0 
4 phi in size (i.e., 1.0 - 0.00098 mni in'dianietkr);-6; w a  Cdultkr LS210 partitle kizk arialyzer that 

measures particles from -1 to12 phi (i.6.,2.0 L 0:00024 mni' in diameter). Sand was defined as all 
I 
'i particles ranging in size fioA zero to 4.phi, while'fiie sediments indluded all pkticles > 
2 1 ,  L ,  8, * < "  ' L .  , , 1 7 -  ) 

l 1  I 1 Data Analyses ' 
) . ". 

t , ,  - . \ . . >  * ,  
? ,  ". , , , '  

I Sun Diego Bay 

The sediment grain size composition at each station was characterized by c&.datingmediaiisrid hean 
il phi size; the sorting coefficiedt-(i.e, stahdard deviati&)), band 6 e  p6rcent fines (i.e'., percent of silt and I 

1 
9 

clay combined). Most of these parameters wgre caliulated using the normal probability scale described 
7 by Folk (1968) based on whole phi sizes, 'howeveri@erie;t-fine %re' calcqated hing~half pki.i.sizes. 

i 
I 

I Patterns in the sedimknt chemical compositioh'wiie analyzed uiihg area means'and quartilk plots 
i 
j 

generated for the following phameters: total ktroged (TN], total organic carbon (TOCJ,'metals, P M s ,  1 
PCBs, and pesticides. The concentration of mahy of these cbrnpounds, however,' fell below laboratory 

I 

2 me'thod detection limits (MDLs). Any concintration , . ieported at less than the MDL was set to,zero for 
the calculation of mean values. In contrast, such Lohcenbibons were ohitted from ihe ranks. Co- 1 i 

:> variance among the above parameters was'tested using Peaison correlation coefficienfs. Levels of I 

P r; 
c4 sedi&ent contaminationin San Diego ~i~ wire f u t k r  evaluated bycomparing the results of tliis study 

to several previously established sediment quality guidelines. These guidelines include the Effects Range- 
< 

Low (ERL) and Effects Range-Medium (ERM) of Long et al. (1 995), and the Threshold Effects Level 
(TEL) and Probably Effects Level (PEL) of MacDonald (1994). 

i Comparison of San Diego Bay to Other Embayments 
B Sediment samples were collected from 114 stations distributed among nine bays and harbors during 
- BightY98. From north to south these embayments were Ventura Harbor, Channel Islands Harbor, Marina 

- Del Rey, Los AngelesLong Beach Harbor, Anaheim' Bay, Newport Bay, Dana Point Harbor, Mission 
Bay, and San Diego Bay. Differences in the sediment cpnditions among these embayments was evaluated 
by comparing particle size composition (i.e., percent fines) and concentrations of TOC, TN, various 
metals, total PCBs (tPCBs), total PAHs (tPAHs), and pesticides (i.e., total DDT, chlordane). Means, 
standard deviations, and confidence intervals were determined for'each'sediment chemistry parameter 
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that was detected. In order to address the inherent differences in analytical techniques and instrumentation 
among the 11 participating agencies, the highest MDL for each chemical constituent was used in all 
inter-bay comparisons 

r / 

RESULTS 1 

, . : .  9 

, San,DiegoBay 
, ' ,  , 

Sediment Grain Size 
The percentage of fine sediments at a station in San Diego ~ a y  ranged from 10 to 9 I%, with the median 
phi sizeLrahging between 2.3 and 6.0 ( ~ b ~ e n d i x ; ~ . ~ ) .  Sites . . > ,  with ;he . ,  highestbercent fineS&ere usually 
located near 0r.with.n small boat marinas . +. , oiihipy&ds ". for 1arge.vessels ( & m e  2.3. ~hese,include , g o  

< sites near Naval ~tphon - a  San . Ijiegb.(stations , . ,  2257,kk4),'Lne , hte .. ne'& . !he 1 ohLvenue ~ G i n e  . . ~e rmin i l  
(station $251), three sites within ~hel ier  Islapd ~ a c h t ~ a s i n  (stations . I , _  . 222,2223,2226), and ,two sites 
near Naval Subm4ne Base San diego, lo-catkd atBall&t Point near the mouth of the Bay (stations 
2441, 2442). The fmest sediments occurr~d' at station 2226 $thin the Shelter Island Yacht   as in.^ 
contrast, the coarsest sediments were typi~ally found most at sites in the middle of the ~ a y . X h  exception 
to this pattern occurred at station 2230, which isan exposed area located along the east side of Coronado 

,, . , 
Island, where the coarsest sedikents were found. 

, - 
Indicators of Organic Loading , , , . 

. The concentrations of total h o g e n  (Ti\i) and toid organic carbon (T,OC)in.San ~ i & o  ~ a y  sedi&:its 
ranged from about 0.03 to 0.24% &d:0.20 . , . r .  to 2.01%~ respectively ( ~ ~ b e n d i i  B.2;Both indi'?ators were 
strongly correlated.with each, otder(r = 0192, p<0.05) and had similar patterns of distribution within the 
Bay:   on cent rations of TN and ~ 0 c k e r e  also itiongly iorreiatkd with percent fineses(r = 0.85, p<0.C$), 
and their distribution patterns were, consistent with that desciibed abovd for percent finks (see-~igure 
2.2). The highest concentrations of both TN and TOC were-found at one.biti near the southeast e%ance 
t o  Las Chollas Creek (i.e., station 2264), one dtk near the 1 Oth ~ v ~ n u e  ~ a r i n e  Terminal (i.e., station 
225 I), one site in the Shelter Island Yacht Basin (i.e., station 2226), and at t y b  sites nek~ava l~ubmar ine  
Base San Diego where stork drains ana a bait barge are located (i.e.,,stations 2441,2442). The lowest 
concentrations of both organic indicators were located primarily within th; central poitions of the Bay 
where channel dredging has occurred. , " .  

Metals 
Metal contamination was widespread in San Diego ' ~ a ~  sediments, with every station containing 
measurable quantities of at least 15 different metals. Antimony and thallium were detected at less than 
half the stations, and tin was not detected at all (Appendix B.3). 

The highest concentrations of metals were found where fine sediments were dominant. These included 
sites near Naval Station San Diego (i.e., stations 2264, 2257, 2258) md within or near small boat 
marinas and commercial piers (i.e., stations 2222, 2226, 2263, 2251). The concentrations of several 
metals (i.e., aluminum, arsenic, barium, chromium, copper, iron, manganese, nickel, zinc) were strongly 
correlated with the percentage of fine sediments (r = 0.7, p<0.01). Aluminum and iron are naturally 
occurring elements in silt and clay bearing minerals and are considered to be normalizers. Normalizers 
can be used to account for natural mineralogical variations and provide baseline relationships with 



~ u a r t i l e  distributions of ~ e r c e n t  fine sediments  for .Sari Dieno Bay during 1998. 
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Table 2.1 t a* 

Summary of sediment contaminant loads for San Diego Bay during 1998 compared to available sediment =,x screening criteria developed by the State of Florida (TELIPEL: MacDonald 1994) and NOAA (ERLIERM: 1 :  
Long et al. 1995). N = 46, except for cadmium and silver where n = 40; % Exceed = percent of detected L + 

values that exceeded threshold values (N). 

. 7  

itj 
- ,  4PAH tDDT Metals ( D P ~ )  14 

As Sb Cd Cr Cu Pb Hg Ni Ag -Zn ( P P ~ )  (ppt) 
Fq 

# Detected 46 19 38 45 46 46 45 44 36 46 34 7 c r-2 6 

TEL 9 
0 24 ' 196 43 91 32 22 59 21 . 14 

1 ,I %Exceed 35 - > 1 
EG 

I .  CN) 7.24 na 0.676 52.3 18.7 30.24 0.13 '15.9 0.733 124 1684 -3890 
, :i t" " 

ERL L - _  

g 
I * 

,%Exceed 22 100 , '  0 0 9 1 17 91 2 11 39 9 57 Ld 

CN) 8.2 2 1.2 ' 81 34 46.7 0.15 20.9 1 150 4022 1580 3: 
, , h r 

b' I 

PEL $is 

%Exceed 0 - 0 0 35 2 9 , O O  4 0 ' 0 
a CN) 41.6 na 4.21 160.4 108.2 112.18 0.7 42.8 1.77 271 16771 51700 @?! 

I 
.k L 1  . +i 
b* 

ERM 
%Exceed 0 100 , 0 0 '0 0 9 . O  . 0 , 2  0 0 8 .  

gv) 70 2.5 9.6 370 270 218 0.7 ' 51.6 ' 3.7 470 44792 46100 Ci 
a .  

which to assess metal enrichmdnt (Schiff and Weisberg 1998). In this s&eyY8the r k g e  of concentrations f r .  

of iron and aluminum within the bay had siriiilar distributions t i  most of the other metals. i; 
t.1 

Fairly et al. (1996) concluded that five metals (i.e., chromium, copper, lead, mercury, zinc) should be 
considered contaminants of concern in San Diego Bay based oi'their concentrations in sediments or 

F, 
b 

their potential for causing detrimental effects. Stations with the highest concentrations of these five 
metals occurred near naval shipyards and marinas (Figures 2.3-2.7). ~oppei~mercury, and zinc weie the 

a- * 

most prevalent of these metals in the ~i~ and also occurred in the lughest concentrations. i 

Four sediment quality criteria (TEL < ERL < PEL < ERM) were available for 10 of the 18 metals listed 
r 
i 

in Appendix B.l (see Table 2.1). Of these metals, all except cadmium were detected h concentrations I 

that exceeded at least one of the four sediment quality criteria thresholds. ~xceedences of the lower- I 

level criteria (i.e., TEL and ERL) ranged from 22% to 96% and from 2% to loo%, respectively. Moreover, 
many stations contained concentrations of metals $at exceeded ihe ~ELIERL for,.three or more metals 
(Table 2.2). Two metals of conce'm, copper and mercury, exceeded these criteria at over 90% of the 
sites. Fewer metals exceeded the higher level PEL and ERM screening thresholds at which toxic effects 1 
are likely (Table 2.1). For example, the PEL was exceeded by copper, lead, mercury, and zinc in 2-35% 
of the sediment samples, while the ERM was exceeded by antimony, mercury, and zinc in 2- 100% of 

I 

the samples. Although antimony was detected at less thap half the stations sampled, it was found in 
relatively high concentrations (i.e., >5.0 ppm) that exceeded the ERM 100% bf h e  time. 

i 

, i 



Figure 2.3 
Quartile distributions of chromium concentrations (ppm)>for San Diego Bay during 1998. 
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Fiaure 2.5 - 
Quartile distributions of lead concentrations (ppm) for San Diego Bay during 1998. 



Figure 2.6 
Quartile distributions of mercury concentrations (ppm) for San Diego Bay during 1998. 
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f1 
~ o ~ c l i c ~ r ~ n r h t i c  HydrocarbIbhs (PAiG'"' - ' , - t J 

PAHs were detected in the sediments at 34 of the 46 stations sampled in San Diego Bay. Total PAH 
concentrations ranged from 16 to 10,768 ppb, with the highest concentrations occurring primarily within 
naval installations and large shipyards (Figure 2.8, Appendix B.4). For example, the highest concentrations p t! P 

were found'in sediments located near the naval submarine ,station at Ballast Point (i.e., station 2442) 
and within the naval shipyard for small vessels in ~ l o r i e t t a ~ a ~  (i:e.,;station 2254). In contrast, h e  c: 
lowest PAH concentrations generally occurred in sediments in open areas of the Bay ~ki re~t ida l  flushing i: 

is relatively strong. This distribution pattern is similarto that s h o w  for both fme sedi.pent&&d met&. 
In addition, most stations that exceeded the lower-level ERL and TEL ~edirnent.~&-eenii& ihreshdds C1; , .  , ( 

for tPAH occurred among naval facilities or small boat marinas (Table 2.2). 5 I 

p Polychlorinated Biphenyl  ohp pounds (PCB;) : I >  

PCBs were detected in sediments at 12 of the 46-stations sampled. These stations were located bri&srily L 
in large shipyards, naval facilities, &d along downtown \izkerfrohts (Figure 2.9): T O ~ ~ : P C B  lkiFls 
ranged from 1,500 to 123,800 pit  .(Appendix B.5). The highest concentrations. were 'fdgd:kea;' the l! 

1:: 
NASSCO shipyard (i.e staiibn2253), the mouth of Las ~hollas '  ~ r i e k  (i.e., station 22641, and' in 
Harbor Island East Basi;%ar fie mouth of ~bnvair   asi in, a P'CB toxic cle&ip site (i.e., station 2439). 

% L. ,'; , * b . < 

q 
,.> . I . , l r  

4 $L.b+ k 
The levels of PCB dontahiriation reported during thi's survey wke'less than those,detected previoi.kly 
for San Diego Bay.(e.g., ~ a i r e ~ . e t a l .  1996, USDoNrS WDJY a n d . ~ ~ ~ P ~ 2 0 0 0 ) :  ,e,apparent decline 
in reportable values may reflect difference6 in the .mehods used $0 q u a h t i f y ' ~ ~ ~  levels rather thsh an 
actual reduction of PCB contamination in theiBay. Factors that.may affect MDLsVand reported PCB 
concentrations include: (1) Sqple'size ilargei sampl& pioduce Ggbkr'con6entra6ons bf target analytes; f 
increasing the potential fdr detectable qktntiti&; (2)'Detection limits used to qualify data - a P<acticiil f! 
~uantification ~ i r n i t  produces'fe&er detected values and false positives than a statidtical Quantification 
Limit; and (3) Tertiary Mass spectrometry (TMS) confmation - a third level of qualitative confirmation $ 

that differentiates between yarious congeners but with less sensitivity than tlie primary and secondary u 
Electron Capture ~etectors ( E ~ D ) .  ~kcause PCB congeners are particularly vulnerable to false positive 

I 
readings due to the regularity of their molecular weight ahd structure, city of San Diego staff used TMS 
to confirm each *esult 'that indicated the detection of a specific PCB on the two ECDs. The t&et i 
analyte*in question must have been above the'detection limit of the TMS to be considered a reportable 
value. The use of TMS to confirm the presence of each detected PCB likely created thi dis&epancy in ! 

i 
reported values between this and previous San Diego Bay surveys. Never-the-less, data reported herein 
are consistent with patterns of contamination found in previous studies r .  (e.g., SAIC 1998). 

I 

Pesticides and Biocides 
DDT was the only pesticide detected in San Diego Bay sediments in 1998. It occurred at only seven of 
the 46 San Diego Bay stations. Total DDT (t-DDT) concentrations ranged from 780 to 7,300 ppt 
(Appendix B.6), and four stations exceeded the lower level ERLITEL sediment screening criteka (Tables 
2.1 and 2.2). These four sites were in the central portion of the Bay located near the NASSCO shipyard 
(i.e., station 2253), Las Chollas Creek (i.e., station 2264), Naval Station San Diego (i.e., station 2255), 
and near the Naval Amphibious Base at Glorietta Bay (i.e., station 2242). The station near the mouth of 
Las Chollas Creek had the highest t-DDT concentration. Chlordane was not detected in any sediment 
sample during the 1998 survey, although this pesticide had been considered a contaminant of concern 
(e.g., Mearns et al. 1991, Fairey et al. 1996). 

18 
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The biocide &butyltin (TBT) was detected-in skdiments at  sites* S h  Diego.Bay. These 1 - 
included a concentration of 89 ppt at station 2222 in the Shelter Island Yacht Basin and a value of 160 
ppt at station 2253 located near the NASSCO shpyard. TBT is the active agent of antifou1ing"paints I?, 

z " that degrades naturally into tin, a metal that was not detected in any of the bay sediment samples. I : A - 
Comparisons of San Diego Bay to Other Embayments i ti9 

! '[ 
Generally, the sediment sites in San Diego Bay grouped consistdntl&ith sites located inother bays and : a 

harbors fiom the southern portion of the ~ o u t h e i  California Bight (SCB) (i.e., Orange and San Diego 
counties). These southern embayments, with the exception-of ~ e w ~ o r t  Harbor, ienerally had lower ~2 

j, i 
levels of organic indicators and lower concentrations of contaminants than the more northern embayrnents in 

of Los Angeles and Ventura counties (Table.2.3 and Appendix B.7). The lower contaminant loads may 
reflect the fact that these southern .sitesXcdntained fewer fine particles. For example, San ~ i e ~ o  Bay, 1": : - 

$3 
Mission Bay, Anaheim Bay, and Dana point  arbor avefiged less than 60% fmes and hid q e  lpwest 
overall concentrations of metal &d p'estic?dei. In contrast,'all ofthe morernorthe& bay<a&lah$rbors 
averaged over 60% fme~~articies and &ere first or second in average concentration'f0r~al1~19~re~orted 

$ J :  'iJi 

contaminants. Nonetheless, San Diego Bay had the highest mean value for antimony, the second Gghest 
value for mercury, and the third highest value for copper. The hiihest valces for tPAH %re fo t id  in 'i.p iii' 

Mission Bay, followed by Los kigeles /~oig '    each ~ a r b b r ,  S& Diego Bpy, +d Anaheim Bay. All : .. 
&: 

contained mean values aboie 1 , 0 0 0 . ~ ~ t  &tk individual~i.alues that ,$ickedea'the TEL sediment kcfsening 
criteria. San Diego Bay ranked fourth in PCB ~ontamikition, below LNLB Harbor, Marine del Rey, 5-c 

and Newport Harbor. Finally, San Diego Bay had the lowest overdl pesticide L contamination. -. -DDTlwas & 
the only pesticide detected in San Diego Bay and the average t~b~,concentrat iol is  were well'below 
those of the other bays andAharbors. The highest concentrations ; ~ ~ D D T  in sediments were f o k d  in 

i , 
Ventura and Channel Island Harbors, while total chlordane was highest in Chadel  Island Harbor and t i  

Marina Del Rey. However, thesabsence of chlo'rdane from San Diego Bay sediments may have resulted 
P 

fiom differences in analytical techniques and instrumentation employed by the various laboratories. $ 

For example, the MDLs for chlordane-a among agencies participating in the Bight'98 survey were 14 L. 

and 7.6 times higher in Los Angeles County and San Diego Laboratories, respectively, than those 
established by the Orange County Laboratory. I 

L 
, 

6 

SUMMARY &,DISCUSSION : ci 

The results of the 1998 survey for sediment particle size and sediment chemistry suggest that the'highest 
levels of pollutants in San Diego Bay were widely distributed among commercial shipyards, naval ! 
installations, and small vessel marinas where fine sediments were often most concentrated. The.potentia1 
for fine particles to sorb contaminants, and settle in areas of reduced water flow, such as shipyards and 
marinas, may explain this pattern. For example, st'ations.with the greatest number of contaminants that c 
exceeded recognized sediment screening criteria (i.e., TEL/PEL, ERLIERM) tended to have the highest 
percentage of fine sediments (i.e.;L 60% fines) (Figure 2.10). 

The distribution of fine sediment particles appears to reflect, in part, the circulation patterns within the 
Bay (see Sutton 2002). Fine particles were more prevalent in shipyards and marinas where currents 
were less strong and the presence of various stnictures reduce tidal flow or create eddies-that allow 
suspended particles to settle (Knox 2001; USDoN, SWDIV and SDUPD 2000; USGS 1994; Valkirs et 
al. 199 1). In contrast, coarse sediments were most prevalent in the central portion of the bay where tlie 
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Table 2.3 i~ 

Comparison of various sediment grain size and sediment chemistry parameters among the nine bays and 
harbors sampled dur~ng Bight'98. 

Ventura Channel Is. Marina LAlLB Anaheim-Newport Dana Pnt Mission  an-~iego 
Harbor Harbor Del Rey Harbor Bay Harbor Harbor Bay Bay 

N 1 3 7 36 3 11 3 ,3 46 

%Fines , . 

,Mean 87 A 81 69 ' 7 1  59 7 5 4 8 39 52 
95% CI - 8 10 6 3 8 12 ,25 34 6 

%TN 
Mean 0.176 0.202 0.125 0.110 0.129 0.130 , 0.097 0.168 0.102 

95% CI - 0.075 0.024 0.014 0.091 0.032 0.051 0.161 . -  ' 0.013 , 
" - . / 

%TOC , ., , , 7 .  
r .  

* a 1  , -,+ .' !: 

' Mean 1.736 2.085 1.529 ' 1.429 1.75~. 1.323 0.927' 1.626 : 0.987 , 

,95% CI A - . , 0.795 ,0.29,1> . ,>0.24+6 ,I .456:,'!, 0.274 :$:489;,, 1.897;:;;-" : -0.341 ,,;A 
< . I  

I 
X I  , <  .I 4 

~ e t a l s  (ppm) , 8 j 1  , ! -  , ;,. , 3 - , l a  

chromium + - : a  . , -  , . ) ,  I , t  . a +  P r i  , I  . , / j . ,  
1 

- L  
> ' 

%Detect 100 100: , $  100 . 100. . l o o , ,  100 100 ;* ,981 ' i  ' 

Mean 38:O 43 .5"  . 46.0 r :,53.9:, 22.4. 51.6 ,33.1 .19.4 , A )  39.8 
. ' - ~ & C I  -' . 5.0 , : . 13.3 6.3, ' 14.1:.' , 9.4 : ,, 1~6.4 , ,17.7 4.6 

" .  / ,I 
^ 1- i , - % I,,',. ; C , I  

i ?. 

cobper - _  I - %  s 

x ~ e t e c t  100 ' 67 ' ' ' 100 92 100 '~ .: - .  "100 : 100 ' - 100 - 100 
Mean 131.0 ' 63.3 '171.9 7 1 3  4871 " ,52.4 85.3 34.1 95.7 

i: ' .  '95%CI -, 
I (  65.0 ' 76.0 12.2' . 36.2 ,, . '28.2 ) ;  104:3 .50..l - 17.3 

. < t  ".' . , . 
b ? Mercury , ) ,  . , _ . ,, I ,.. ",,, 2 .' " .  . , , '  - c \  I . *  1, 1 . 

- 2  J 

*%Detect 0 1 0 0 .  ' .  86 r 8 9  , 3 3 . . ' ~ ~ . 1 0 0 _  , { ,  l o o ' ,  . .67  .' I 98.. 
.Mean - 0.063 0.567 0.283 0.271 ' 0.028 0.056 0.415 

,,95%CI - 0.01 8 0.276 0.076 - 0.288 0.020 0.028 0.088 
Zinc ;" . . 

' /o~etect 100 100, ' 100 100' 100 100 ""IOO TO 0 100 
' Mean 205' - 1 5 4 '  . 245 "153 *179".'~ ' 145' ' 1 0 4 -  '65 ' '148' 

' . 
95%CI - ' 5 7 7 6 '  23-  ' 1 3 0 '  . 3 9  77 . 69 2 1 

. . 
~ o t &  PAHs (ppb) ' 

%Detect 100 '100 . 100 ' 97 I 00  9 1 100 3 3 74 
Mean 177.6 '389.7 675.5 1541.8 1101.8' 832.2 121.2 2291.3 '1283.8 

95%CI - - 156.9 374.4 "817.1 1022.5- 390 .0 '  66.8 ' - 722.7 
$ 9  . , 

Total PCBs (ppt) 
%Detect 100 6 7 100 94 100 100 ' 100 0 26 

Mean 2.1 4.3 80.6 55.2 18.0 27.2 14.3 - 23.4 

95%CI - 2.9 40.4 27.0 16.8 20.9 21.5 - 19.4 

current flow is high and dredging is practiced regularly. A review of the cumulative history of dredge 
and fill activity in the Bay showed that those stations with less than 36 percent fines were located within 
areas of the bay where dredging has exposed sandier sediment layers,(USDoN, SNDIV and SDUPD 
2000). 
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.Figure 2.10 
The number of instances per station that (A) TEL and (B) ~ ~ ~ k e d i r n e n t  screening criteria were , exceedid' I.- 
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Metal contamination in San Diego Bay continues to be widespread. ~ v e j  statidn had ,meaS&able 
quantities of at least 15 metals, and many stations exceeded the lower level sediment quality thresholds ' 
for multiple metals. copper, mercury, and zinc wkri themost pi& dent metals of concern &dkequerhly 
exceeiled available sediment quality guidelines. &timony, iithough not bbnsidered a c o n t d i p n t  of 
concern, is associated with shipy&d'activity (i.g.,:dider, metal bearinis &d castings, a'&gsi%s)-and 
exceeded the more stringent E K  ~ediment~threshdld 400% .of.the time. The contamination-l&els 6f 
some metals appears to. be in deiline, however. For example, although+tin has been fo&d;in.high 
concentrations in San Diego Bay.(Mearns et.al. 1991), it was not detected in any sedimkntlsarnpl-es 
collected in 1998. Additionally, San Diego Bay had the third highest average copper concentratiox&in 
the present sbldy in spite of being lided by Dailey et'a1. (1 993) as hiving thehghest copper cant‘-ation 
of all SCB embayments. ' 

I * A;' . .  

i' 
I ' i 

PAH contamination was also prevalent in bay sediments, but in relatively low concentrations. seventy 
four percent of the stations-had measurable q$antiies.of PAHI, bht only seven exceeded > .  . the * . ,  lo$r level 
sediment screening criteria and these were cpncentrated among naval facilities and small boat marinas. 
Overall, it appears that PAH concentrations in San Diego Bay have fallen over time because PAH inputs 
to the environment have declined. In San Diego Bay, creosote leaching from pier pilings was , 'thouiht . I- to 
be one of the main sources of PAH contamination, followed by in-place, sediments introduced to the 
water column (Katz 1998; USDoN, SWDN.and SDUPD 2000). At t h e ~ a v a l  facility, half of the pier 
pilings treated with creosote and copper has been removed, and the discharge of bilge water into gravity 
separators located in the bay has ceased (Katz 1998). As a result, PAH inputs to the env'iionm&nt have 
declined. 

PCB congeners were mostly undetected in San Diego Bay during the 1998 Bight survey even though 
Fairey et a1. (I 996) found PCBs to be widespread. The low detection rates presented herein may reflect, 
in part, the differences in instrumentations and the use of confirmation techniques as discussed previously 
(see Results section). In spite of these differences however, PCB-contaminated sediments were distributed 
among areas previously identified as having elevated PCB contamination, such as large shipyards, 
naval facilities, and the downtown waterfronts (e.g., Fairey et al. 1996, SAIC 1998, CRWQCB-SDR 
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2001). The high stability of PCBs and the extent of their-use in paints, eledronics, and plastics has 
contributed to their widespread dispersion' and iccdniulation in the environment (Manahan 2000). 

I: 
P Moreover, most PCBs in the 'sedirnehts &xist in anaerobic cbnditiods where degradation via hiaerobic 
3 - bacteria requires a very lonk r&iidenierti';ile. ~dditib&l surv&s 'ubig-similai detection techniques 

1 .  

should help determine whether or not PCB contamination is5n decline. ' 
9 

? 

Pesticide and biocide contamination was4founi h such cdnzentrations thro;ghout San Diigo Bay 
z that chlordahe and tribu6ltin (TBT) wer2 kbn'sidered cheiicals df concern %y'MeQins et al. (1 99 1) and 

: Fairey et al. (1 996). However, in 1998 DDT was detected at only se,ven stations, TBT was detected at 
only two stations, and chlordane was not detected at all. ,The apparent reduction in chlordane 

B contamihation hay  result fioin differences in analyticd techniqudS.An8 ins&&ntlation as discussed 
d above (see Results section). On thepther hand, the declinein TBT likkly&flkcts tiredGcti'on'ip &age of 

TBT within the U.S. TBT has been linked to endociine disruption in shellfish: oysters, &d snails 
-32 

P 
,? 

(Manahan 2000) and was b8nned.fioni aot i f~ul ing '~dnt  for 'ship hull4 by +e drganotin Adtifouling 
i ~aintContro1 Act of 1988. The affechf the legisfBiidn wis to li$it;th~use of TBT to~avysh ips  and 

larger commercial ~kssels. Finally, mean conientrations of t-DDT in sediments fiom Sari-Diego Bay 
T / ,  

*.)I . I .  

j , 
were the lowest among the iine b~ys"s&l~d ddring ~ikht"98: 1 ,  ' 

, 
h 

t i  I * \  , - I . ,  - 
Overall, the rehdlts of this shidy are irick&$ng ~i&iievious*inves2'~ations for toxicQhot sp'ot$ {see 

%I 
4 Pai'rey kt dl. '1996, MESO 1998, CRWQCB-SDR I$~~>&RWQCB~SDR 2001)jx:~he area&&f goncern 

continue to be the nival shipyards and various marina8~includin~the&aval ~ u b m k n e  Base ~ahbiiego, 

r i  
shelter Island Yacht Basin, the downtown waterfront (i.e., anchorage off Grape Street  and.^. Stieet - 

5 Pier);Switzer creek outlet &d3the ~ e n t h  ~venue .~a r i ' nk '~emind ,  N4SSCO sGpjkrd, Naval ,Station 
-3 
I 

San'Diego, Lai Chollas and ~a ~a lk t a  ~ i e e C i  (i~cliding + . .  , _  the ~d<iith'~th~treet+~hannel), and &e20 skeet 
t Marine Terminal. These area;, rkflect zdn& of ihdristiialk&l.use gdd+?int sour& disch&s, 
i" such as storm drains and creek mouths. In cornparison'to other b~ys~and h~bors ' in  t h e ' s d ~ ,  however, 
r' 

San Diego Bay has relatively low levels of widespread contamination and has considerably less 
, "1 < . . 

q contamination than-in' decades past. , , : \  ' 1 

2 i - i. 
<", -1- 
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minutes in a rna&e$iwh sulfate solibioh: nie iamples wii$then'&ed +ith b&3e*edfo&din foi a &h'of  
72 hours, rinsed with fiesh water, and transferred to-70% ethanol. All of theorganisms were sorted fiom &e 
debris into major taxonomic groups, afte; yvhibh they were'identified , to spdcies 1 1  or th6 lowest e o n  possible 
and enumerated. Complete details regarding the-projiqtys ekpeirimental design; randomized station location 
procedures, field sampling methods and &mple processingpiot6cols are avdableinthe ~ight'98 field manual 
(FSLC 1998). , , .  ,, , 

\ ' -  ,,. - 
Data Analyses j 1  

L~ I * ,  

The following community stiucture parameters were calculated for each station: species richness (number of 
species per grab); abundance ,(number of individds per grab); Shannon diversity index (H' per grab); Pielou's 
evenness index (J' per grab); Swartz dominance index (rninimumnuniber of species accounting for 75% ofthe 
abundance in each grab). . , , ,  ". I . -  + .  I I-." . 

Ordination (principal coordinates) and classification Ouerarchical agglomerative clustering) analyses were 
performed to examine spatial patterns in the overall shilarity of the macrobenthic assembl&es. These analyses 
were performed using Ecological Analysis Package + , -  (W) software (see 'Smith 1982, Smith et al. 1988). Prior 
to analysis the abundance data were square root transformed and the data set was I , reduced by excluding any 

. . taxon that was represented by only one W a l .  . .. , , f a  

9. i . _i 

, , ; , " >  ., '2 .' 
3 1 

, ' , >,  - >  i r  

, - 
I . , , , I  * 

Environmental correlates to the biblogical distribution were investigated by overlaying rank- . , 
ordered values for the various en~ironmental~iameters onto plots &stations distributed in ordination 
space (see.Field et al. 19'82). The parkneterstused . for . these comparisons included s t a t i ~ ~ d e ~ ~ , . ~ e r c e n t  
fines (silt and clay sddiment fraction), total organic carbon (T*OC), tot61 , V I j ,  $trogei(TN), I seve~al tra& 
metals (i.e., copper, mercury, zinc and lead), total DDT (tDDT), totalpolycyclic m a t i c  . hydroc&bons _L 

(@AH) and total polychloiinated biphenyls (~PcB)..   he abo;e chemical p&ameters were identified as 
contaminants of concern by-either Fai~ey et al. (1996) or USDON, SwIV,and,SDUPD (2000),.and 
were detected during this study in concentrations exceeding thd Effects ~ k g e - ~ o w  (ERL) guidelines 
developed by NOAA  on^ et al. 1995). I .  A 

, > 

Comparison of San Diego Bay to Other Embayments , ' 
' I, 

In addition to San Diego Bay, the macrobenthos from eight other southern California bays was sampled 
during BightY98. From north to south these embayments are Ventura Harbor, Channel Islands Harbor, 
Marina Del Rey, LOS ~ n ~ e l e s l ~ o n ~  Beach ~a rbo r ,~nahe i& ~ a ~ ,  Neyport Bay, Dana Point Harbor, and 
Mission Bay. Including San Diego Bay. stations, a total of 114 shes were surveyed by 11 participating 
agencies. Methodologies and protocols for the dollection and processing of these sampleswere the same as 
for those outlined previously. Data analysis, however, was limited by the differences in sampling effort 
among the embayments. For example, Ventura Harbor was represented by a single station with only 11 
species, and therefore was not included in comparisons of the dominant taxa in southern California bays. 
Ordination and classification analyses were performed on a dataset including all 11 4 stations, following 
methods described above. 



3 , , . - 3  .. "" - . ' *p  *. :-, ., "v *r- .-.. - - . . .-.-. * .  . - . ' ?". . - .  + . * - . _  ..,. c 
F!! . . - - ,  . . . . - .  

+ _  I _ . ' A .  ,,& ." " "  . " < -  " . .  ? v  .3 , ., , . A  % . ' 3 . .  r - t 

 able 3.1, 5--i 
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summary of-abundance (Abun)yd  species ;iLhn,ess ( S R ~  fo;*n&jor,taua (polychaeta, cruiteqea, Mollusca. y! 
0the?phyla combined) collected.in,San Diego ~ q y ' d u r i n ~  1998. bata are expressed . . as means per sample . (no? . 

!i ; %. 
" ,M 0. I 2). Ranges of valdes for individual samfiles are ihoikn it7 p~rerith.sd&. I .  '- 

*i 
Polychaeta Mollusca Crustacea Other Phyla Total ! I; ... 

Abun 545 1 64 9 103 17 830 f: " * 

(74-2 145) (11-1187) (2-839) (1-91) (1 02-3 149) 8 

*, .",,.' . - bl 
. , * 4 .  . i '  i' 

SR 23 + .9 - . :9 < i f .  . < 6  j d  . .  47 - -  
A (14-48) , '"(3-26) . - , 42-2.1.): $1, . , .(I-14) , , , (25-96),, . T t, 
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I RESULTS . , a: 
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I I .; . , , 1 / I  

1 
" " . . " 1 , .  ( X  ' I 

F 
Community'Structure' . ' . 

" * ' !' .' ' , >j  -,> - . j  4 T , ' z'  a- 
In' total, 3 8,187 macrobenthic organisms representing 340 &&kire id~ntifiidfioin'the'46 s~ ~ i e i o ~ a y  F: 
samples. The dominant higher taxono&c groups were polychaetes, molluscs and crustaceans.(Table+ 3.1). k ~olychaetes aveGged 545, iddi$iduals'and 23 dkaper ~ , ' l ' & ~ ~ s & ~ l e ' ~ ~ o l l ~ k c ' s  ' d d  ~rust&ea&$ average3 

' .164 knd 1 03 individuals per s&ple,i~~pectively, and ek l i  &oit';o$nine tax8;Ger s&np16. Allof the remaining f 
taxa comliingd (e.g., echinoderms~neniirteans;cnidari&$ ktc.) gvifa'ied 17indi4dds  and lesk than s*t&? B s 
p e r  grab. A conservativk' estimate identified 18 species that are &native to sad ~ i e g o .  These nonindigenous 

/ " I  

>>I species represented 24% of the totalhacrdfauna the Bay. <' * 
- ..he 

" 
1 I . I 1  8 I . ," \  . ' + *  

I i 

A small number of species (<5%) acbounted for over 80% ofthe individual animals collected li-om San Diego 
i 

Bay. These numerically dominant taxa also tended to'be widely distrilhted throUghout the ~ a y .  Qe majority of I 

taxa, however, occurred in low numbers, with over 25% being represented by single individuals. Altfiough [ 

some ofthe many taxa with low to moderate abundances we; ividely distibuted, most were not. In total, ody 
22 species were found at more th& &if the &tation$c~knbe;th6 Ginthos was dominated by relatively few 
species in terms of both abundance and distribution. ! 

( - 
The do-ant macrofauna in San Diego Bay are listed in Table 3.2. Acg~itellid polychaete, ~ediomastus sp I 

(a species complex), was the most abundaht organism. This ~ o r m  was present in every sample, $thpopulations 
I 

varying fiom 20 to 5,2 10 per m2. 'Another polychaete, the spionid Prionospio heierobranchia, waS also 
found at all stations. The second most abundant animal was the nonindigenous bivalve Musculista senhousia, 
which occurred in densities exceeding 11,000 per m2. '~hii  icologic'&ly important mussel w& also fo&d at 
more than 95% of the stations. Two.other nonindigenous species were also widespread and'abundant; the 
spionid polychaete ~seudo~ol~dora~aucibranchiata k d  the bivalve Theora lubrica. Finally, a crustacean, 
the tanaid Synaptotanais notabilis (=Zeuxo normani in Fairey et al. 1996), was highly abundant at a small 
group of stations, most of which were located w i h  the Shelter Island Yacht Basin. 

There was considerable variation in the overall structure of the macrobenthic assemblages distributed throughout 
the Bay (see Appendix C. 1). Species richness varied among stations, ranging from 25 to 96 species per 0.1 m2 
grab (mean = 47lgrab). In general, there were higher numbers of species at stations located near the mouth of 







or exchanged by 50% at a 1 OOcm tidal amplitude. Average tidal amplitude was 85 cm with a maximum spring 
tlde of 270 cm (Sutton and HelIy 2002). ~rabhics providkd by John Helly of'the San Diego Supercomputer 





i Cluster group D comprised smples fiom 15 stations that were,generally located in a hydrodynamic region of 
the Bay described as seasonally hypersaline (Largier 1995). In addition, a number of stations within this group 
had sediments containing relatively high levels of c o n  (see Chapter 2). Therefore, the benthic c o m ~ t y  
characteristic of these sites may reflect the'combined influences of lower exposure to tidal flushing and ahistory 
of human impact. The three numerically dominant species were the polychaetes Euchone limnicola and 
Mediomastus sp, and the bivalve Musculista senhousia (Table 3.4). 
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Table 3.5 
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Summary of major benthic community parameters for San Diego .I . ,  , Bay cluster groupsA-G Data are expressed as :"< 
means (no.10.1 m2) and include: species richneks ,, . (SR); abundance'(~bh); ,_ diversity (H'); evenness (J'); Swartz 

,) , 1; 
dominance (Dom). Ra"ges of valuegfor i"diyidual samples are shown in pare6th&es. I . . < ,  ! 2' 

Cluster 
' "  Abun*-.; v . H! - -J9 - , 

F"% 
Group + SR - ,- Dom l .: 

3, .! 
A 37 - -  -441 * 2.4 , !- 0.7 7 

(n=3) . (31-44) (391 -536) (2.1-2.7) I (0.6-0.7) . *~(5-9) ~9 
.. . I - 1 1 %  

: r; 
.- 7.- !,A B 28 170 2.7 0.8 - '8. .I 
- A "  "6- 

(n=2) '(25-30) , , (1 02-237) - - -(2.6-2 7) (0.8-0.8) ' - ' : a ,  48-8) 
'-- i .- 

' I . i  .' -c. - > "  > -: . ;: 
.& 1 

C 36 : 701 2.3 -' 0.6 . & .  ,:: ,5:*. V i  
.,r 2 

(n=9) (28-50) " (386 I 1,17) , (1.8-2.7) ' (0 ,5-~, '~ [  2- - -"- 2 ?- 
+ Y *  J , (3;8) " 

c I .  
, ": a.! 2 - ->> ,;=; E3 

_j I- - -* :>. .+?& F; D 46 1030 : '  ' ." 2.4 . 0 6 ;  . . .::" <-.-,A 7.:"') 
I &!4 

(n=15) (28-76) (237-2263f " "(I .7-3.3) (05-0.8) : ";- 'J- .' (3'1 5)' 
j .  

>?A>.,.> 

r ., 0:6' 2 ,  ,.Ir";.;.::' =+7 ' : F! 
E " 51 ,1146' ' . '  2.5 ' 

9, ' 
(n=6) - (40-79) , (383-3149) ' ' h (1.8-2.9) , - .  -‘(o 5-o:6j -: 2' -'a - y . , . '(3-1 0) 

4 a)  
-.i+:;* * < . , &  *:: s:s- - ,  . - i ' - . .,2 r - 

F 60 783 = '  2.9 - 0.7 , a .. . ' 91% ' '3' 
b f  
-1  

(n=4) (38-78) ' (327-1 502) (2 8-3.1) + (0 6-0:8),' " - " (8-14) ' b 
A 7 1 :  

G 62 680 2 3,l 0.8 ": . -:: . " .  '72, $ 
(251 -1 672 j' (0 7-0.8) '""- ' P !  (9-16);. 

?-, 
(n=7) . (44-96) (2:8-3 4) p 

Overall ' 47 . , . 830 % . - 2.5 - , 0.7,; 1 ..-. .. p .*,8 - 
(25-96) , (I 02-3149)" . (1.7-3.4) (0.5-0.8) (3413. B 

) 1 '  I 

Cluster group E included samples from six stations located in marinas in the northern portion of the Bay. These 
marinas llkely represent a unique habitac rdecting influences such as human impact and hydrodynat+ conditions. 
For example; sediments here had relatively high levels of mercury (&e Chapterz2 and-Table 3.3): In-addition, & 
tidal flushing is reduced in these areas (see Eigwe 3.3). The most abutidant species in-thisassemblage were the 
nonindigenous polychaete ~Seudo~ol~dora~aucib~anchiat~, the tanaid Synaptotanais notibilis, ,$d'the ai 

I 
polychaete Exogone lourei (Table 3.4). The high numbers of s notabilis in these marinas are especially 
notable, since this animal was nearly absent elsewhere in the Bay. E 

5 

Cluster group F represented the assemblage present at four mid-channel stations in the north-central region of 
the Bay. This area receives relatively frequent tidal flushing as illustrated by the model in Figure 3.3. The 
arnphipod Amphideutopus oculatus was the numerically dominant speciqs in this assemblage, followed by 

, 

the polychaete Euchone limnicola, and the bivalve Lyonsia chlifornica (Table 3.4). . - 

Cluster group G represented the macrobenthic assemblage most directly influenced by tidal flushing. This assemblage 
was characterized by the highest species lichnes;, the highest diversity, and the lowest dominance of any in the 
Bay (Table 3.5). The nonindigenous bivalve Theora lubrica was the most abundant species inths group, followed , . 

by the polychaete Leitoscoloplospugettemis, and the amphpod Amphideutopus oculatus (Table 3.4). 
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3 Comparison of San biego Bay with other SCB ?rnbayme"ts in terms of abundance and occurren'ce of the dqminant 

benthic organisms 'collected during'l998. ~onindi~enous,s~$es are shown in blue. -SD=San Diego Bay; 
N=Newport B a y ; - ~ ~ ~ = m a r i n a  ~ e l ~ ~ e ) i ;  L A L B = [ ~ ~  ~ " ~ d l e i / ~ o n g ' ~ & a c h  ~arbo! ~ B = ~ i s s i o n  Bay;'CI=Channel 
Island Harbor; DP=Dana Point; A=Anaheim Bay: p=taxa bresent in bay, though not among the ten most abundant. cw 

n=total number of stations sampled per embayment. 
b Ten Most Abundant '* ' 

- 7  7 ' :  S. - - Rank %b"ndancd per:Embayhent , . .- J ' 
. ,  . .', 5 D  :. , M B ~ '  . , ~ p , , '  f 'N s . A:.*.,- 'LALB' ' .MDR ' ' 2CI * 

; 
v Species (Taxa) , , ( ~ 4 6 )  . ,(n=3) L * .  (n=3)" (n=l l )  , (n=3) s (n=36) (n=7) (n=4) 
L 

Mediomastus sp + * \  i , ! 1 ; -  p T & -  p i  6;' I . .  p I '3% < 7 
Musculista+senhousia , I p 2 , , 10 . . '  .:.. ! - 4- , p - , ... p .p, . ? 

P Euchone limnicola, ,, % &3 r -, 5 * ' ,p* a - ,, ( 5 ,  , L '1 , .5 P , 2 ' . . 5  
.r; Pseudopolydora &au.cibmnchiata A,  :, , ,,: 6 ::, ,dl, . 'I. = 5, . 9 1 

, , 1 > 
. r  L L + " ,  I ' . " .  I '_ 4 

~urnbhnendae . , "':' - 5 '  .,,p , , .. 7:; , * .  (,.-a 10' ' -$  + , 4 : , :,i";4 % y , ,,> q , , ,p. , 

3 ~m~h ideu to~u~dcu la tus  , , ' A . Y  ' 6 '  7- , > ,  " ;< P ' '" "P P > . * P  
.I * ,'* > .,$ .-, : 9 ,  . . ' ;4..r. '  
D 

". 8 ," "p,, l a  

"' , P' 
~ynaptotanais notabilis ' - ' " P . .  L .  . . ' ' ' "3  

5 Prionospio heterobranchia '8 P P P 8 ' P P 
ai Lumbrineris sp C 9 ' P ' P  P 7 P 9 . 10 

1 Leitoscoloplos pugettensis 10 > P , +  < , ? ,  6 2 6 P 8 P 

Ten Most Widespread I ,'. a percent Occurrence per Embavment 
2; SD MB DP N A ,  LALB MDR CI 
7 Species (Taxa) 
f ( ~ 4 6 )  (n=3) ( 3 )  ( 1  , (17~3): . (n=36) (n=7) (n=4) 

'Mediomastus sp , ~,IOO% . , %.67% 67% 91% 100% 64% 57% 75% 
1 .Prionospio heterobranchia ,loo% loo,% 67% 91% , 67% 11% -." 86% '25% 
5 1 

!j 
~umbrineris sp C 98% 67% .loo% 91% 100% 1I0/o - 7"1°/.: '75% 

1 ' '7' 
~uscul ista senhousia I 96% -. + 100% 0% .82% -33% 3% '" 29% 0% 

2 Pista agassizi , 96%..'$0% 67% 64% '67%. 44% 44% 0%' 
? Leitoscoloplos puge ttensis 94% 10O0h , 100% - 91% loo%:-: ,64% -, -, 100% .75%- 
d Theora lubrica 8 7 % * ' ~ ~ '  100% ' 67% 9.1% . 66% 100% 43% 25% 

Glyceia americana 87%' " , 67% 0% 18% 33% 69% 0% 0% 
3 ~uchor ie /imnicola ' 85% ' ' 33% 67% 91% 67q0 33% 71% 50% 
3 Exogone lourei 85% Y. 100% 67% 36% ' 33% 8% 0% 50% 

. 5 
1 , L z + -  - ,  

. - , 
* "  

comparison of San Diego Bay to Other Embayments 
i 

Most of the animals common in San-Diego Bay were also present in all other bays sampled during 
i 

!; 
Bight'98 (Table 3.6). In addition, many of the most abundant taxa in San Diego were also found in high 
numbers in the other bays. For example, the nonindigenous polychaete Pseudopolydorapaucibranchiata 
was the most abundant species in three embayments (Dana Point Harbor, Los AngelesILong Beach 
Harbor, and Marina Del Rey) and among the numerically dominant animals in the other bays as well. 3 

Furthermore, species that were widespread in San Diego Bay had similar broad distributions in the other 
embayments. Such species included Leitoscoloplospugettensis, Mediomasttls spy and Theora lubrica, 
all of which occurred at around 80% of stations sampled throughout the SCB. 

1 

Ordination and classification analyses separated the SCB bay macrofauna into six major types of 
assemblages (see Figure 3.4, cluster groups A-F). None of these assemblages was restricted to any 
single embayrnent, and most bays had more than one assemblaie type pesenijsee Figure 3.5). Cluster 
groups A-D included some stations from every bay sampled during the survey. These groups all had 
relatively high abundances of the polychaete Pseudopolydorapaucibranchiata. All of the San Diego 

3 9 



Figure 3.4 , ,  

Cluster results of macrofaunal abundance data for ~ight98 embayment stations sampled during July and August. 
1998. Included are the major cluster groups chosen to represent benthic assemblages, the bays in which each 
assemblage occurred and the top three taxa by mean abundance per 0.1 m2 for each assemblage (n=# of stations). 

- ,  Nonindiaenous s~ecies are shown in blue. 
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5 The macrobenthic c o m r n ~ t y  of S a n ' ~ i e ~ o  ~ a ?  consi?tkd,df sevkral unique assemblages distributed throughout 

'3 
different regions of theBay."Most of the-himils composing tliese assemblages belonged tb a relatively small 

$ number of species, which reflects the,unst.iible habitat typical of many embayments (Sumich 1992). Polychaete i worms were the most abunaant taw followed b''m6lldis and~cnrst&ceani. Thise three taxa oft&; doniinate 

I 
marine macrobenthic assemblages. ~ol~chaetes were also tlie most diverse and widely occurring animals in the ~ a ~ .  

I 
2 

Hydrodynamic conditions appeared to be the.~;riha+facdr.intlukhcin~ the d,istribution of macrobenthic assemblages 

Y C 

in San Diego Bay. For example, the distribition i f  assemblag& found dwhg ~iglit'98 reseible models oftidal 
.% exchange desiribed previously by Liirgik (1 995) and slmon aqd).He1ly (2002)fh addition, th;';ewas a pattern 

ofincre&ing'r&nbersof spiiies (i.e.;specieliiihdeks) ivhen m&hgg£iorn'de'bic&~ters tdv~ar4 thk rnqith of 
I the ~ a ~ .  This biologicid "20nation~~ was alsb'app&ht whe; bnsideringpop$ations of deitain individual species. 
1 
t Some animals such as the bivalvk Musc'zilista senhdirsi; ~ d t h e  polychaete M~.dbrnash;. s$wiie.f& &re 

abundant in parts of the Bay where tidal flushing was less freq;ent, while others such as the bivalve lleora 
P 
L lubrith and the &phipod ~m~hideuto~i~o~il~at&~wkre"rri&re,co~bn.in are& ifhi& ti@'flhl+~g. Similar 
3 patterns relative t6hydrodynamic gradients have b&nreportehfor ~ission'~a$@exter-and crooks 2000)~ and 

\ ,  
are typical of estuarine benthic com&miti& i n h m l  (~umich 1992). : % I 

. - 1 1 1  
i 

j 
, L A  ,$, ' , ' , . * < ,  , ,) * ; L  '(' - * ,  , w"%,v!,.", , t 

3 ~n th ro~o~en ic  impact may represent a secondary factor h t  inhu&dithe @&bution of thebenthic macrdfikna. I 
I For example,'~pekies richn&s was typically low in r~@dm~f"ihe~l%~thathave well-ddchented histories of J 

I 
. anthr6fiogenicnihPact.(e.g., see paiieY k t ' d . 1 9 9 6 ; ; ~ ~ ~ ~  eta:.2000)'..(3hg su6h regionis ~ ~ & @ ~ , N A S S C O  1 $ 

shipyard, located between Las Chollas creek and ~a poleta ~ rk ik ,  where the macroben&c assemblage (cluster i 1 
group B) was chmcterked by few-taxa add~dwabundari'c'e :+This asskblage -*drily eFesent at tiyo sites: one I 

\ of whiCh had sohe bf the highest concenkitidrk of c o ~ ~ & t s  of &ny mj.tiohin:the:~d (i.e.', srition2264). i 
1 : . J <  . ' \ , ; a  * 1 * ,  

. ? - > . t :  : * $  , 7 ,  4 * , " . . , 3 ,  , , * :  "-<:hi 
I /  ,. . 4 

.% Some evidence suggests that the over& cornpisition bf~'hgn.~iego~;$;s madrofaka hi beefi ;iffected by 
;; o anthropogenic impacts. For example, several of the dominant species collected during this surirey sire not 

native to soithem California. These nonindigenous speciei were probably intfoduced toihe Bay through 
human ~ctivkek, aridhe now ambrig the h6~'ec010gi~ally importantmembdri ofthe benthic community. One 

t such'animal, ~usculista senhousia, was the second bo& abtndant speciiis cdllected d A g  this suivey. This 
exotic bivalve builds habitat-altering mats, and can have considerable influence on the species composition of 

I> 
i 3 I >  

I 

benthic communities (Crooks' 1996). ' ; . L  > < , . , '  
I 
1 " "  f r - " .  

The various embayments sampled throughout southern California during 1998 generally had similar benthic 
communities. Results from multivariate analyses revealed that the benthos of the individual bays typically included 

k multiple types ofmacrobenthic assemblages. As in ~an-Die~o 'Ba~ these assemblages varied along environmental 
gradients. Although the same assemblage rarely occurred throughout a single embayment, all assemblage types 
were found in more than one bay. This zonation was such that the assemblages present in one region of a bay were 
often more similar to assemblages occuning id other bays than to those in adjacent regions of the same bay. 

> "  . 1 9  
& - 

San Diego Bay was also similar to other bays in terms of dominant taxa. Earlier studies have shown similar results, 
,A 

with a small group of taxa dominating most bay assemblages throughout the SCB (Dexter 1983, Thompson et al. 
,I 1993). For example, Dexter (1 983) found that three ofthe 13 most abundant species collected in Mission Bay 

were also reported h m  six other bays in southern California and northern Baja California Six other species were 

43 

j 
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also found in at least 50% ofthe bays. The presence ofthese ubiquitous organisms reflects the similarity of 
conditions in SCB bays and harbors. In contrarg, most ofthe dominant species fiom San Diego Bay are not 
common on the mainland shelfoff SanDiego (see City of San'Diego, 2001). Despite the general similarity among 
SCB bays, however, the benthic community in San @ego Bay could ~.distinguishedfiommost othq,embayments. 
This was mainly due to the large numbers of Muscu1i.sta senhousia that were foundin  an ~ i e ~ o .  ~ltholigh M. 
senhousia is not dominant throughout the other:southem Gdifon$a bays; otherinonindigenous-species were 
represented among the dominant taxa in all bays sampled. . . r  @ I *  j 
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i Bays and estuaries sew; as home to large populkibns bf rnegabenthi~ inkrtebrates (i.e., large epibenthic, 
trawl-caught invertebrate organismi):and t L  I as - important nursery and rekg6 areas for many fish species (Cross 

I , &dAllen.1993): very fiw bf k s e  ha6ifats , . ,  + ieiniin in ssbithern ddifdmia liowev~because mahy2ikve -, s been 
2 degraded or alter'ed through devklopmeni. sari J3iekol3ay is &largest & ~ l y b c c ~ g  marine embayment 

between San Francisco ahd ~cakmon's ~ a g o o i  in cek&-al"~aja ~a l i forda , '~ex ico .  As such, it forms an 
5 essential habitat for m&y ecold~ically "and iorkiercialli important fish specie$. The' fishes of San Diego Bay 

:have been stu'died extinsivelyt6 progde a betteihderstaithing'df this dfirtapt habitat (see review in USDON, . - '- <tit," , 7 

SWDIV and SDUPD 2 0 0 ~ ) .  of i h k  86 Species rep6rted$bm the Biy, some of the most common7demersal 
P :fishes in San Diego ~a~ ihclude California halib&, ;potted +d barred sand bass'zpd round sting rays. In 
4 . con& to the fish &sknbliges, invertEdrite assemblages have been d e d  much less eiensively. The majority 

> 

', of the rnigebenthic invlert'ebrati ipifa&a inclide' ;$id& s$cies of sponge;gastrop~&~ bival"es and decapods 
p 

j , "  

I ,  I (USDoN, S WDIV and SDUPD 2000):' ' * 
3 ,  

4 f 

b / 
" , - 2 

,;I 
!. 

The city of  an ~ i & i a n d  S P A W ~  slweyed tliedemersai fish and megabenthic inqertebrate p6pulatiQm of 
6 

r: : $ ~ a n ~ i e g o  ~ a y  as pd ofthe ~ i ~ h t ' 9 8  regio&l survey. Tde purposes &the study&ie todiddid the,existing 
R body of knowledge on demersallfish and megabknthic invekebrate commkities.ip,tlie Bay, describe their 

structure, and provide insight into the effects associated with anthropogenic and natural influe'nces on these 
(I! 

communities. This chapter preseits analysesand interpieation i f  data collectedby otter trawl d2ing the 
summer of 1998. The San Diego Biy assi$blages are also c&&aredcto other bays and harbors sampled 

, \ 

:a during Bight'98. 
:, , ' I 
4 

t 

MATERIALS $r METHODS 
I 

i 

Sampling 
'1 

i Demersal fishes and megabenthic invertebrates were collected at 16 randomly selected stations in San Diego 
Bay during the summer of 1 998 (Figure 4.1). The methodology for locating stations and trawling are described 
in the Field Manual for the Bight198 project (FSLC 1998). A 7.6 m Marinovich otter trawl with a 1.3 cm cod- 

- end mesh was towed at each station along a predetermined heading for five 'minutes at approximately 2.5 
knots. Trawl catches were brought on board for sorting and inspection. Fishes and invertebrates were identified 
to the lowest taxon possible and enumerated aboard ship. Sponges were recorded as present becausertheir 
tendency to fragment prevented accurate enumeration. Animals that could not be identified in the field were set 
aside and returned to the laboratory for further identification. Fish were inspected for the presence of external 
parasites and physical anomalies (e.g., tumors, fin erosion, discoloration) and measured (or size-classed) to 

3 < ", 
1r I I 
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4 9 
ule 'near~stce~tt imete&cord~rot&is di&b& 2 fii&j'$~&<&(~s~;~'1998).~he bioma'sb"(wet , . -  

Jb 

weight, kg) were recorded for each fish species, while invertebrate-biomass was measured as'a composite, 
3 weiglit of all speciis combined:~hk typk and 'amodnt of'debrid iishciated &th each haul wasBlso"identified . . . I  , , : ' .  . - ' -  . ,  ( 3  - c . > -  - ~ 

: -  

(see ~ b p & d &  D. 1). ' 1. 

3 7 

1 < -  1 . . Y  . ' % * .  - +,-,,9Le. > ,L. > - 
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*- > 1 . < .  . * - ,  . , - - . 
, Data 'Analyses 3 J " h , %* 

- ' :<? &:y-.*,: ~ 

" ,  < - . - ' , " -  \ -  " ,> . , .,h. , - i  - -  - - a .  " 1' P , < 

7 Fish and invertebrates communities were s d e d ' b y  calculating (1) the mean . abuhdance - per occurrence 
il (MO = number per speciesltotal number of tra\;li);.(2) abUrfd&cci~(PP;=number per speciesltotal 
J 

number caught), and (3) frkquency of o c c u r r ~ n c ~ @ ~ =  number df occuii-in~6s t ,  for da'$ speciesltotal number 

9 I 
of trawls). In addition, the following parameters were calculated by skition for both fishei and invertebrates: 

5 (1) speciesrichness (number of species); (2) abundakce (number of individuals); (3) Shannon diversity index 
(H'); (4) biomass (wet weight, kg.). / .  . i 

, ' a ... :: 
$ 2 .  

;>A> 
! ." 
ff 
3 Ordination (principal coordinates) and classificatik; (hierarchic& aggl,dd~;ati$~cl~stering) ,; , ,. analyses were 

performed separately for fishes and invertebratestb: &mine spatial $&terns ?ong assemblages in San Diego 
8 Bay. All analyses were performed on total abhdkce  *er bawl fbr e k h  chP&ies using Ecological Analysis , 

4 Package (EM) software (se6 Smith 1982,'Smit.h et al. 1988). The d a t ~ k e ~ e  sq&.re-root transformedprior 
, 3 ,  - 7 c ,I 

* \' - 
to akdysis.' ' , . . , ' j  

' r  , 
' y " .  

3 . # 
L, ; .,p. r i  i - ' ,  *. !.. . i 

I I , ;< ,  'I.),,." . *, 

P , I  ~om~arison'df  saq ~ i & o : ~ - a y  to other ~rnbay,+ents . 
..., -<.. . - 5 .  r , 7  -. 1% '< 1 7 

. I +  . , . 2 -  , , .  < , , .- t*,,, .... **"-*. *--. ?. 1 ! " v  < L . r  8 * , - - - . 
1 ,  r , * ., > * ,  I 

, I +  
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;ht &dditionto S ~ ~ D ~ e g a . B a r ~ ~ e ~ o t h e ~ ~ S d ~ ~ e & ~ ~ ~ i f ~ ~ i ~ ~ b ~ j , S  .. _ , I _ ,  :v;16fks‘&hl&bj;kawl'd-g . Bight98. 
3 ~ r o r h  no& to south these krnbayrnents &e ~er&u.i-a ~irbdi., ~hannel~sl'ands , )  . . .  Hgrbor, ~ a r i n k ~ e l  ~ e ~ i & g  

9  arbor, LOS ~ n ~ e l e s h ~ ~ e a c h  ~ a r b ~ r ,  ~ a q i t o i  Bti)i;-~kin~port ~a~;~~ceailside~arbor, 'and .r;lissiodB'ay. 
Including SanDiegb Bay statioiis, H total of55'sites'&ei:k'~&e~e;1by 11 $&c@atin~igkidies:~efhodolo& 1' 

0 ' i f: +- ."', 
and pi~tocols for the acollection and processing ofthefesaniples yvere t$e:iame as fohhosk outl~ed;preyiodly. 

, Ordination and classification of total abund,anceldata from all 55 stations was performed to evduate spatial 

4 patterns among the tkh embayrnents. The dis&b&on of fish'hd megabenthic invekeb;iteswere considered 
separately. 

j 
4 
s 

rnSULTS 
h 

i Fishes in San.Diego Bay 

i 
I Community Description 
,1 The trawls fiom San Diego Bay during the summer of 1998 were fairly small in terms of the abundance and 

diversity of fish. Three hundred forty-nine individuals, representing 16 species of fish were collected fiom 16 

4 
stations (Table 4.1 ,Appendix D.2 and Appendix D.3). Generally, the small size of each haul was reflected in 
the low abundance, species richness, diversity and biomass values (Table 4.2). For example: the average trawl 
included only 22 individual fish with amean diversity (H') of 1.4. Despite the small size of the hauls, fish 
populations in San Diego Bay appeared to be healthy, with no physical abnormalities (i.e., fin rot) detected on 
any fish and only one instance of parasitic infestation on a barred sand bass collected from Glorietta Bay 
(station 2254). 
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; The four most widelyoccuning species included the,ro,und stingray, spotted,syd bass; barred sand bass and 
, California halibut (Table 4.1). Each ofthesi: s p e c  w present h r e  75% bfthe trawls and represented 
between13 and 25% of the t o 4  fish abundance. Diamond and spotted turbots ahd black croaker also occurred 
quite fiequently (i.e., 40 - 60% of the hauls), but in fairly low numbers (53 per haul). The round stringray and 
s loub  anchovy had the highest numbers per occurrence (i.e,. 8 fish per haul). - 

I 
1 

3 2 < ; " ' , '  - 
g ordination Ad  c~assification of sites dis'cri'&qted'&&ig thr;k'&s6&blages ( S G ~  -sG~)  within San ~ i e ~ o  

Bay (Table4.3, Figure 4.2). SG1 comprised 56% of dl samplesanalyzed (i.e., 9 stations)'and represents the 
t . domitiant assemblage in the central r&@in of the B$ .);.his assemblagk was charact6riz;d by refatively large 
$ 

.. numbers of round stingrays and spdttbd-sand ,. biss pei trawl: Other species typical of southern California 
, embayments, such as barred sand bass and Cdifomiahalibut; wer&als$ common.to this asiedblage. SG2 3 

r: 
consisted of f o ~  stations , _  . locate$ . along the margins of ce*tral and southern San Diego ~ a ~ ' n s  assemblage 

, kcluded many ofthesd same-spk~i;~ ff$d i x i ; ~ ~ ~ ,  b&&tqloiver n&bkrs of round stingrays @.spotted 

4 sand bass. This group had the 1owesi a&"&& abuhdatki'and nlm'oer'6fspkcies ofall the grou6s:k b6n't;$sty, 
3 
I: 

.'SG3, , - which included three ;elatiqay deep ititions located clpse to seaentrance of thetBay; had,tlie hiihest 
average species ricdness ~d abundance:This &iembla& was"'c'hact&izdd by relativkli high ibundandes of 

$ ., .species frequently associated with shall& coastal qommunities, such as those located just 0-utside o.$San 
p Diego Bay. d or example, three species to ~ ~ 3 . ( s ~ e i G e f i n  midihipma ~alifomia~on~uefish, and 

:. , j California lizardfish) are commozy cofieited1;n the cbastal _ I ,  shelf off point ~omaand ?ff ~m~er i a l  Beach(City 
? \- ; <. - ; . - > 

? of ~ a n ' ~ i e ~ o  200142001 b). ' . a <  - ,  , .  
1: , < 

L( *' 
d 4 I 

I _ 2 

> ',L f *  . 
Size .~istrib*tion b . +  , \ , 6 ,  I * .  

1 

The fishes captured in S a n . ~ i e ~ o , ~ a y  ranged indengtlifrom 4 io 79 cm ( ~ p ~ e n d i x  D.2). only the four most 
I .  I I ">  L ' r, 

fi abundant species (round sting-rag spotted sand-bks, Ga&id ; a ,  b&, cdifomia hdib~t j~rovided eliough 
.data to evaluate their life history. Almost all of;&e b q e d  sand bass and California hakbut had lengths which 

0,  
? correspond td juvenilds, indicating that tbi~uk thk~ba'~$hrnaiilY a hursery ( ~ i b e 4 . 3 ) .  The average barred 
'k 'sand bass fiom San Diego Bay was 14 cm.long yith a rna.xip,yn length of 2 1 'crn, b~low$e , . , . r -  size .-  at l ~ i c ~ h  

they are considered mature (27(&rn)'(lovd 1996).k%;f&ia &lib$ also averagedl 4 ;$in length, far below 
L 
53 

the size at which they typically become (30 cm and 5 8 cm for males and females, respectively) (Love 
1996). Dn the other hand, iound 'stingrdysi.nd _ I <  spotted I sand bass hadmulti-modal length distributions, 

:i representing juvenile and adi t  life stages. Round stingraysTkged fiom 15 to 36 cm, with an average of 25 cm. 
~ccording to Love (1996), round stingriis bbebqie sexually mature around 25 cm. Therefore, approximately 
56% of the round stingrays collected in San Diego Bay would be classified as adults. ~imilarly, 30% of the 
spotted sand bass captured were considered sexually ;nature. They ranged in length fiom 1 1 to 29 c m  with an 

-4 average length of 21 cm. Female spotted sand bass mature at one year old or about 25 cm, and males mature 
slightly later (and larger) at about three years old (Love 1996). 

$ 
3 

A Megabenthickvertebrates in San Diego Bay 

, A total of 1,172 megabenthic invertebrates, representing 43 taxa, were collected in San Diego Bay during 
I 

1998 (Table 4.4, hppendix~.4). The non-indigenous bivalve Musculistcr senhoussia was present in over 70% 
of the samples and was the most widely distributed trawl caught invertebrate. Other frequently occurring 
species that were present in at least 33% of the samples included two unidentified sponges, Porifiera sp SD4 
and Porifera sp SD5, the ascidian Microcosmus squamiger, the bivalve Argopecten ventricosus, and the 
gastropod Crepidula o 

i together accounted for 









and biomass values tended to occur towards the northern porti0.n of the Bay (i.e., 2230,2571:, 2573):: ; : ::, 
. ,, 
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found in the shallow, off-shore coastal areas of San Diego, such as the decapods Penaeus calforniensis, 
Pugettiaproducta, Crangon nigromaculata, Panulirus interruptus, and the isopod Synidotea harfodi. In 







Figure 4.6 
Distribution of station groups from classification analyses of fishes collected from all bays and harbors sampled 
as part of Bight'98. , / , ,  
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Table 4.7 1 ! 
* - 1  , <. - .' . . .' ): ' ,. 

Distribution of the abundant and frequently &curring fish species among the main station cluster groups for all 
.bays and harbors sampled as part of Bight198. ' - I =  not present. - ' .  y 

t $ 

SGI S G ~  SG3 SG4 SG5 
Number of hauls 7 21 12 + 13 2 F+ * .i 

6 "  7 1 
1 '11 Mean No. of species per haul % ' !  ' 5  ;S 

(Range) (1-11) (3-1 0) (411 1 ) (2-8) (1-I), 
2 Mean No. of individuals per haul 79 24 1 34 19 q 

(Range) (1 -232) (4-1 051 ) (1 3-55) '(3-47) (1-3) 5 
6 16 6 6 

,9 
Mean depth per haul (m) 3 ,  
(Range) (3-1 4) (7-27) (315) (2-11) - (33) : fl " t q 

1 - 
Species Mean Abundance t ;j 

~ o d n d  stingray - - . 0.3 6.5 . - @ 
Spotted sand bass - - 0.3 3.6 - - a '  E is < 
Black croaker - 0.1 0.3 , 0.8 - 
Diamond turbot 0.3 - 2.8 0.5 - 
Slough anchovy* ': - - - I -5 [? 

2.4 
Barred sand bass >0.4. 1 4  %8:9 ' 3.5 - 
California halibut , 0.7 1.2 5.9 2.0 ' 0.5 

34 >, . ,I, ~ " > ,  

Spotted turbot - 0.9 I .O 0: 8 - c 
- - 5 I 

Pacific sardine - 6bO - % , 27 

Notfhern anchovy - 64.0 0.2 . - - . , ,  

0.1 8.0 I .5 - - California tonguefish ; : 
California lizardfish 0.1 2.2 0.2 - - E 

B - L, 
, Queenfish' 2.6 7.5 0.9 - 

White croaker 24.9 143.7 2.1 0.2 - G' 

~ e e ~ b o b ~ ' a n c h o v ~  31 .O - . 1.8 - - ! 
Spotfin croaker 3.3 - 0.3 - - ' E l  
Shiner perch 5.7 1.6 I .9 - - 
White seaperch 6.6 1.2 - - - I 

Black perch 0.9 - - - - E 

Megabenthic Invertebrate Assemblages 
Ordination and classification of the Bight'98 embayrnent sites discriminated between three major station groups 9 
(SG1- SG3) (Figures 4.7 - 4.8, Table 4.8). The groups'reflect differences between assemblagestypical of 
bays versus coastal communities. SG1 represents a distinct southern bay community that was limited to the 2 

E 

SanDiego region (San Diego Bay, Mission Bay, and Oceanside Harbor). This assemblage was distinguished i 

by Musculista senousia, Microcosmus squamigel; and a paucity of decapod crustaceans. Other widespread 
members of this station group included various sponges (e.g., Porifera sp SD4 and SD5) whose abundances i 

! 
were ~ i ~ c a n t l y  under estimated, and several ascidians (e.g., Styela spp.). SG2 represented a mix of coastal 
and bay communities characterized by such widespread and ab&t taxa as the crab, Pyrornaia tuberculata, ! 
the shrimp Penaeus californicus, the gastropod Bulla gouldiana, and the bivalve Mytilus galloprovincialis. 

( 

SG3 consisted of relatively deep water sites that were located primarily in Los AngelesfLong Beach Harbor. 
This assemblage of megabenthic invertebrates was characterized by low numbers of a few coastal species I 

such as the gastropod Philine auriformis, several decapods P tuberculata, Crangon nigromaculata, and 
I? calforniensis, and the seastar Astropecten armatus . 
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Figure 4.7 
Classification analyses of rllegabenthic invertebrates collected from all bays and harbors sampled as part of , . 
Big ht'98. 

I i ' , , ,,.? . ' 



< 0 . * $ \  3 - Figure 4.8 , 

Distribution of station groups from classification analyses of megabenthic invertebrates collected from all bays 
and harbors sampled as part of BighC98. - q < 

1 I I  7 ,  
* _ . #  , _I , > -I, 
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Figure 4.8 (continued) 
I , I  
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Table 4.8 
* ,  , I - i  . . v ,  . . . <  L '2. - .- t i: 

I I ; .j 
" *, i b ' "  , ' 1 -  

Distribution of the abundant and frequently occurring rnegab&thic'invertebratespeclks among the main station 
cluster groups for all bays and'ha;bors sampled as part of Bight98. '-'='not present. $TI 

,; 
t 2 

* " ? .  1 ,  1 , 
SG1 * .  ' . S G ~  ,' SG3 

Number of hauls 17 , ?3 15 !'? ,I 

Mean No. of species per haul 6 8 5 - .  [li 
.(Range) . (1713) (2-1 5) " 'k(2-14) 

Mean No. of individuals per haul 69 , 95 , ,i19 . Zi , - 
ii < . . "  r: 

(Range) , d *  , (3-387) (6367) . ' ( 2 ~ 8 )  J "i 
Mean depth per haul (m) I 7 16- nl*? 

. > 9  
(Range) , (2-1 1) (3-25) . ' - .(7-27.) I ',- i- ::*:,; ._ r - 

63 
, - .> 

t *  

Species , ,  . . I ,  - . ~eaq' .~bu'nda&e I , 5~ 
* ) - , 

3 ,  ' i - 
, * Crepidula onyx . - ., , .. 42.4 '.. s . . 0.1 L '  . 

, , 
83 

PORIFERA'.sp SD4 , \ .  : -,0:5'.'. , " - .  . . 
k 53 
L3-4 

Ostrea sp ' 4:6:. . , 0.2 - a .  

Musculista senhousia ,- 29.0-., , 0:7 . . . - 
~ r g o p e c t e i  kntiiico&s ; , , \ ( I  0.8 0.2 - - If? % 
Microcosmus sguamiger ', ' , z . L  11:2, kb 2.7 , - EL. 

Bulla goul'diana;' - ,:. : ' - , , ' I  ' 4.8- .-12.0 "a- - - ( , ).- - 
3 > 

Pe~aeus  californiensis ' 0.1 ' * 5.5 0.9 ' ' 
r :  

. ' - 0  : *  

pi 
Navanax inermis * . - ) ) I  . .. , 0.3 - - - . %  , , .  63 
styela sp '. I 0.4 ', .I :8 - 
Mytilus galloprovincialis - 7.8 . - 

.0.3,, >.- F 
Pyromaia tuberculata 21.4 , 4,8' $ 
 rango on ~nigromaculata - ,12,4 2.0 
Philine auriformis % ' - : 7:4 6.0 

, * 
k? 

~stro~ecten.armatus - , 0:O 0.5 

I 

SUMMARY & DISCUSSlON E J  
E, 

This survey provided a snapshot of t h ~  demersi fish &d megabenthic invertebrate assemblages that were 
present in soft bottom areas of San Diego Bay during the summer of 1998. Populations of these organisms 
appeared healthy during this time, as indicated by the-lack of physical.abnorma1ities on both fishes and t 

invertebrates. The absence of fin erosion in the fish community suggests that conditions have generally improved 
since 1984-1 988 when there was a relatively high pevalence of fin erosion in black croaker and barred sea ! 

bass (see McCain et al. 1992). Overall, relatively few species offish and invertebrates were encountered in the 
S; 

various trawls conducted during 1998. The round stingray, spotted sand bass, and barred sand bass were the 
dominant species of fish cap.tured in terms of abundance and frequency of occurrence, although California 

F 
i 

halibut and diamond turbot were also common in the Bay. Many ofthe spotted sand bass and round stringrays, 
and almost all of the barred sand bass and California halibut appeared to be juveniles. The presence of signdicant 
numbers of immature fishes in San Diego Bay is expected since many species are known to use the Bay as I 

nursery grounds (Cross and Allen 1993,Allen et al. 2002). . - 

The dominant trawl-caught invertebrate in San Diego Bay was Musculista senhousia, a non-indigenous bivalve 
that was also prevalent in benthic grab samples (see Chapter 3). Other frequently occurritig-invertebrates 
included another non-indigenous species, the ascidian Microcosmus squamiger, and two species ofpreviously I 

I i 'l ' ' ' - ,  - 5 
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Table 5.3 
Concentrations (ppb) of PCBs detected in muscle sarnplis from San Diego Bay durihg 1998. Data are presented for total PCBs (~PCB) and individual ,.' 

congeners. BSB = barred sand bass; CB = calico bass; CH = California halibut; SSB = spotted sand bass; YC = yellodin croaker. 

. ,  
PCB c&ngeners (ppb) 

L - .  , - 
< ?  

Station Species ~ P C B  . 49 52 66 99 I01 105 110 ' 118 138 149 153 170 180 187 +,  , :c - 
; .'. 

2229 BSB - 43.6 - - - - 7 9  . - - *  +- . 8.1, -. -9.6. - 18.0 - - - '<, . . 
2259 BS6 95.5 - -- - 8.0 -1.0 - - 7 .  0 . 1 . 0  - '8.3 27!0' ‘ .- 7.3 ' 7.9 r i 

.f . 
172.2 9.0 11.0 9.7 ,13.0 21.0 - i l l . 0  - .18:0 18.0 12.0 32.0 - 7.9 9.6 - 7, - '2434 CB . > - ,  i* -- 7 

7 4 

LA1 CH - - - - - - - -  - - - -  - - - A  
,,~ . 

", i , '  , 1  -. : -1 - 
' . \< . b 

2223, SSB A 106.9 - . - ' - 13.0 ,10.0- t ̂-  ' < .  . ..-. ~ i 6 . 5  - ,.18.5- -- : 32.5 -. 8.3 8.2 I ,*I s= 

' 17.0 17.0 ",- , 32.0 ' - , 7.4 1.8.6. . + * :  *' 
,z 

2225 SSB 1 0 5 0  - - - 1 0 12.0 , -. - - - 2 
- A  -.7'!8 .11.0. - :.21.0 -," -'L .- z % 2235 SSB .- 55.3 : - - - 7:9 : _ 7.6 _ - - -. - > t : > .  % 

> . = .  - 
2236 SSB - 11.0 . - - 8 - - - -  - - - -  0 . - - --- , >  

- - . , - - 2  : 
- - I w- 

. - - 5  - .  -, . . 6.8 - . . 15.0 - -- ,- - (. ,_ . r 7  
5 ;  

.2238 SSB 21.8 - - ' -  - - - -  "- . . - ' >  - . . -  
- 6.3 *-; 

.2240 SSB 4 6 . 4 > . . _  - - - - - - 8.1 11.0 - 21.0 - - & . - * L '  - " -  I _ "  I .r .- .. ; - - , ;-.* , * - - , ~ - .*-- - -,-I. - . -  - - -* -- -. - - -- - 2247 SSB :$ 
, ,  . - b 

- * 
r <  .: 55.3 .-- - - - '8.8 10.0' - ! v  22.0 - - - 6.2 -. -- .. 2261 SSB 8.3 - -.- , . ;., 

? 

_ . _ - -  8 -  - - - - - - - - - -  c :  
" 2438 SSB # .  ~t~ , .  

2439 SSB 133.4 3.3 . 3.8 6.0 , 8.5 $14.4 5.0, :4.1 20.5 17.7 '4.8 30.5 2.9 6 . 5  5.5 . ' , . A -  3 i  
.* 

LA2 SSB 12.0 9.7 - - , . 15.0 20.0% - 36.0 - 7.7 9.2 . ' .:' -109.6 - - - . E, 
I - -  - 7.6 - z - -  LA3 SSB 7.6 - - - - - -  - - 1 (  

- - <., 
- < -. . , I ", 1 

I " < ,  .& - 

2245 ' YC .% -' - t , I - 12.6' - - . _L - - - -. - - - . 12.0 - - - ;-.< 
a>> . i.. . - 7 .  

- A  , . . ' - A 1 /  .*i 
All Species, . . - . -I ., , - 

. a- & 32 ) 02. ...A* . . 4 1  53. . " fL6; :< 12;;+43$-?- 65;; ..18 -' $ : 6: 35 47- > : -: 24, 
% Detect . . t 5; ,L$ . . - .  . , .. ,;- ;:5 , -- . -, \ 5, - ;:-; .-.. .; , ..- . ,- < i . - . . i . .  -., ...- y . - ,  -.< >& , ." - -  

,\ - - -, .& - 
:,.:? 2 = < "  f . - I  - . -  . I "' , -> .i-* 
, - _ -  * :-, 
1 '. - . .  : -. - - 

*> *', - - -  :I .. - -  , &*. . , "$ : ", - .- , . - -. . "". - -*- . * .+-., " ., - " : - a 2  
* , " . .. , <- %-.,,Y.4 - 

... *.,s i r  .- " :. ,- $" *>: -<: c I_ 1 . 
2 -, y -' - 1 c - . ~  '. ' i ? -  

--;, - - . . 
, :, " . . .I ": :> 

% ' _  
+ >- . - . 'I * C " \  .' .*+--,*> >+ ;.*.?" -, . - ,  - ? . ;. .,- 7 . . +' :7, 5 . ,- ' : .. . . . :: 

... . - >  . , - .  
? " .  i - r -2 r :. ., .. .- , -I. - , .  1 r - <  ,OY 

cay..- e - s . ~  r-creu , . v -  ,.- - 7  

-- - - --, -L.T.- r -  p-c?-~ c--t-F 7 - . .  2; *c^r.l L ,.: 3 ,L,,,Z I,,, 
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6 1998 San Diego Bay Report Bioaccumulation of Contaminants in Fish Tissue 
, $ , .) -..- ' .  - - h . - "  .X,,Z.-,,." ?.<C*L +,,;,. *, '. . <:,, , ..;,;,, yFVry'- . " &:I '"' . . r  . ,  

L alt~ough less fii~$inili &&I ~D~. .~Ie l*dnn;  .f;r egami,le,~& fo~nd-&twos~btted'ignd b~~d.sam'~~~~C'611~~ti:d 
at stations, 2223 and 2225 in the shelter 1~1and~acht ~asin,&d,ditio~all~; although chlordane is g?n&d&ed, a 

i 
-. L I 

i contaminant of concern in ~ a n ' ~ L e ~ b ~ a y ' ( s e e  USDON~SWDIV,&~~SDUPD iooo), thi~'.p'ksti;id&i?as 
found in only one sample of yellowfin croaker-collected at station2245 ~ a r  &e Silver strand. AU p&tiiide 
concedtrations were less than.intkmati&m,l; federd arid state consumption limit's. I 

' I .  

I a % . "  .> . . r * . . .  ' 6 
P C B ~  

t 

< .  ' :+ 
. ,,, . I 

i. . 
' I  4 . L  , "  

! PCBS were found in the muscle tissues of almost all species'offish collected in tbe ~ a ~ ( ~ a b 1 e  52). The bbiral~ 

,! detection rate was 82%, and ~ P C B  valdes rdged fiqm 7.'6 to 172.2 ppb.!$or a.., mqit samples; tPCB was 
largely composed of the congeneis'l 53,:138,ll~,,and 101. saniplki withthehighest ioncentrat;bnb tended 

E tolhave the greatest number of congenersrprese6t. The highest tPCB conc~r&tions occurred ~i&lico~bass 
b and spotted sand bass samplei 'qollectedat I , , .  stations 2434 @d 2439kea~~oivair  Lag&< an areakiiown for 

- ,  
> . ,- " ' !  's, , $5 - & > L A - 2  #".<? 

high PCB kdirnent con&ation~(seeti~~eY et.al. 1996). , .. ' ;,.', +, % :a: ,% , .,:, a L r 

< A , p , <";c., 9 , , / t ".. * -  t. > L < . , ~ ~  \ ., <" 

$ ' L  * . :' 
\ - ? " A  I . ' ,  h.' , A .  <;=-/,':, 8 . "  

. I .  . . . .  . ,* * , " , > ' ;!. -* ,  ,' > . r.,.,. .... * - &. , , * 1- 

'4 , - -  " .: 'r . - '* ,  .,, .-- -, . ,r, ..-.I:.'".-:-. . . .. . . 
& ~ b s t  PCB concentrations repoked hekin were-much higb~r~thmtypicall+.ie~;orted inthemu&le ti:ssu& of ' , ...-,. *, 

a flatfish: rockfish and sand bass sampled &offshb;ie waters off6fPo+t'Lorna and southern San Diegq(City of 
d 
I 
:: d 

'  an Diego 1996, 1997, 1998, 1999, 2000a '2000b,~2060~, 2001i, 200,lb; 20028,2002b). However, 
, human lkd@,threshqlds for PCB cpiicen.h.ati~iL , I f -  m u s c ~ s s ~ e ~ i k $ V k  been e&bfish'@ . . ,? ,L ,+ -,, &tlyfor . PCBS ~ ~ ~ e d  , -* ~ -+ x 

as cbrnmercial mixtures (i.e., Aroolors), ar;d thirefore could.&ot be applied directly to the congener data 3 reported here. G * -  ;":.+ x . ' , "; : ,I j s  h i c ~ 7 h * i l ~ ' ~  , : ;*$ : ' 
%' 

, '  
, -  Contaminants in Whole Fish from s a n L ~ i i g o  bay , ' . ;::' 

9 " .  
\ - ,  < L 

- < 

k , I .  . ., . . . .  , ..>i , L ? . .  .< . ' 8 .  ",;*;,'"' ' ~ > > + *  <.. % :;,.:;-2.>,,* ' , . *\,:*;.. '<?, *? :;' ; 8 $! *dk< 

Z I )  ' -1, , . . , 2 . 1 < 

Pesticides . I ,  , -  . > " . '3"2  ' :.' : %' ,- .! .: . .~~;.;a 6 ,%;,, 

., - , , " -4 ,, .-<$>,> L 2 --* 
r L J  ,. >c 

7 .>, -,, 

h ~ ~ ~ o c c u r r e d  in allc~alifo~a&ibut ~ h o l e e f i s h s ~ P l - e ~  coll&ctedidthis'siud$ i t  condentrations hgingfid& F 
3 18to,70 ppb (Table 5.4). The h i g h k & D ~ ~  concehtratiii&was found in'di'sh bolleLted , I *  at station~2233~lo'cated 

'just south of the Coronado Bridge in the middle of the Bay, The lowest corice'nktion~ occurred iii fish collected 
9 at stations 2254 and 2262 lbcated along the'edgis of the Bay (see ~ i ~ h r e ~ 5 j l ) .  A11 values exceeded the 
i:! 
P a predator risk threshold of 14 ppb for DDT'(see Environment Canada 1.997). ~b chlordane wasdetected in 

any of the whole fish samples analyzed during this study. 
>.. 
!P 

,; " ",, 

,ti PCBs ; A  " ,, , , ':r , , , i r p 7 

'$ 
$PCBs were also detected in all of the California halibut samples collected in-Sin Diego Bay (Table 5.4). Total 

-3 PCB concentrations ranged from 63'to 323 ppb, .with overP7,O% of the samples exceeding 200 ppb:The 
a highest PCB value was found in"fish collected at station2242,located mid-channel across from the,Naval 

Station San Diego (see Figure 5:  1). The lowest PCB bonce&rationhas detected in fish collected at station 
2262, which coincided with one of tlie lowest levels of DDT found in-the halibut samples.. ' 

I - 
1) 

. s t  ,> / ";" . , * ,  

% 

: i Total PCB was composed primarily of congeners 1'53,13 8 and 10 1, all of which occurred in 100% of the 
1 .I 
49 

whole fish samples (Table 5.4). PCB 1 18, the only detected congener with recognized dioxin-like toxicity (see 
Van den Berg et al. 1998), was 3mong several other congeners detected in 86% of the fish. Each of the six 

Y; halibut samples with PCB 1 1 8 present had PCB TEQs that were greater than the Environment Canada predator 
\ 2 protection threshold value for mammals. Because PCB 1 18 is considered 10 times less toxic to birds than to 

mamrnals (Van den Berg et al. 1998), none of these samples exceeded the threshold for birds. 
1 i .  

F 
2.5 
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'fiomtSan Diego Bay thin in the other.bays'an'd'h'grbors3n contrast; DD'T concentrations an&detection * I  rates ! :  
were similar in fish f?om all of the southern cgifokia embayments. >-I , > -" $0; , b. ' * 

* . I ,  ' , > .. ,- . . _ c  '" < 1 . .; : . : , - :."I- .' C * , ,  < . ) - .  
t., . ? \ b  r; 

" .  * " .  .% ...:- ". " ,,+, :': ;? 4; - I "  
.I : - ' 4  ' -* 

I t  wasnot possible to determine temp&al kinds ih i-b~taminat~o~levels'i-O~SS D ~ ~ O ' B ~ ~  fish&;. Tlus was trU 

due to differences betweenth study ind previous,swveys in terms of analfical techniques, and the types of 
tissues aqd species angyzed. Hpwever, some comparisons were po'ssible befween t$is studyip,l998"and a !'7a 

> * .  
r 1 : 3 survey paformed by the San Diego County Department of ~ e h &  ~ e k i c e s  in1 988-1989 using muscl~tissues 

from sirnil& species of fish ( S D C D H : ~ ~ ~ ~ ) .  For ~jrimple, ars&iLlevels wire kightly higlie'~r;'c~6mium levels 
p 

were similar, and concentrations of DDT ( i . e . , t h p Y p , - ~ ~ ~  inCSDCDH 1990); mercury and selenium were 2 2 

lower in th_ls survey than in 1989- 1989. Comparisons were also possible between fishes collected in San E ;: 

Diego Bay and those collected in offshore coastal'waters off SatiDiego. w k * l e ~ e l s  of metals and pesticides I" 
were similar, PCB concentrations wire subitantiaJly higher in the inusde tisiiies 65fi~heb &oh San Diego Bay '9 - :j 

tA;. %.,* L. a :u 
than typically reported for coastal fldfish, rockfish, and sand b& smiled off PoGt Lomaahd boutLeh San 
Diego (e.g., City of San Diego 1996,1997,1998, 1999,2000aY 2000b, 2000c, 2001a, 20Olb, 2002a, fE 
2002b). , ?,: + : ,:q . ,  [; 

.. * , 8% 
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Appendix A.1 (continued) 

i .  - -, 

. . - . :, . u 

station Latitude Longitude Sed Chem Benthics Trawl. T B ~  - .Commentsc - s - 
- -  - 

2250 3237.132 11707.014 ns n s n s ns ~ ta t ipn  abandoned; ~3 rn 
2251 32 42.138 117 09.724 

,- 
X7. X * - . I  -.. 1: a- 

2252 3241.512 11709.171 x. x . A - s Z  "; 
2253 32 41.288 117 08.286 x ! x Statibn sampled by SPAWAR. 
2254 32 40.635 117 09.794 x x x x Station sampled by SPAWAR. 
2255 32 40.678 11 7 07.764 x , , . . 
2256 32 40.611 117 08.152 x x x 
2257 32 40.610 117 08.045 x - , > '.: 

2258 32 40.555 117 07.928 x x :ns In~ufficient~fish for.TB, ., , . 
2259 32 40.209 117 07.486 x ns RF ~tatiori abandoned for trawls: obstruction 
2260 32 40.031 117 07.799 x -- J , ,=, . * *:i  :. :: .. 
2261 32 39.049 117 07.590 . XI n s- RF statio) abandone8 for t<awls; ob&uction 
2262 32 39.090 117 07.37.6 - x 5- X 4.,1 ?. ,\.3-: L ;;)- I :  - - " d i L  - I 

- : .  . -  
x -  *j"< . 

.- - . .% r 
* - . ,' : - , , - . : 

2263 32 42.963 117 i d  559 x - -. =. .. _ r S :-5':%-.- F-f ??.; ., <:. .-. =S - .- . - 
2264 3241.123 11707.969 x Station - .' sampled Gy SPAWAR. 

. . . I  - - -  '[ ' 

2265 32 41.033 117 08.418 ,X - .  F . . , 
2433 32 43.341 117 12.553 x\: x ‘A+ , t ' . b . , 7  ._ r . ,$ , ' ,  -, . ,- . .  , 1 . _- . 
2434 32 43.494 117 11.018 \I xi x ns RF . *statl$n, abandp?ed:or trawls; obstruction 
2435 32 42.692 117 13.375 xt  x x ns . liihufficient .-- ,' - fish - for T,B,: , . il + _ ... .lL - - - ,: . = . I t  

2436 32 42.902 117 io.987 x1 x x , X  - * -  - .. I . I .  

2437 32 40.879 117 10.298 ns n s station abandqned; ob5t;uctions. 
2438 32 37.338 117 06.102 x ns RF ~tatioii'abandoneb foj'trawls; obstruction 
2439 32 43.566 117 11.371 x ns RF station-abandoned for trawls; obstruction 
2440 32 43.109 117 10.489 f x x -* ,-: v.+,: ,,,. + :32>*:.; y > : ~  r 2  'i - , a  + 

2441 32 41.469 117 14.281 x x , .~t=tion s-ampled by SPAWAR. 
' 2442 32 41.352 117 14.225 x x % .  Stati~n~sample'd, b y L s p ~ w 4 ~ .  . ,. , . j 

.__ . .  - - L *  

2571" na na . x ' ns lniirific~eht.fish f$ TB : 
2573" na na x ns . " -1nsuffic'ient fish for TBx- - - - i . , '" - I... ' ' -- 

. ,. , , < .-* , - .,*, - -+ 

8) station not in Bight'98 field manual, 5 d d ~ d  a i  trawl orily ktations du-e,--to. ~ack~d;f'sa~mglin~~succ~ss :. ' % + 
. t T q :  1 _ . 1  - . r$  ;- 

b) RF = sampled for fish muscle by rig fishihg because not trawlable "$I,, ,' ' . - - 
. c) unless otherwise indicated, samples weie collected by the.Ci9.----;- . .:- : .- -&- . ' .- -; . )I - : .-? U : - 2 .  .-%--. -- . - ---. - + +- - - . , , , -  - -  . < .  

7 - * j-.- .  - .>$$ -- -. . - -  -. - * 
2 - -  ..' - -< - ,.-. . e- % - ...*... - - - v < . e . , <  :+ - - - - --\ - 

. - 5 * A  - 7 -  T 
- , . x .  r ,  -*- ? .- " % , . . > A .  T-.,, , 

' i  - ' - - I 

/ -  

> .  

- - a .  - q 7. r- - -' Y ----- . *.. -- 9 --*-IF, = tm-#cwl WP-?-%! IwTd ; ,  !&;:)a 5;:.;;1 " , rk,=d r&, r" *M-& ;j * -,,>A 





Appendix B.1 . . 6 , r c s - , - - L -  
~ ." 

i sediment chemistry'cbnstituents analyzed for'San ~ ie~o~E3ay.dur in~ theY~ight!98 regional:survey. Method' 
I > , - .  + ,  - . - .  - ! u*,, - - detectionrlimits (MDL) are listed in parentheses. ' " 

" j ;  ., J 

1 
- '. * ? . , U  , I  1 n .- .organic Indicators (%) I ,, I.L , I . .  

i 
I Total Nitrogen (NA) Total Organic, Carbon (NA), ,I, . :A - ., s L  

. , " ' P  .., - g . : + \ * : ,  >A;)* . :  " i-" ; ". . I _ " * 

I , I , ,  , -- . - l j ,  ' Metals (ppm) .' > A  , . c ,  

Aluminum (5) I Cadmium (0.5) ' g . Manganese (0.48) i 7  Thallium (10) : 
I Antimony (5) Chromium (3) : Mercury (0.03) Tin(12) 

Arsenic (0.08) Copper,(2) . Nickel (3) - Zinc (4) 
Barium (0.042) Iron:(3) , '. - . SeleniSrm (0'31) ' 

b Beryllium (0.2)+> - '~ead.:(5), % -  , I '- :: (sil"et(3) * I . ,. . ' :, , - 
7 3 1  . I ( 1  . c 

3 i , +  1 '  \ ,  

8 Polyclic 'Aromatic Hydrocarbons ,(ppb) ". ' - ' 

3 I -methylnaphthaleneJ(39) ,Acenaphthepe (42) , . Benzo(e)pyrene (1 8) - Fluorene (46) 
I -methylphenanthrene (29) ~cena~hth i lene (25) . 'B+ZO(G, H: 11beiylene (25) lndeno(l.2.3;~~) 

t 2,3,'5-trimethylhphthalene"(39),-~nthracene.(35) ;', ~enzo(~)fluoranttiene (20) .pyrene (22). 
4 
a 2,6-diinethy~na~hthalerk (43) ;~enzd(~)ahthra&ne (23) A ~ ~ i b h e n ~ l  (42)s: -Naphthalene (36) 

2-methylnaphthalene (39) ' ~ ibenzo(~:~)anthracen'e (23)chjlsene ( 2 l j  ,I: Pejlene (18)' ' ' 
a 3,4-benzo(B)fluoranthene (27) Benzo(~)~~<ene 1 I?c (18) , A *I:, ., ~luoranthene Y (39) ' " Phei-lanthene (37) 
4 

,- % - -  , ) T  Biphenyl C ~ ; S ~ O ~ ~ ~ S . ( P C B  ~ongeners)$(dpb) L "  s 

PCB 18 (1000) ' ' y , -  -' . '  . PCB8.1 (4700) - * PCBs126 (1100) 
I, - *PCB169 (1700) 

PCB 28 (960) " ; P C B ; ~ ~  (1800) A .. .; " 'PCEfa128 (8900) ' PCB' 170 (1 600) 
I PCB 37 (1700) PCB 99 (41 00) .. PCB11 38 (1 900) '; 

' I  

~CB ' I  77 (2300) 
PCB 44 (980) -PCB 101 (1 200) J, PCB 449 (1 700). RCB; 180 (2700) 

a 

PCB 49 '(1 300) 1 PCB"~ 05 (930) PCB 151 (1300) :- 'PCB 183 (1400) 
PCB152 (1600) PCB' I 1 0 (990) ~ ~ ~ ' 1 5 3 1 1 6 8  (1200,1400) PCB 187 (1300) 
PCB 66 (1000) PCB? 14 (1'000) ' - ; ,' ' PCB 156 (1 800) ,. " PCB 189"j 1600) 

1 

! PCB 70 (1 000) , L  '3.-'PCB~118'(1100) ' ' ,. :' PCB -1 57'(5600)' !, .--* p~B'-'l.94 (1.800) 
4 PCB" 74 (7900) PCB 119(1200) ' r PCB-I58 (1 100) - ~ ~ 5 ~ 2 0 1  (23d0) 

PCB 77 (3700) PCB 123 (9600) PCB 167 (5000) PCB 206 (5800) 
1 

4 ~. Chlorinated Pesticides (ppt) ' )  ' i 
Aldrin (1400) I %BHC, Beta,isomer (140)') ': EndosOlfan Sulfate (430) o,p-DDT (390) 
Alpha (cis) Chlordane (550) ~ ~ ~ ; i ~ e l t a ' i S b r n e i  (1 300):' ~ndrin 'aihehyde:(~~) ' , p,p-DDD (910)' 

j Alpha Chlordene '(160) ' "  BHC,iGamma isoriier (240) Heptachlor epoxide (240) p,p-'DDE (440) 
Gamma (trans) Chlordane (640)' Cis ~onachlor (270) ~e thoxych lo i  ' 

(3800) p,p-DDT (940) * ' 

Alpha Endosulfan (340) 'Dieldrin (420) Mirex (1800r Oxychlordane 
6 (1 900) > ,  . i % .  

Beta Endosulfan (1400) Endrin "(470) o,p-DDD (260)' ~ r a n s  Nonachlor 
(1 90) , 

i BHC, Alpha isomer (320) Heptachlor (41 0) o,p-DDE (390) Toxaphene (ND) 

Biocides (ppt) 
Tributylt~n (ND) 
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Appendix B.2 .. _ ; A . -4 . ,  ,. .- \+:-: +, < A  i _ j  
Surn~~~aryof-organic loading. . indicators . - ,&. and .particle size pararneters.fpr.San Diego-Bayduringrth,e;.~ighi'98 

'4 regional survey. ~ a t a  inclu.de depth; total nitrogen (TN); total:organic;carbon.(~~~); fine:sediment;,paiticles 
! - 

(Fines); -.median, [mean, and .standard deviation (SD) ofecphi size. "Sed~ment composition'! reflectscfield 1 .  L.J 

observations. 
. . ' . i ' " .  " * 7 .  r ii. y 

Depth TN ' TOC " ~ i n e s  ' {Phi Size - . ,.:> <; -.% , , , ;I I I ,  
L $ 3  

Station m Oh ?/o '10 Median Mean 'SD' Sebiment~~omposition ,..* 

222 1 3.8 0.080 0.859 69.0 ,4.7. ,' 5.1 1.7 olive green silt . d m -  , . -  - 
2222 4.8 0.112 0.985 ' 7 2 .  5.4 5.6 , 1:9 olivegreen silt j l  ' .-, 5 
2223 3.63 0.129 1.113 77,.0 5.6 5.6 1.8, olive green silt i. 
2224 4.5 0.078 0.645 , 40.0 3.4 4.0 2.0 , ol.iye green silt . , I  

2225 3.6 0.095 1.029 - 55.0 4.0 4.4 2.2 graysilt with shell hash - F: 
2226 

h 
, I 4.8 0.210 1.727 91.0 6.0 6.1 I gray;and,brown silt, sulfides , . , .  .- 

2227 8.8 0.1 01 '0.932 50.0 .,4.1 , 4:6 2,.O olive green;silt with shell hash- 
2228 5.2 0.084 0.730 , 45.0 . .3,9 4,'3. i:5.? olivegreen silt 

I '  

2229.' 11.5 0.102 0.925 *,. 4 ,  , ' 3 1  4$Jv 2:4.+ oli,v=:gr$en - - ,  sillt'with shell hash , , F; *A 

2230-  3.5 0.031.1~0.201 , 10:0,;, 2.6 -i2.5,,-1.2. ~livegreen~finesand~..;~.:,,~, :,,, , 
2231 -, . 13.1 0.076.-0.639 29.0, , 2 8  ' 3.6 2 7  o i i ~ e ~ ~ r e ~ ~ s i l ~ ~ f i n e  , >  , sand withrshell.hash F 
2233 8 8  0.056 0.450+ 3410 ,, 3 2  ,. 4:O 1.9 ,. ol&e'gieentsilVclay-'with . r-- . shkll hash : . ;? 

. . I t  

2235 , 3.6 0.074 0.640- 45.0 _ , 3.5 - : 4.3 2-.'3, gray-si!td,; '( ,- i 'C v t  .$ :. 
2238 3.3 0.113 0.958 57.0 4.5 5.0,  2.2 $ray sijt' , ', :i. ;.; , J c  %+ - ,  n 

2239 11.2 0.069 ,0.715 34.0 , 3.1 4.0, 2.2+", olive~green,siit(clay with she!l hash , _ - c l  i' 
2240 ,3.3 0.058 0,.54"7, , 42.0 .. 3:If: . , i44L0Lli:,.2.44 olive green silt with shell hash . , kt 

8 A . ,  , . . f i , c - a . e A 3  .. , i  - 
2241 ' 3.9 0.067 0.517 -18.0'- 2.9 3.4 :. 1:8, oqve green dIVfin6 sc"d - '."lj< i , . * I -  

2242 3.7 0.077 0.742 " - 31 .o-,- 3.0 4.0 '2<1, o!ive,green silt a I p 
4 

2243 3.9 0.076 0.487 35.0. 3.1 4.0 2.2 ~ i v e  green silt 3 

' P ,  

2244 3.3 0.039 0.297 .2030 3.0 3.4 1.4 olive gfeen silt 
2245 3.9 ; 0.098 0.284. , 58.0 4.4 4.7 2.4 :olive green siltlclay 1 a d l  

b 
. a 

2247 3.3 0.067, .0.582: ,444 3% 4.4 2.3 lolive green silt < , 5 , 
2249 3.0 0.1471.349, 72.0;~ 5.4 5.6 '2.i %'gr$y,si~t.< ,' ., ,:I 

i 
2251 8.5. 0.138 1.994 , 7-2.0 - 5 4 5:5: -;2.1 ,olive,green silt i .".,, , . -  - . 0 
2252 10.9 0.032 0.593 16.'03 - '2.3 2.9,: 2.2 I;edlbrown/black mixed sed& shell hash 
2253 7.4 0.142 1.567 66.0 5.0 5.2 ' 2.1 ollve green siltlclay 

i 
2254 4.5 0.065 0.662 33.0 unavailable olive green' fine sand/siltlclay ? 
2255 10.6 0.085 1 . I  76 59.0 . 4.7 , ,4.9 .. .2.3, }ol~ve green silt with shell hash E 

, . , .  * i 
2256 8.2 0.150 '1.261. ,67.0 5 0  5 .  2.1 olive g+en silffclay 
2257 8.5 0.137,4.632" . 77.0 5.8 5:81 2.0 oliveVgreenb sil,t&lay . , , s i 

2258 11.2 0.127 .&I .443 71 :0 5.6 5.5 2.2 olive',green siltlclay with shell 'Gash 
2259 10.9 0.113 4.242 66.0. 5.1 5.1 2.4 olive green siltlclay i 

2260 3.6 0.061 0.513 27.0 3 0 3 8 :1.9 olive green silt 
I 

2262 10.3 0.1521.644 74.0 5.7 5.7 2.1 ollvegreensilt . 
2263 13.1 0.127 1.248 73.0 5 5 5.5 2.0 olive green silt I 

2264 10.1 0.170 2 007 73.0 5.5 5.6 2.0 olive green silffclay 
2265 11.2 0.061 0.354 13.0 2 3 2.5 1.6 olive green silt with shell hash 
2433 9.1 0.121 1 168 71:O 5.2 5.4 1.9 ollve green and gray silt 
2434 3.3 0.083 0.714 45.0 5.4 5.5 2.0 olive green sllt with shell hash 
2435 12.1 0 073 0.548 49.0 ,4.0 , 4.3 2.0 01ive'~reen silt 
2436 11 0 0 140 1.361 53.0 4.3 4 5 '2 4 olive green silt with shell hash 
2438 3 4 0.102 0 921 64.0 4.9 5.1 2.3 gray siltlclay 
2439 3.0 0.100 1.026 53.0 3 8 4 3 1.6 olive green silt 
2440 10.0 0.054 0.496 38.0 3.2 3.9 2.1 olive green silt 
2441 15.6 0.191 1.974 79.0 5.5 5.6 1.7 olive green and black siltlclay 
2442 13.3 0.239 1 987 79.0 5.5 5.6 1.8 olive green and black silffclay, sulfides 

Mean 7.2 0 10 0.99 51.9 4.2 4.6 2.0 
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: Appendix 8.4 (continued) a/ J ,  ? , . #  .,.. * -  . . ,", 1 L~~ , , ,  ...;" , 
h 

1 I .. r + > 3 .  " 

Station Benzo(E)- Benzo(G,H,I)- ?Ben&(~)- h'~h&*,e"e b i b & i o ( ~ ; ~ ) -  Fluoianthene Fluorene 
[ pyrene perylene 'fluoranthene . ' . anthracene -.-', ,". 

i 2221 12.3 12.7 : .14:4 . ' *9:5 ." nd "md nd 
2222 30.3 25.2 :.: :"36.8 i: 20.2 ' ' Hd > * 2 3 . 3  . +nd 
2223 , 20.2 13.5 ' '2"1.6 , 16.6 nd ,,; 'nd 'm-d 1 2224 nd nd , , :,',end , i' i nd ' :' nd - -nd ' i . ~ d -  
2225 18:4 nd 1h!34.5 : + -, 46.0 " nd I nd -na - _  

7 2226 91.7' a 50..1 .' T03.0 ' +  93.0. in d 59.3 nd: 
I 2227, 55:4 36:3 i "56.3 *, , ' n d  ' 62.3- :-nd-- 
1 I ,  8 * 

1 -  + 

'2228 84.4 63:6 . .:,7;7.4 , ; '179:4 +- - .rid 72.3 . nd;. 
r , ,  J - , . 

3 2229 80.4 54..7 I " .  ,;,l~4.0 1 2 0  .'. - >nd- , '142:O . rid 2 

j > 

i 2230 n d .nd , ; ~ - " ~ d  ;.nd ' L :  nd" I nd - . ,  nd:, 
a 2231 "60:;j . 49.0" , :':'56.9 . 5-0.9:. ' a ;:'Y b > 

c,' -' . 2 '. , 
A '  .41.9 ' n'd 

> k n d -  ' , 2233.' nd ' nd ..t.tnd I . .."; : nd:' , +.. - A  , -' nd ':? n:fi :: 
1 ' . > , 1  ' , 

' 
.. . 

f ,  2235 nd . n'd I .s:nd , b;ndl ", n d nd -c.nd- - 
' L  I 9 2238 n d n d b.':fid . ;+i.nd", :' ".,,d k :: nd . fndl 

, *  

2239 
. ,;n,,.$" 

74.6 49.7 '80.5 !: 70.1 - .a '  .nd. '.55.9 
6 2240 27.5 26. 1 -, '10.4 .,- .nd L;,' nd ' nd " :'hdlk 
; ,  224 1 nd .nd. t rnd ' ' ‘  nd :. 'nd. 

, . - 5 .  -nd .rid ' 

. A2242 29.0 29.9 , ' ' ,: '30.6 '21.3 > .'-+nd a r ' nd:, ' ;.:nd: , ' , 

4 2243 8 nd nd " 1 (nd ' -?d. ) ' nd ,.? 

i @' 
g 2244 nd n d ' .nd .' nd I tnd . nd . ;.Tnd- . 

2245 21.6 nd ' ', -'nd . - nd ' " 'nd  nd . . ,'-,nd. 
4 2247 18.8 nd : 'nd I ' nd ;nd n d .' nb' , , +  

'2249 ' 21:8 n d " 22.6 4, 25.4: b "d 43:9 +.-nd 
225'1 499.0 282.0 329.0 "536.0 + 97.6 = -503.0 ' 5 -  nd 

5 2252 n d n d , + - -  I ,nd :" nd 'nd ' nd ,nd 
l 
b 2253 200.0 ' (87.0 a '18'8:0 134.0 ,>43.3 ,"1*43.0 , ' nd' 
r! 2254 1180.0 289.0 1160.0 1330.0 !193.0 1~500.0 54.0 

3 
2255 205.0 91.0 I " 495.0 .227.0 -48.9 ' 220.0 -nd 

i I 4  I 

2256 32.1 22.7 c <  '"0.9 '26.0 nd 20.2 nd 
2257 43.9 ' 27.2 '46.7 38.1 ' a "-nd 25.7 nd 

3 
, . 2258 47.8 21.3 '40.0 37.6 n d 19.7 n d 

1 
f i 2259 304.0 123.0 '277.0 279.0 65.6 ' 94.6 .<rids 
k 2260 n d nd " nd nd n d - nd nd 

2262 60.9 35.4 ' '65.1 58.2 ' nd 39.3 nd' 
? 2263 263.0 122.0 '305.0 357.0 59.4 146.0 27.6 
;t 2264 306.0 54.0 '350:O 436.0 37.3 251 .O -nd 

2265 n d nd $ '  nd n d " nd n d n d 

9 2433 48.0 30.4 '49.4 163.7 n d 46.3 nd. 
; 2434 122.0 73.7 12'4.0 '100.0 28.6 98.6 n d 

2435 n d nd n d " nd nd n d "nd 
2436 42.1 33.7 -51.2 48.9 nd 48.4 n d 
2438 n d nd nd ' nd n d n d nd 
2439 72.0 42.9 73.6 73.4 nd 48.3 n d 
2440 n d n d n d n d n d n d .nd 
244 1 86.7 29.0 1'07.0 .192.0 ,nd 220.0 n d 
2442 284.0 73.2 388.0 808.0 49. I 1.340.0 .nd 

Mean 96.6 , , 402  , 96.5. , a , 1,16.7 13.5 o x  , 114.5> - 1.8 



2442 89.0 114.0 207.0 1000.0 

Mean 41.2 27.3 28 3 -128.5 

























'Taxonomic arrangement from Nelson 1994. 


















