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Executive Summary

Compliance monitoring for the South Bay Ocean Outfall (SBOO) is performed by the City of San Diego in
accordance with a Memorandum of Understanding between the City and the United States International
Boundary and Water Commission (IBWC). The study area extends from the tip of Point Loma southward to Punta
Bandera, Baja California, Mexico, and from the shoreline seaward to a depth of about 200 ft. Prior to the initiation
of discharge on 13 January 1999, the City also conducted a 3½ year baseline monitoring program that was designed
to characterize background environmental conditions surrounding the outfall and provide information against which
post-discharge data may be compared. The City has also conducted regionwide surveys off the San Diego coast
during the summers of 1994 through 2001. Such regional monitoring helps to evaluate patterns and trends over a
larger geographic area, thus providing additional information that may help to identify and distinguish reference
areas from sites impacted by wastewater and stormwater discharge.

The present  report focuses on the SBOO monitoring results and conclusions from January through December
2001 and also discusses general differences with previous years. Sampling included monthly seawater
measurements of physical, chemical and bacteriological parameters in order to document water quality conditions
in the region. Sediment samples were collected semiannually to monitor changes in sediment quality and benthic
infaunal community structure. Trawl surveys were performed quarterly to characterize communities of bottom-
dwelling fish and large invertebrates in the region (i.e., demersal fishes and megabenthic invertebrates). Chemical
analyses of selected fish tissues were also performed in order to quantify and document contaminant levels that
may have ecological or human health implications. Finally, results of the July 2001 random sample survey of
regional benthic sediment and infauna conditions are included in Appendices D and E, respectively.

WATER QUALITY

Water quality conditions in the vicinity of the South Bay Ocean Outfall are influenced by both natural and
anthropogenic factors. During 2001, changes in most of the physical and chemical water quality parameters
coincided with seasonal patterns in oceanographic conditions. For example, winter storms at the beginning of the
year resulted in a water column that was well-mixed with very little thermal stratification. This period was followed
by an increase in stratification from the spring through early fall. The lowest water temperatures occurred from
April to June, particularly at deeper depths. This cool water mass was characterized by relatively high salinity and
slightly reduced dissolved oxygen and pH and was accompanied by coastal upwelling. An expansive red tide
followed in July. Stratification broke down by the end of the year, leaving an almost homogenous water column
throughout the region.

Storm activity, land and riverine runoff, wastewater discharge, and other anthropogenic inputs were the likely
factors influencing densities of coliform bacteria in the region. For example, shoreline and nearshore waters in the
area were characterized by low transmissivity and high concentrations of bacteria during the first few months of
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the year when storm activity was prevalent. This was most evident near the Tijuana River and at the southernmost
U.S. shore stations. Stormwater inputs and Mexican sewage spills in January and April contributed to the
contamination in the river at these times. Additionally, wastewater discharge from the sewage treatment plant
located near Canyon San Antonio de los Buenos in Mexico likely impacted the southernmost monitoring stations
at various times. Coliform densities along the shore were lower during the summer months than during the rest of
the year. These patterns were similar to those seen prior to discharge and during the first two years of compliance
monitoring.

The wastewater plume from the South Bay outfall generally remained offshore and beneath the surface layers,
limited by stratification of the water column throughout most of the year. In contrast, the absence of a stratified
water column in March and December allowed the plume to surface  near the point of discharge; however the
monitoring data did not indicate that the waste field moved onshore.

The numerous anthropogenic inputs in the South Bay area make it difficult to distinguish effects associated with
the outfall from those caused by other sources. Shoreline sources clearly radiate into nearshore waters and tend
to impact surface conditions. In contrast, discharge from the outfall usually remains offshore and near the bottom.
However, plumes from the various sources may merge under certain oceanographic conditions (e.g., winter
storms coincident with an unstratified water column), creating a less definitive picture of cause and effect.

SEDIMENT QUALITY

The physical structure and overall quality of bottom sediments near the South Bay Ocean Outfall were similar in
2001 to those observed during previous years, with the sediments at most sites being composed of primarily fine
sands. Although there were differences in particle size composition between surveys also occurred at some sites,
this may be partly attributed to patches of sediments associated with multiple geologic origins (e.g., relict red sands,
other detrital material). In general, sediment grain size increased with depth.  Sediments were coarsest at sites
along the 120 and 180-ft depth contours where large deposits of Pleistocene sediments occur. Finer materials,
present in shallower water, were probably due to sediment deposition from the Tijuana River or, to a lesser extent,
San Diego Bay.

Little evidence of anthropogenic influence was observed in terms of organic enrichment or the various sediment
chemistry parameters. Concentrations of organic indicators and trace metals were generally low in SBOO
sediments compared to other coastal areas off southern California. Similar to many other studies, the highest
organic indicator and metal concentrations were associated with finer sediments. Two derivatives of the
chlorinated pesticide DDT (p,p-DDE and p,p-DDT) were detected in only three of the SBOO sediment samples
collected in 2001, all during the July survey. The p,p-DDE derivative was detected at station I-29 and p,p-DDT was
detected at stations I-35 and I-14.  This study found no evidence that the occurrence of these pesticides is related
to input from the SBOO. Stations I-29 and I-35 are located at least 7.3 km north of the outfall, while station I-14
is located near the end of the northern diffuser leg, a section of the outfall that receives no discharge (see Chapter
1). Furthermore, these pesticides were already known to occur at these sites prior to construction of the outfall (see
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City of San Diego 1999).  Polychlorinated biphenyls (PCBs) were detected rarely in sediment samples, while
polycylic aromatic hydrocarbons (PAHs) went undetected. Two PCB congeners (PCB 138 and PCB 153/68)
were detected off shore of the outfall pipe at station I-13, however, these measurements were well below the
MDLs and are considered unreliable.

BENTHIC COMMUNITIES

Benthic communities in the SBOO region consist of  infaunal assemblages that vary according to differences in
sediment structure (e.g., grain size) and depth (e.g., shallow vs. mid-depth waters). The sandy sediments at most
sites in 2001 were dominated by  the spionid polychaete Spiophanes bombyx, a species characteristic of other
shallow water assemblages in the Southern California Bight. Another type of assemblage occurred in slightly
deeper waters. This assemblage was dominated by the polychaetes Chloeia pinnata and Pista sp B, and the
ophiuroid Amphiodia urtica, and probably represents a transition between assemblages occurring in shallow
sandy habitats and those occurring in finer mid-depth sediments off southern California. Finally, sites with
sediments composed of relict red sands were also characterized by unique assemblages.

Patterns of species distribution and abundance varied with depth and sediment type in the region. However, there
were no clear patterns with respect to the South Bay outfall. The range of values for most parameters in 2001 was
similar to that seen in previous years. In addition, values for community parameters such as the infaunal trophic
index (ITI) remained characteristic of undisturbed sediments, ranging from 68 to 95 over all sites. Finally, changes
in benthic community structure near the SBOO are similar in magnitude to those that have occurred elsewhere in
southern California. Such changes often correspond to large-scale oceanographic events or other natural events.
Overall,  benthic assemblages in the region are still similar to those observed prior to discharge and to natural
indigenous communities characteristic of similar habitats on the southern California continental shelf.
Consequently, there is no observed evidence from the present monitoring efforts that wastewater discharge has
resulted in any degradation of the benthos in the area.

DEMERSAL FISH & MEGABENTHIC INVERTEBRATE COMMUNITIES

Speckled sanddabs dominated fish assemblages surrounding the South Bay Ocean Outfall in 2001, except in
January when white croaker and the northern anchovy were collected in very high numbers. The overall
dominance of speckled sanddabs was similar to that seen in previous years; these fish occurred at all stations and
accounted for 36% of the total catch. Such results are expected because the shallow depths and coarse sediments
in the area represent the typical habitat for this species. Other characteristic, but less abundant, species included
the hornyhead turbot, California lizardfish, longfin sanddab, spotted turbot, California halibut and California
scorpionfish. Most of these common fishes were relatively small, averaging less than 20 cm in length. Larger
species included California halibut, specklefin midshipman, diamond turbot, California skate and round stingray.
With the exception of California halibut, these fishes were collected infrequently.
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As in previous years, fish assemblage structure varied among stations. Differences in the total fish catch per trawl
reflected fluctuations in the abundance of several of the more common species (e.g., white croaker, speckled and
longfin sanddab). The high abundance and biomass at some sites reflected the occasional capture of large
populations of species such as white croaker and northern anchovy. Although megabenthic community  structure
also varied between sites, these assemblages were generally characterized by low values for species richness,
abundance, biomass and diversity.

Overall, no evidence has been observed that the discharge of waste water has affected either the fish or
megabenthic invertebrate communities in the SBOO region.  Despite variability in both communities, patterns of
abundance, biomass and number of species were similar at stations near the outfall and further away. In addition,
no changes in these communities were found near the outfall that correspond to the initiation of the discharge. The
absences of fin rot or any other physical abnormalities on local fishes suggest that populations in the area continue
to be healthy.

TISSUE CONTAMINANTS IN FISHES

There were no clear spatial patterns between the SBOO trawl stations in terms of fish tissue contaminants in 2001.
On the other hand, while DDT and PCBs were detected in rig fishing samples from both outfall and reference
stations, concentrations were higher at the outfall station (RF3). Tin, HCB, and trans Nonachlor were also reported
in muscle samples from RF3 only. Caution should be exercised in the interpretation of these data, however,
because California scorpionfish are known to move between large geographical areas (Hartmann 1987, Love et
al. 1987), so that the origin of any contamination is uncertain.  Although contaminants were present in liver and
muscle tissue samples, concentrations were generally within the range of values reported previously for other fish
assemblages in the Southern California Bight. In addition, concentrations of most contaminants were not
substantially different from those reported in the area prior to discharge.

The frequent occurrence of both metals and chlorinated hydrocarbons in SBOO fish tissues may be due to many
factors, including the ubiquitous distribution of many contaminants in coastal sediments off southern California.
Other factors that affect the accumulation and distribution of contaminants include the physiology and life history
of different fish species. Exposure to contaminants can vary greatly between species and even among individuals
of the same species depending on migration habits. For example, fish may be exposed in a highly contaminated area
and then move into one that is less contaminated. This is of particular concern for fishes collected in the vicinity
of the SBOO, as there are many point and non-point sources that may contribute to contamination in the region.

Similar to the results described for the demersal fish community, no evidence has been observed based on the
bioaccumulation data that fish collected during 2001 were affected by the discharge of waste water from the South
Bay Ocean Outfall. Muscle samples from sport fish in the area were found to be within FDA human consumption
limits for both mercury and DDT.
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Chapter 1

General Introduction

Treated effluent from the International Wastewater Treatment Plant is discharged into the ocean via the South
Bay Ocean Outfall (SBOO) under the terms and conditions set forth in Order No. 96-50, National Pollutant
Discharge Elimination System (NPDES) Permit No. CA0108928 and Cease and Desist Order No. 96-52. The
NPDES permit defines the requirements for monitoring receiving waters around the SBOO, including the sampling
plan, compliance criteria, laboratory analyses, statistical analyses and reporting guidelines. These receiving waters
requirements went into effect upon initiation of discharge on January 13, 1999.

Compliance monitoring for the SBOO  is performed by the City of San Diego in accordance with a Memorandum
of Understanding between the City and the United States International Boundary and Water Commission
(IBWC). Prior to discharge, the City also conducted a 3½ year baseline monitoring program in order to
characterize background environmental conditions surrounding the SBOO (City of San Diego 2000a). The results
of this baseline study provide background information against which the compliance data may be compared. In
addition, the City has conducted annual region-wide surveys off the San Diego coast since 1994 (e.g., see City of
San Diego 1999, 2000b, 2001). Such regional surveys are useful in characterizing the ecological health of diverse
coastal areas and may help to identify and distinguish reference sites from those impacted by wastewater and
storm water discharge.

This report presents the results of the third year of post-discharge monitoring at fixed sites around the SBOO from
January through December 2001. Comparisons are also made to conditions during previous years in order to
assess any outfall related changes that may have occurred (see City of San Diego 2000a, b, 2001). Each major
component of the monitoring program is covered in a separate chapter: (1) Water Quality; (2) Sediment
Characteristics; (3) Benthic Infauna; (4) Demersal Fishes and Megabenthic Invertebrates; (5) Bioaccumulation
of Contaminants in Fish Tissues. In addition, the results of the July 2001 random sample survey of benthic
sediments and organisms for the San Diego region are included in Appendices D and E, respectively. Detailed
information concerning station locations, sampling equipment, analytical techniques and quality assurance
procedures are included in the Quality Assurance Manual for the City’s Ocean Monitoring Program (City of San
Diego 2002). General and more specific details of these monitoring programs and sampling designs are given
below and in subsequent chapters and appendices.

SBOO MONITORING

The South Bay Ocean Outfall is located just north of the border between the United States and Mexico. It
terminates approximately 5.6 km offshore at a depth of about 27 m (90 ft). Unlike other southern California
discharge pipes that are located on the surface of the seabed, the SBOO pipeline begins as a tunnel on land and
then continues under the seabed to a distance of about 4.3 km offshore. From there it connects to a vertical riser
assembly that conveys treated effluent to a pipeline buried just beneath the surface of the seabed. This seabed
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pipeline splits into a Y-shaped multiport diffuser system, with the two diffuser legs extending and additional 0.6 km
to the north and south. The outfall was designed to discharge and disperse effluent via a total of 165 diffuser risers.
These include one riser located at the outfall diffuser wye and 82 others spaced along each of  the outfall legs.
However, low flow during the first three years of operation required closure of all ports along the northern outfall
leg as well as many of those along the southern outfall leg. These closures were necessary to maintain sufficient
back pressure within the drop shaft so that the outfall could operate in accordance with the theoretical model.
Consequently, discharge during 2001 and previous years was generally limited to the distal end of the south outfall
leg, with the exception of a few intermediate points at or near the diffuser wye.

The SBOO sampling area extends from the tip of Point Loma southward to Punta Bandera, Baja California,
Mexico, and from the shoreline seaward to a depth of about 61 m (200 ft). The offshore monitoring sites are
arranged in a grid spanning the terminus of the outfall, and are monitored in accordance with a prescribed sampling
schedule. Sampling at these fixed stations includes monthly seawater measurements of physical, chemical and
bacteriological parameters in order to document water quality conditions in the area. Benthic sediment samples are
collected semiannually to monitor infaunal communities and sediment conditions. Trawl surveys are performed
quarterly to describe communities of demersal fish and large, bottom-dwelling invertebrates in the region.
Additionally, analyses of fish tissues are performed semiannually to document levels of chemical constituents that
may have ecological or human health implications.

RANDOM SAMPLE REGIONAL SURVEYS

The City of San Diego has conducted regional benthic monitoring surveys off the San Diego coast since 1994.
During the summers of 1994 and 1998, the City participated with other major municipal wastewater dischargers
in large-scale surveys of the entire Southern California Bight, the Southern California Bight 1994 Pilot Project
(SCBPP) and the 1998 Southern California Bight Monitoring Survey (Bight'98). Results of the SCBPP benthic
survey are available in Bergen et al. (1998, 2001), while those for the Bight'98 project have not yet been completed
(see Bight’98 Steering Committee 1998). Subsequent to the SCBPP, the City of San Diego continued to conduct
similar but less extensive surveys of the San Diego region as part of monitoring efforts for the South Bay Ocean
Outfall.

The 2001 survey of randomly selected sites off San Diego covered an area from Solana Beach south to the United
States/Mexico border and extending offshore to depths up to about 201 m (660 ft). All sampling was conducted
during the month of July. This survey, along with previous regional surveys, used the USEPA probability-based
EMAP sampling design in which a hexagonal grid was randomly placed over a map of the region. One sample site
was then randomly selected from within each grid cell. This randomization helps to ensure an unbiased estimate
of ecological condition (SCBPP 1994), and serves as an alternative to the fixed site design that is widely used in
other compliance monitoring programs. Although 40 sites were initially selected for the 2001 survey, only 38 were
successfully sampled for benthic infauna and sediments. Sampling at two sites was unsuccessful due to the
presence of incompatible substrates (i.e., rocky reefs), which made it impossible to collect samples.



7

LITERATURE CITED

Bergen, M., S.B. Weisberg, D. Cadien, A. Dalkey, D. Montagne, R.W. Smith, J.K. Stull, and R.G. Velarde.
(1998). Southern California Bight 1994 Pilot Project: IV. Benthic Infauna. Southern California Coastal
Water Research Project, Westminster, CA.

Bergen, M., S.B. Weisberg, R.W. Smith, D.B. Cadien, A. Dalkey, D.E. Montagne, J.K. Stull, R.G. Velarde, and
J.A. Ranasinghe. (2001). Relationship between depth, sediment, latitude, and the structure of benthic
infaunal assemblages on the mainland shelf of southern California. Mar. Biol., 138: 637-647

Bight’98 Steering Committee. (1998). Southern California Bight 1998 Regional Marine Monitoring Survey
(Bight’98) Coastal Ecology Workplan. Prepared for Southern California Coastal Water Research
Project, Westminster, CA., accessible via  Southern California Coastal Water Research Project
homepage on the WWW (ftp://ftp.sccwrp.org/pub/download/PDFs/bight98cewkpln.pdf)

 City of San Diego. (1999). San Diego Regional Monitoring Report for 1994 - 1997. City of San Diego Ocean
Monitoring Program, Metropolitan Wastewater Department, Environmental Monitoring and Technical
Services Division, San Diego, CA.

City of San Diego. (2000a). International Wastewater Treatment Plant Final Baseline Ocean Monitoring Report
for the South Bay Ocean Outfall (1995-1998). City of San Diego Ocean Monitoring Program,
Metropolitan Wastewater Department, Environmental Monitoring and Technical Services Division, San
Diego, CA.

City of San Diego. (2000b). Annual Receiving Waters Monitoring Report for the South Bay Ocean Outfall (1999).
City of San Diego Ocean Monitoring Program, Metropolitan Wastewater Department, Environmental
Monitoring and Technical Services Division, San Diego, CA.

City of San Diego. (2001). Annual Receiving Waters Monitoring Report for the South Bay Ocean Outfall (2000).
City of San Diego Ocean Monitoring Program, Metropolitan Wastewater Department, Environmental
Monitoring and Technical Services Division, San Diego, CA.

City of San Diego. (2002). 2001 Quality Assurance Manual. City of San Diego Ocean Monitoring Program,
Metropolitan Wastewater Department, Environmental Monitoring and Technical Services Division. San
Diego, CA.

SCBPP (Southern California Bight Pilot Project). (1994). Workplan for the Southern California Bight Pilot Project.
Southern California Coastal Water Research Project, Westminster, CA.





37

Folk, R. L. (1968). Petrology of Sedimentary Rocks. Austin, Texas: Hemphill, 182 pp.
http://www.lib.utexas.edu/geo/FolkReady/TitlePage.html

Gray, J. S. (1981). The Ecology of Marine Sediments: An Introduction to the Structure and Function of Benthic
Communities. Cambridge University Press, Cambridge, England, 185 pp.

Schiff, K. C., and R. W. Gossett. (1998). Southern California Bight 1994 Pilot Project: Volume III. Sediment
Chemistry. Southern California Coastal Water Research Project. Westminister, California.

Snelgrove, P. V. R., and C. A. Butman. (1994). Animal-sediment relationships revisited: cause versus effect.
Oceanogr. Mar. Biol. Ann. Rev., 32: 111-177

USEPA (1987). Quality Assurance and Quality Control for 301(h) Monitoring Programs:     Guidance on Field and
Laboratory Methods. EPA Document 430/9-86-004. Office of Marine and Estuary Protection. 267 p.



38



39

Chapter 4

Benthic Infauna

INTRODUCTION

The City of San Diego was contracted by the International Boundary and Water Commission (IBWC) to monitor
benthic infaunal communities at fixed locations surrounding the South Bay Ocean Outfall (SBOO). This contractual
agreement also included monitoring at a random array of stations ranging from the border between the United States
and Mexico to northern San Diego County (see Appendix E).

Assessment of changes in benthic community structure is a major component of many marine monitoring programs,
based largely on the premise that such changes may be correlated with the alteration of environmental conditions
(Pearson and Rosenberg 1978). The data from such programs are used to document both existing conditions and
changes in these conditions over time. However, in order to determine whether changes are related to
anthropogenic or natural events, it is necessary to have documentation of background or reference conditions for
an area. Such information is available for the SBOO discharge area (City of San Diego 2000a) and the San Diego
region in general (e.g., City of San Diego 1999).

This chapter presents analyses and interpretations of the macrofaunal data collected at fixed stations surrounding
the SBOO during January and July 2001. Included are descriptions and comparisons of soft-bottom infaunal
assemblages in the area, and analysis of benthic community structure.

MATERIALS & METHODS

Collection and Processing of Samples

Benthic infauna samples were collected during January and July 2001 at 27 stations surrounding the SBOO pipe
(Figure 4.1). These stations range in depth from 59 to 197 ft (19-60 m) and approximate four depth contours. Stations
listed from north to south along each contour include: (1) 60-ft contour, stations I-34, I-35, I-31, I-23, I-18, I-10,
I-4; (2) 90-ft contour, stations I-33, I-30, I-27, I-22, I-14, I-15, I-16, I-12, I-9, I-6, I-3; (3) 120-ft contour, stations
I-29, I-21, I-13, I-8, I-2; and (4) 180-ft contour, stations I-28, I-20, I-7, I-1.

Samples for benthic community analysis were collected from two replicate 0.1 m2 van Veen grabs per station during
each survey. The criteria established by the United States Environmental Protection Agency (USEPA) to ensure
consistency of grab samples were followed with regard to sample disturbance and depth of penetration (USEPA
1987). All samples were sieved aboard ship through a 1.0 mm mesh screen. Organisms retained on the screen were
relaxed for 30 minutes in a magnesium sulfate solution and then fixed in buffered formalin (see City of San Diego
2002). After a minimum of 72 hours, each sample was rinsed with fresh water and transferred to 70% ethanol.
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All organisms were sorted from the debris into major taxonomic groups by a subcontractor (MEC Analytical
Systems, Inc., Carlsbad, California). Biomass was measured as the wet weight in grams per sample for each of
the following taxonomic categories: Polychaeta (Annelida), Crustacea (Arthropoda), Mollusca, Ophiuroidea
(Echinodermata), non-ophiuroid Echinodermata, and all other phyla combined (e.g., Chordata, Cnidaria, Nemertea,
Platyhelminthes, Phoronida, Sipuncula). Values for ophiuroids and all other echinoderms were later combined to
give a total echinoderm biomass. After biomassing, all animals were identified to species or the lowest taxon possible
and enumerated by City of San Diego marine biologists.

Data Analyses

The following community structure parameters were calculated for each station: (1) species richness (number of
species per grab); (2) total number of species per station (i.e., cumulative of two replicate samples); (3) abundance
(number of individuals per grab); (4) biomass (grams per grab, wet weight); (5) Shannon diversity index (H’ per
grab); (6) Pielou’s evenness index (J’ per grab); (7) Swartz dominance (minimum number of species accounting
for 75% of the total abundance in each grab); (8) Infaunal Trophic Index (ITI per grab) (see Word 1980).

Ordination (principal coordinates) and classification (hierarchical agglomerative clustering) analyses were
performed to examine spatio-temporal patterns in the overall similarity of benthic assemblages in the region. These
analyses were performed using Ecological Analysis Package (EAP) software (see Smith 1982, Smith et al. 1988).
The macrofaunal abundance data were square-root transformed and standardized by the species mean values
greater than zero. Prior to analysis the data set was reduced by excluding any species represented by less than 20
individuals over all samples. The effect of such reductions on the outcome of subsequent analyses is negligible (see
Smith et al. 1988).

RESULTS & DISCUSSION

Community Parameters
Number of Species
Species richness varied on both spatial and temporal scales in the SBOO region, with no apparent influence by
proximity to the outfall. A total of 692 benthic infaunal taxa was identified in 2001, though only a fraction of these
occurred in any single sample. The average number of taxa per 0.1 m2 grab ranged from 33 at station I-3 to 124
at station I-28 (Table 4.1). This spatial pattern was consistent with previous surveys (see City of San Diego 2001).
The wide variation in species richness can probably be attributed to different habitat types. Higher values, for
example, are common at stations such as I-28, I-29 and I-9 where the sediments are characterized by relatively
greater percentages of silt and clay (see Chapter 3). In addition, species richness varies seasonally in the region,
with there typically being higher numbers of species in July than in January (see Figure 4.2A). This seasonal pattern
was pronounced in 2001, with average species richness increasing about 32% between the January and July
surveys.
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Table 4.1
Benthic infaunal community parameters at SBOO stations sampled in 2001. Data are expressed as annual means
for: (1) species richness, no. species/0.1 m2 (SR); (2) total no. species per site (Tot spp); (3) abundance/0.1 m2 (Abun);
(4) biomass, g/0.1 m2; (5) diversity (H’); (6) evenness (J’); (7) Swartz dominance, no. species comprising 75% of a
community by abundance (Dom); (8) infaunal trophic index (ITI).  Minimum (Min) and Maximum (Max) values are for
individual grabs (two each for January and July surveys) except for total no. of species, which is cumulative per survey.

 SR Tot spp Abun  Biomass  H’  J’  Dom  ITI

60 ft stations
I-34 47 76 181 6.7 3.1 0.8 16 70
I-35 74 104 240 6.3 3.9 0.9 31 76
I-31 48 70 109 2.2 3.5 0.9 23 79
I-23 57 87 141 3.9 3.6 0.9 25 84
I-18 45 69 94 2.7 3.4 0.9 22 82
I-10 51 78 124 3.9 3.5 0.9 21 84
I-4 36 57 99 1.6 3.1 0.9 14 73

90 ft stations
I-33 83 119 214 3.1 4.0 0.9 36 81
I-30 73 107 195 1.9 4.0 0.9 33 84
I-27 63 96 160 4.4 3.8 0.9 27 82
I-22 62 92 153 1.5 3.7 0.9 26 83
I-14 58 86 156 2.9 3.7 0.9 24 80
I-15 56 92 188 5.5 3.4 0.9 20 77
I-16 55 90 182 4.0 3.4 0.9 19 79
I-12 43 71 114 1.8 3.2 0.9 17 77
I-9 87 125 251 3.1 4.0 0.9 34 84
I-6 50 78 140 7.3 3.3 0.9 19 68
I-3 33 52 117 6.2 2.8 0.8 12 80

120 ft stations
I-29 95 139 264 4.6 4.1 0.9 39 85
I-21 48 72 177 3.9 3.2 0.8 17 85
I-13 55 90 156 4.1 3.5 0.9 23 86
I-8 41 60 112 4.0 3.1 0.8 16 77
I-2 42 60 154 2.5 3.0 0.8 13 75

180 ft stations
I-28 124 176 374 5.4 4.3 0.9 49 86
I-20 50 76 181 2.7 3.3 0.8 16 87
I-7 55 80 191 6.9 3.2 0.8 17 95
I-1 59 88 151 4.0 3.4 0.9 23 84

All stations
Mean 59 88 171 4.0 3.5 0.9 23 81
Min 19 41 47 0.3 2.3 0.7 6 55
Max 149 191 479 19.3 4.5 0.9 57 95
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Polychaete worms comprised the greatest proportion of species, accounting for around 31 to 53% of the taxa at
various sites during 2001. Crustaceans and pycnogonids comprised 17 to 31% of the species, molluscs from 8 to
25%, echinoderms from 2 to 12%, and all other taxa combined about 6 to 17%. These percentages are generally
similar to those observed during previous years, including prior to discharge (e.g., see City of San Diego 2000a,
2001).

Infaunal Abundance
Infaunal abundance during 2001 ranged from a mean of 94 to 374 animals per grab (Table 4.1). The greatest number
of animals occurred at stations I-28, I-29, I-9 and I-35, which were the only sites that averaged 240 or more
individuals per sample. Stations I-18, I-4 and I-31, along the 60-ft depth contour, had the lowest abundance values.
No clear spatial patterns were evident with respect to the outfall. There was a considerable difference  in abundance
values between the January and July surveys. For example, average abundance was over 40% lower in January
2001 than in July of both 2000 and 2001 (see Figure 4.2B). This reflects a seasonal pattern similar to that described
for species richness. Overall, abundance values were well within the range of historical variation.

Similar to past years, polychaetes were the most abundant animals in the region, accounting for 25 to 67% of the
different assemblages during 2001. Crustaceans (and pycnogonids) averaged 10 to 41% of the animals at a station,
molluscs from 6 to 24%, echinoderms from 1 to 15%, and all remaining taxa about 4 to 16% combined.

Biomass
Total infaunal biomass averaged from 1.5 to 7.3 g per 0.1 m2 (Table 4.1). The highest biomass values in any one
sample can often be attributed to the collection of a small number of large organisms such as sand dollars, sea stars,
crabs and clams. For example, a single specimen of the bivalve mollusc Simomactra planulata accounted for 65%
of the total annual biomass at station I-34. The biomass of this individual was greater than the composite weight
of all other organisms collected at I-34 during 2001, and accounted for the highest biomass for any individual grab
(19.3 g, Table 4.1). Overall, the biomass at SBOO stations in 2001 was well within the range of historical values
(Figure 4.2C). Lower biomass in the January survey corresponded to similar changes in species richness and
abundance. Long-term seasonal patterns, however, are less clear and likely confounded by the occasional presence
of megabenthic invertebrates.

None of the major taxa consistently dominated in terms of biomass. Polychaetes accounted for 7 to 63% of the
biomass at a station, crustaceans 1 to 36%, molluscs 2 to 77%, echinoderms >1 to 90%, and all other taxa combined
>1 to 20%. Echinoderms were typically the dominant component at sites where biomass exceeded 5 g per 0.1 m2

(e.g., stations I-3, I-6, I-7, I-15). The main exceptions to this pattern occurred at a few stations where the biomass
was dominated by either polychaetes (I-28, I-35) or molluscs (I-34).

Species Diversity and Dominance
Species diversity (H’) varied little during 2001 and was generally similar to background conditions (Figure 4.2D),
although it did differ between stations (Table 4.1). Overall values averaged from 2.8 to 4.3. Similar to previous years,
diversity was highest (> 4.0) at stations I-28 and I-29 and lowest (2.8) at station I-3.
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Figure 4.2
Summary of benthic community structure parameters surrounding the South Bay Ocean Outfall (1995 – 2001):
(A) species richness = number of species; (B) abundance = number of animals; (C) biomass = grams, wet weight;
(D) diversity = Shannon diversity index (H'); (E) dominance = Swartz dominance index; (F) ITI = infaunal trophic index.
Data are expressed as means per 0.1m2 grab pooled over all stations for each survey (n = 54). Error bars represent
95% confidence limits.
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Species dominance was measured as the minimum number of species comprising 75% of a community by abundance
(see Swartz 1978). Dominance discussed herein is therefore inversely proportional to numerical dominance, such that
low values indicate communities dominated by few species. Although most of the SBOO assemblages were
characterized by a fairly even distribution of species (i.e., mean J’ = 0.8-0.9), dominance values varied widely,
averaging from 12 to 49 species per station during the year (Table 4.1 ). Dominance was 25% higher (lower numerical
dominance) in the July survey than in January (Figure 4.2E), consistent with the pattern of seasonal variation noted
earlier. No clear patterns relative to the outfall were evident in terms of diversity, evenness, or dominance.

Infaunal Trophic Index (ITI)
ITI values averaged from 68 to 95 at the various sites in 2001 (Table 4.1). There were no patterns with respect
to the outfall, and all values at sites near the discharge were characteristic of undisturbed sediments (i.e., ITI > 60,
Word 1980). Although ITI values averaged over all sites have changed little since monitoring began (see Figure
4.2F), the index has been more variable at the individual stations. For example, three individual grabs at stations
I-34, I-4 and I-6 had values in the range of 55 - 60. These values may be indicative of “changed”communities (i.e.,
ITI between 30 and 60, Bascom et al. 1979), potentially influenced by the proximity of these sites to San Diego Bay
(station I-34) or the Canyon San Antonio de los Buenos Creek outlet in Mexico (stations I-4 and I-6).

Dominant Macrofauna

Most assemblages in the SBOO region were dominated by polychaete worms. For example, of the 10 most
abundant and the 10 most widely occurring taxa, nine were  polychaetes (Table 4.2). The remaining dominant
species included four crustaceans and two molluscs. Of the 692 taxa identified during 2001, about 19% represented
rare or unidentifiable taxa that were recorded only once.

The spionid polychaete Spiophanes bombyx was the most abundant and the most ubiquitous species, averaging
about 10 worms per grab and occurring in 98% of the samples. Only six other species were present in at least 70%
of the samples. Five of these were also polychaetes, including an orbiniid, Scoloplos armiger (likely a species
complex), a sigalionid (Sigalion spinosus), an onuphid (Onuphis sp SD1), and two maldanids (Euclymeninae sp
A and unidentified Maldanidae). The other widely distributed species was a bivalve mollusc (Tellina modesta).
A few additional species occurred in relatively high densities (i.e., ~ 10-14 animals per occurrence), but at more
restricted localities (i.e., 11-20% of the samples). These included the polychaetes Jasmineira sp B and Chloeia
pinnata, and the gammarid amphipod Eohaustorius barnardi.

Pattern Analysis

Ordination and classification analyses discriminated between six habitat-related benthic assemblages at the SBOO
stations during 2001 (see Figures 4.3 and 4.4). The dominant species comprising each group are listed in Table 4.3.
Depth and sediment grain size (i.e., fine vs. coarse sediments) appeared to be the major factors affecting the
distribution of these assemblages.
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Species Higher taxa MS MO PO

Top 10 Species  Overall
1. Spiophanes bombyx Polychaeta: Spionidae 10.3 10.5 98%
2. Monticellina siblina Polychaeta: Cirratulidae 4.3 6.9 63%
3. Tellina modesta Mollusca: Bivalvia 4.0 5.7 70%
4. Eulcymeninae sp A Polychaeta: Maldanidae 3.3 4.6 72%
5. Maldanidae  † Polychaeta: Maldanidae 2.9 3.9 76%
6. Jasmineira sp B Polychaeta: Sabellidae 2.9 14.4 20%
7. Rhepoxynius menziesi Crustacea: Phoxocephalidae 2.6 4.5 59%
8. Ampelisca cristata microdentata Crustacea: Ampeliscidae 2.5 7.4 33%
9. Spiophanes duplex Polychaeta: Spionidae 2.3 3.6 65%
10. Caecum crebricinctum Mollusca: Gastropoda 2.3 6.5 35%

Top 10 Species per Occurrence
1. Jasmineira sp B Polychaeta: Sabellidae 2.9 14.4 20%
2. Chloeia pinnata Polychaeta: Amphinomidae 1.3 11.3 11%
3. Spiophanes bombyx Polychaeta: Spionidae 10.3 10.5 98%
4. Eohaustorius barnardi Crustacea: Haustoriidae 1.1 10.2 11%
5. Nephasoma diaphanes Sipuncula: Golfingiidae 0.5 9.3   6%
6. Polycirrus sp SD 1 Polychaeta: Terebellidae 0.2 8.0   2%
7. Ampelisca cristata microdentata Crustacea: Ampeliscidae 2.5 7.4 33%
8. Petaloclymene pacifica Polychaeta: Maldanidae 1.0 6.9 15%
9. Monticellina siblina Polychaeta: Cirratulidae 4.3 6.9 63%
10. Euchone arenae Polychaeta: Sabellidae 1.8 6.8 26%

Top 10 Widespread Species
1. Spiophanes bombyx Polychaeta: Spionidae 10.3 10.5 98%
2. Scoloplos armiger (=spp complex) Polychaeta: Orbiniidae 1.5 1.9 78%
3. Maldanidae  † Polychaeta: Maldanidae 2.9 3.9 76%
4. Sigalion spinosus Polychaeta: Sigalionidae 1.9 2.6 76%
5. Eulcymeninae sp A Polychaeta: Maldanidae 3.3 4.6 72%
6. Onuphis sp SD 1 Polychaeta: Onuphidae 1.7 2.4 72%
7. Tellina modesta Mollusca: Bivalvia 4.0 5.7 70%
8. Euphilomedes carcharodonta Crustacea: Ostracoda 2.2 3.2 69%
9. Hemilamprops californicus Crustacea: Cumacea 1.4 2.1 67%
10. Spiophanes duplex Polychaeta: Spionidae 2.3 3.6 65%

† =  unidentified juveniles and/or damaged specimens

Table 4.2
Dominant macroinvertebrates at the SBOO benthic stations sampled during 2001. Included are the 10 most abundant
species overall and per occurrence, and the 10 most widely distributed species. Abundance values are summarized
over all stations and are expressed as means per 0.1 m2 over all samples (MS) and per occurrence (MO);
PO = percent occurrence.



Station Rep Common Name Tissue Parameter Value Units MDL
SD18 3 Hornyhead turbot Liver Cadmium 6.59 mg/kg 0.34
SD18 3 Hornyhead turbot Liver Copper 12.3 mg/kg 0.76
SD18 3 Hornyhead turbot Liver Hexachlorobenzene 0.35 ug/kg 13.3
SD18 3 Hornyhead turbot Liver Iron 86.5 mg/kg 1.3
SD18 3 Hornyhead turbot Liver Lipids 3.96 wt%                
SD18 3 Hornyhead turbot Liver Manganese 1.32 mg/kg 0.23
SD18 3 Hornyhead turbot Liver Mercury 0.0935 mg/kg 0.012
SD18 3 Hornyhead turbot Liver p,p-DDD 3.55 ug/kg                
SD18 3 Hornyhead turbot Liver p,p-DDE 195 ug/kg 13.3
SD18 3 Hornyhead turbot Liver p,p-DDT 1.5 E ug/kg                
SD18 3 Hornyhead turbot Liver PCB 101 3.6 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 105 1.4 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 110 1.35 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 118 6.15 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 119 1.3 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 128 0.95 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 138 9.9 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 149 2.15 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 151 0.9 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 153/168 18 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 156 1.55 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 157 1.4 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 158 1.2 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 170 5.85 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 177 1.25 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 180 11 E ug/kg                
SD18 3 Hornyhead turbot Liver PCB 183 3.5 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 187 8.45 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 194 4.55 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 206 5.9 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 28 1.5 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 37 1.45 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 66 1.85 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 70 1.2 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 74 1.95 ug/kg                
SD18 3 Hornyhead turbot Liver PCB 87 1 ug/kg 13.3
SD18 3 Hornyhead turbot Liver PCB 99 4.6 ug/kg                
SD18 3 Hornyhead turbot Liver Selenium 0.78 mg/kg 0.13
SD18 3 Hornyhead turbot Liver Total Solids 23.2 wt% 0.4
SD18 3 Hornyhead turbot Liver Zinc 40.5 mg/kg 0.58
SD19 1 Hornyhead turbot Liver Aluminum 8.7 mg/kg 2.6
SD19 1 Hornyhead turbot Liver Cadmium 8.1 mg/kg 0.34
SD19 1 Hornyhead turbot Liver Copper 20.4 mg/kg 0.76
SD19 1 Hornyhead turbot Liver Iron 50.3 mg/kg 1.3
SD19 1 Hornyhead turbot Liver Lipids 2.78 wt%                
SD19 1 Hornyhead turbot Liver Manganese 2.6 mg/kg 0.23
SD19 1 Hornyhead turbot Liver Mercury 0.105 mg/kg 0.012
SD19 1 Hornyhead turbot Liver p,p-DDE 59 ug/kg 13.3
SD19 1 Hornyhead turbot Liver PCB 101 1.6 E ug/kg                
SD19 1 Hornyhead turbot Liver PCB 118 2.6 E ug/kg                
SD19 1 Hornyhead turbot Liver PCB 138 3.2 E ug/kg                



Station Rep Common Name Tissue Parameter Value Units MDL
SD19 1 Hornyhead turbot Liver PCB 153/168 6.2 E ug/kg                
SD19 1 Hornyhead turbot Liver PCB 180 3.4 E ug/kg                
SD19 1 Hornyhead turbot Liver PCB 183 0.9 E ug/kg                
SD19 1 Hornyhead turbot Liver PCB 187 3.6 E ug/kg                
SD19 1 Hornyhead turbot Liver PCB 194 1 E ug/kg                
SD19 1 Hornyhead turbot Liver PCB 206 4.1 E ug/kg                
SD19 1 Hornyhead turbot Liver Selenium 0.4 mg/kg 0.13
SD19 1 Hornyhead turbot Liver Total Solids 21.7 wt% 0.4
SD19 1 Hornyhead turbot Liver Zinc 34.8 mg/kg 0.58
SD19 2 Longfin sanddab Liver Aluminum 37.6 mg/kg 2.6
SD19 2 Longfin sanddab Liver Cadmium 2.75 mg/kg 0.34
SD19 2 Longfin sanddab Liver Copper 18 mg/kg 0.76
SD19 2 Longfin sanddab Liver Hexachlorobenzene 1.5 E ug/kg                
SD19 2 Longfin sanddab Liver Iron 143 mg/kg 1.3
SD19 2 Longfin sanddab Liver Lipids 12 wt%                
SD19 2 Longfin sanddab Liver Manganese 2.79 mg/kg 0.23
SD19 2 Longfin sanddab Liver Mercury 0.113 mg/kg 0.012
SD19 2 Longfin sanddab Liver o,p-DDE 7 E ug/kg                
SD19 2 Longfin sanddab Liver p,p-DDD 5.4 E ug/kg                
SD19 2 Longfin sanddab Liver p,p-DDE 490 ug/kg 13.3
SD19 2 Longfin sanddab Liver p,p-DDT 6.1 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 101 6.2 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 105 8.8 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 110 5.9 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 118 32 ug/kg 13.3
SD19 2 Longfin sanddab Liver PCB 128 6.9 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 138 67 ug/kg 13.3
SD19 2 Longfin sanddab Liver PCB 149 6.1 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 151 6.2 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 153/168 92 ug/kg 13.3
SD19 2 Longfin sanddab Liver PCB 156 5.7 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 158 4.2 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 167 3.2 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 170 19 ug/kg 13.3
SD19 2 Longfin sanddab Liver PCB 177 5.7 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 180 43 ug/kg 13.3
SD19 2 Longfin sanddab Liver PCB 183 13 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 187 45 ug/kg 13.3
SD19 2 Longfin sanddab Liver PCB 194 19 ug/kg 13.3
SD19 2 Longfin sanddab Liver PCB 201 11 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 206 12 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 28 0.9 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 66 2.8 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 74 2.7 E ug/kg                
SD19 2 Longfin sanddab Liver PCB 99 17 ug/kg 13.3
SD19 2 Longfin sanddab Liver Selenium 0.97 mg/kg 0.13
SD19 2 Longfin sanddab Liver Total Solids 32.9 wt% 0.4
SD19 2 Longfin sanddab Liver Zinc 28.9 mg/kg 0.58
SD19 3 Hornyhead turbot Liver Aluminum 16.8 mg/kg 2.6
SD19 3 Hornyhead turbot Liver Cadmium 7.56 mg/kg 0.34
SD19 3 Hornyhead turbot Liver Copper 10.8 mg/kg 0.76



Station Rep Common Name Tissue Parameter Value Units MDL
SD19 3 Hornyhead turbot Liver Iron 136 mg/kg 1.3
SD19 3 Hornyhead turbot Liver Lipids 3.32 wt%                
SD19 3 Hornyhead turbot Liver Manganese 1.18 mg/kg 0.23
SD19 3 Hornyhead turbot Liver Mercury 0.135 mg/kg 0.012
SD19 3 Hornyhead turbot Liver o,p-DDE 39 ug/kg 13.3
SD19 3 Hornyhead turbot Liver p,p-DDD 12 E ug/kg                
SD19 3 Hornyhead turbot Liver p,p-DDE 540 ug/kg 13.3
SD19 3 Hornyhead turbot Liver p,p-DDT 1.9 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 101 7.2 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 105 2.2 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 110 1.5 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 118 11 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 138 13 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 149 5.9 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 151 1.6 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 153/168 24 ug/kg 13.3
SD19 3 Hornyhead turbot Liver PCB 158 1 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 180 6.3 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 183 1.7 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 187 8.2 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 194 2.6 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 206 5 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 66 3.2 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 70 1.5 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 74 2.5 E ug/kg                
SD19 3 Hornyhead turbot Liver PCB 99 7.8 E ug/kg                
SD19 3 Hornyhead turbot Liver Selenium 0.68 mg/kg 0.13
SD19 3 Hornyhead turbot Liver Total Solids 20.9 wt% 0.4
SD19 3 Hornyhead turbot Liver Zinc 46.5 mg/kg 0.58
SD20 1 Longfin sanddab Liver Alpha (cis) Chlordane 5 E ug/kg                
SD20 1 Longfin sanddab Liver Aluminum 16.6 mg/kg 2.6
SD20 1 Longfin sanddab Liver Arsenic 10.5 mg/kg 1.4
SD20 1 Longfin sanddab Liver Cadmium 2.72 mg/kg 0.34
SD20 1 Longfin sanddab Liver Copper 11.9 mg/kg 0.76
SD20 1 Longfin sanddab Liver Hexachlorobenzene 11 E ug/kg                
SD20 1 Longfin sanddab Liver Iron 138 mg/kg 1.3
SD20 1 Longfin sanddab Liver Lipids 10.9 wt%                
SD20 1 Longfin sanddab Liver Manganese 1.52 mg/kg 0.23
SD20 1 Longfin sanddab Liver o,p-DDE 9.3 E ug/kg                
SD20 1 Longfin sanddab Liver o,p-DDT 1.4 E ug/kg                
SD20 1 Longfin sanddab Liver p,p-DDD 9.1 E ug/kg                
SD20 1 Longfin sanddab Liver p,p-DDE 960 ug/kg 13.3
SD20 1 Longfin sanddab Liver p,p-DDT 9.9 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 101 8 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 105 3.1 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 118 29 ug/kg 13.3
SD20 1 Longfin sanddab Liver PCB 128 6.8 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 138 64 ug/kg 13.3
SD20 1 Longfin sanddab Liver PCB 149 6.3 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 151 6.4 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 153/168 92 ug/kg 13.3



Station Rep Common Name Tissue Parameter Value Units MDL
SD20 1 Longfin sanddab Liver PCB 156 4.9 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 158 3.8 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 167 2.8 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 170 17 ug/kg 13.3
SD20 1 Longfin sanddab Liver PCB 177 5.6 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 180 40 ug/kg 13.3
SD20 1 Longfin sanddab Liver PCB 183 13 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 187 40 ug/kg 13.3
SD20 1 Longfin sanddab Liver PCB 194 15 ug/kg 13.3
SD20 1 Longfin sanddab Liver PCB 201 8.9 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 206 7 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 28 1 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 49 1.3 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 66 2.8 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 70 1.4 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 74 2.2 E ug/kg                
SD20 1 Longfin sanddab Liver PCB 99 16 ug/kg 13.3
SD20 1 Longfin sanddab Liver Selenium 1.12 mg/kg 0.17
SD20 1 Longfin sanddab Liver Total Solids 34.2 wt% 0.4
SD20 1 Longfin sanddab Liver Trans Nonachlor 6.1 E ug/kg                
SD20 1 Longfin sanddab Liver Zinc 25.2 mg/kg 0.58
SD20 2 Longfin sanddab Liver Aluminum 22.3 mg/kg 2.6
SD20 2 Longfin sanddab Liver Arsenic 2.8 mg/kg 1.4
SD20 2 Longfin sanddab Liver Cadmium 2.13 mg/kg 0.34
SD20 2 Longfin sanddab Liver Copper 16.4 mg/kg 0.76
SD20 2 Longfin sanddab Liver Hexachlorobenzene 1.8 E ug/kg                
SD20 2 Longfin sanddab Liver Iron 107 mg/kg 1.3
SD20 2 Longfin sanddab Liver Lipids 6.78 wt%                
SD20 2 Longfin sanddab Liver Manganese 1.43 mg/kg 0.23
SD20 2 Longfin sanddab Liver o,p-DDE 4.9 E ug/kg                
SD20 2 Longfin sanddab Liver p,p-DDD 3.3 E ug/kg                
SD20 2 Longfin sanddab Liver p,p-DDE 470 ug/kg 13.3
SD20 2 Longfin sanddab Liver p,p-DDT 6.2 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 101 5.1 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 105 5.1 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 118 19 ug/kg 13.3
SD20 2 Longfin sanddab Liver PCB 128 4.7 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 138 39 ug/kg 13.3
SD20 2 Longfin sanddab Liver PCB 149 4.8 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 151 5.4 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 153/168 64 ug/kg 13.3
SD20 2 Longfin sanddab Liver PCB 156 3.3 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 158 2.8 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 167 2.2 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 170 12 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 177 4.1 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 180 27 ug/kg 13.3
SD20 2 Longfin sanddab Liver PCB 183 8.4 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 187 26 ug/kg 13.3
SD20 2 Longfin sanddab Liver PCB 194 8.7 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 201 6.9 E ug/kg                



Station Rep Common Name Tissue Parameter Value Units MDL
SD20 2 Longfin sanddab Liver PCB 206 6.1 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 66 1.8 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 74 1.7 E ug/kg                
SD20 2 Longfin sanddab Liver PCB 99 10 E ug/kg                
SD20 2 Longfin sanddab Liver Selenium 1.07 mg/kg 0.13
SD20 2 Longfin sanddab Liver Total Solids 34.9 wt% 0.4
SD20 2 Longfin sanddab Liver Zinc 25.3 mg/kg 0.58
SD20 3 Ca. scorpionfish Liver Alpha (cis) Chlordane 6.85 ug/kg                
SD20 3 Ca. scorpionfish Liver Aluminum 12.5 mg/kg 2.6
SD20 3 Ca. scorpionfish Liver Cadmium 1.42 mg/kg 0.34
SD20 3 Ca. scorpionfish Liver Copper 35.7 mg/kg 0.76
SD20 3 Ca. scorpionfish Liver Hexachlorobenzene 2.2 ug/kg                
SD20 3 Ca. scorpionfish Liver Iron 260 mg/kg 1.3
SD20 3 Ca. scorpionfish Liver Lipids 20.8 wt%                
SD20 3 Ca. scorpionfish Liver Manganese 0.5 mg/kg 0.23
SD20 3 Ca. scorpionfish Liver o,p-DDE 6.7 ug/kg                
SD20 3 Ca. scorpionfish Liver p,p-DDD 12 ug/kg                
SD20 3 Ca. scorpionfish Liver p,p-DDE 825 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver p,p-DDT 3.25 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 101 19 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 105 9.15 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 110 11.5 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 118 41.5 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 123 3.95 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 128 5.35 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 138 63.5 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 149 11 E ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 151 7.95 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 153/168 98 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 156 7.15 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 158 5.15 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 170 17.5 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 177 6.8 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 180 41 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 183 14 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 187 45.5 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 194 11.5 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 206 6.8 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 28 0.5 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 44 0.7 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 52 2.2 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver PCB 66 5.85 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 70 2.35 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 74 3.35 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 87 3.1 ug/kg                
SD20 3 Ca. scorpionfish Liver PCB 99 19.5 ug/kg 13.3
SD20 3 Ca. scorpionfish Liver Selenium 0.98 mg/kg 0.18
SD20 3 Ca. scorpionfish Liver Total Solids 32.8 wt% 0.4
SD20 3 Ca. scorpionfish Liver Trans Nonachlor 13.5 ug/kg                
SD20 3 Ca. scorpionfish Liver Zinc 129 mg/kg 0.58
SD21 1 Ca. scorpionfish Liver Aluminum 24.8 mg/kg 2.6



Station Rep Common Name Tissue Parameter Value Units MDL
SD21 1 Ca. scorpionfish Liver Cadmium 4.1 mg/kg 0.34
SD21 1 Ca. scorpionfish Liver Copper 54.1 mg/kg 0.76
SD21 1 Ca. scorpionfish Liver Hexachlorobenzene 1.7 E ug/kg                
SD21 1 Ca. scorpionfish Liver Iron 385 mg/kg 1.3
SD21 1 Ca. scorpionfish Liver Lipids 28 wt%                
SD21 1 Ca. scorpionfish Liver Manganese 0.335 mg/kg 0.23
SD21 1 Ca. scorpionfish Liver Mercury 0.432 mg/kg 0.012
SD21 1 Ca. scorpionfish Liver o,p-DDE 5.3 E ug/kg                
SD21 1 Ca. scorpionfish Liver p,p-DDD 19 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver p,p-DDE 1400 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver p,p-DDT 6.6 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 101 27 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 105 13 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 110 14 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 118 53 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 123 4.6 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 128 9.8 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 138 79 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 149 15 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 151 9.5 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 153/168 114 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 156 7.5 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 158 5.2 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 167 4.2 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 170 19 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 177 9.8 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 180 44 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 183 14 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 187 52 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 194 14 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver PCB 201 12 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 206 8.6 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 28 2 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 49 4.7 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 52 4.7 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 66 8.7 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 70 3.7 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 74 4.5 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 87 4.3 E ug/kg                
SD21 1 Ca. scorpionfish Liver PCB 99 26 ug/kg 13.3
SD21 1 Ca. scorpionfish Liver Selenium 0.78 mg/kg 0.13
SD21 1 Ca. scorpionfish Liver Total Solids 45.2 wt% 0.4
SD21 1 Ca. scorpionfish Liver Trans Nonachlor 14 E ug/kg                
SD21 1 Ca. scorpionfish Liver Zinc 159 mg/kg 0.58
SD21 2 Longfin sanddab Liver Aluminum 7.2 mg/kg 2.6
SD21 2 Longfin sanddab Liver Arsenic 7.7 mg/kg 1.4
SD21 2 Longfin sanddab Liver Cadmium 3.12 mg/kg 0.34
SD21 2 Longfin sanddab Liver Copper 18.8 mg/kg 0.76
SD21 2 Longfin sanddab Liver Hexachlorobenzene 1.9 E ug/kg                
SD21 2 Longfin sanddab Liver Iron 146 mg/kg 1.3
SD21 2 Longfin sanddab Liver Lipids 16.2 wt%                



Station Rep Common Name Tissue Parameter Value Units MDL
SD21 2 Longfin sanddab Liver Manganese 1.74 mg/kg 0.23
SD21 2 Longfin sanddab Liver Mercury 0.0895 mg/kg 0.012
SD21 2 Longfin sanddab Liver o,p-DDE 9.5 E ug/kg                
SD21 2 Longfin sanddab Liver p,p-DDD 11 E ug/kg                
SD21 2 Longfin sanddab Liver p,p-DDE 1100 ug/kg 13.3
SD21 2 Longfin sanddab Liver p,p-DDT 16 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 101 15 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 105 13 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 110 9.5 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 118 58 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 123 4.9 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 128 14 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 138 110 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 149 11 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 151 11 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 153/168 152 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 156 7.9 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 158 6.7 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 167 3.9 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 170 28 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 177 10 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 180 60 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 183 19 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 187 68 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 194 22 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 201 14 ug/kg 13.3
SD21 2 Longfin sanddab Liver PCB 206 12 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 28 1.6 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 66 5.7 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 70 1.1 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 74 4.1 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 87 1.3 E ug/kg                
SD21 2 Longfin sanddab Liver PCB 99 33 ug/kg 13.3
SD21 2 Longfin sanddab Liver Selenium 0.97 mg/kg 0.13
SD21 2 Longfin sanddab Liver Total Solids 33.1 wt% 0.4
SD21 2 Longfin sanddab Liver Trans Nonachlor 9.1 E ug/kg                
SD21 2 Longfin sanddab Liver Zinc 27.4 mg/kg 0.58
SD21 3 Longfin sanddab Liver Aluminum 18.6 mg/kg 2.6
SD21 3 Longfin sanddab Liver Arsenic 4.6 mg/kg 1.4
SD21 3 Longfin sanddab Liver Cadmium 2.85 mg/kg 0.34
SD21 3 Longfin sanddab Liver Copper 14.1 mg/kg 0.76
SD21 3 Longfin sanddab Liver Iron 182 mg/kg 1.3
SD21 3 Longfin sanddab Liver Lipids 8.75 wt%                
SD21 3 Longfin sanddab Liver Manganese 1.9 mg/kg 0.23
SD21 3 Longfin sanddab Liver Mercury 0.0985 mg/kg 0.012
SD21 3 Longfin sanddab Liver o,p-DDE 3 E ug/kg                
SD21 3 Longfin sanddab Liver p,p-DDD 1.8 E ug/kg                
SD21 3 Longfin sanddab Liver p,p-DDE 400 ug/kg 13.3
SD21 3 Longfin sanddab Liver p,p-DDT 4.7 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 101 4.4 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 105 5.5 E ug/kg                



Station Rep Common Name Tissue Parameter Value Units MDL
SD21 3 Longfin sanddab Liver PCB 110 3.2 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 118 29 ug/kg 13.3
SD21 3 Longfin sanddab Liver PCB 123 2.9 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 128 6.3 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 138 57 ug/kg 13.3
SD21 3 Longfin sanddab Liver PCB 149 4 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 151 5.3 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 153/168 88 ug/kg 13.3
SD21 3 Longfin sanddab Liver PCB 156 4.9 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 158 2.9 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 170 15 ug/kg 13.3
SD21 3 Longfin sanddab Liver PCB 177 3.6 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 180 35 ug/kg 13.3
SD21 3 Longfin sanddab Liver PCB 183 12 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 187 38 ug/kg 13.3
SD21 3 Longfin sanddab Liver PCB 194 14 ug/kg 13.3
SD21 3 Longfin sanddab Liver PCB 201 8.6 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 206 8.9 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 66 1.4 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 74 1.4 E ug/kg                
SD21 3 Longfin sanddab Liver PCB 99 14 ug/kg 13.3
SD21 3 Longfin sanddab Liver Selenium 1.65 mg/kg 0.43
SD21 3 Longfin sanddab Liver Total Solids 26.5 wt% 0.4
SD21 3 Longfin sanddab Liver Trans Nonachlor 3.2 E ug/kg                
SD21 3 Longfin sanddab Liver Zinc 28.3 mg/kg 0.58
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Appendix D

Regional Survey off San Diego
(July 2001)

Sediment Quality

INTRODUCTION

The City of San Diego has conducted summer surveys of sediment conditions throughout the San Diego region from
1994 through 2001. These annual surveys are based on an array of stations randomly selected each year by the United
States Environmental Protection Agency (USEPA) using the USEPA probability-based EMAP design. The 1994 and
1998 surveys off San Diego were conducted as part of the Southern California Bight 1994 Pilot Project (SCBPP) and
the 1998 Southern California Bight Monitoring Survey (Bight’98), two large-scale surveys which included other major
southern California dischargers. The same randomized sampling design was used in the surveys limited to the San
Diego region (1995–1997 and 1999–2001).  These surveys were conducted by the City of San Diego as part of
contractual agreements for monitoring in the vicinity of the South Bay Ocean Outfall (see Chapter 1).

This appendix presents summaries and analyses of the sediment particle size and chemistry data collected during
the San Diego regional survey of 2001. Various parameters were measured for the purpose of examining the quality
and characteristics of sediments and to aid in identifying reference areas for the region.

MATERIALS & METHODS

Field Sampling

Sediment samples were collected at a total of 38 stations off the coast of San Diego during July of 2001 (Figure
D.1). All stations were randomly selected using the USEPA probability-based EMAP design (Bight’98 Steering
Committee 1998). Although 40 stations were initially selected, samples could not be collected at two sites due to
the presence of incompatible substrates (e.g., rocky reefs). Stations that were sampled ranged from 44 to 660 ft
(13–201 m) in depth and spanned an area from Solana Beach, California south to the United States and Mexico
border. This area included the section of the mainland shelf from nearshore to shallow slope depths. Benthic
sediment samples were collected 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 handled according to EPA guidelines (USEPA 1987).

Laboratory Analyses

All sediment analyses were performed at the City of San Diego Wastewater Chemistry Laboratory. Particle size
analyses were performed using a Horiba LA-900 laser analyzer, which measures particles ranging in size from 0
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to 10 phi (i.e., sand, silt and clay fractions). Sand was defined as particles ranging in size from 0 to <4 phi; silt as
particles from >4 to <8.0 phi; and clay as particles >8.0 phi. The fraction of coarser sediments (e.g., very coarse
sand, gravel, shell hash) in each sample was determined by measuring the weight of particles retained on a 1.0 mm
mesh sieve (i.e., <0 phi), and expressed as the percent weight of the total sample sieved. This coarse fraction is
represented as “Coarse” in Table D.1.

Data Analyses

A number of particle size parameters were calculated using a normal probability scale (see Folk 1968).  These
include median and mean phi size, sorting coefficient (standard deviation), skewness, kurtosis and percent
sediment type (i.e., coarse particles > 1.0 mm in diameter, sand, silt, clay). Sediment chemical parameters that
were analyzed include  total organic carbon (TOC), total nitrogen, total sulfides, trace metals, chlorinated
pesticides, polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyl compounds (PCBs). Prior
to analysis, the data were generally limited to values above method detection limits (MDLs). Some parameters
were determined to be present in a sample with high confidence (i.e., peaks are confirmed by mass-
spectrometry), but at levels below the MDL. These were included in the data as estimated values. Null values
(i.e, values below the MDL without an estimate) were eliminated from the dataset and are not intended to
represent the absence of a particular parameter.

Data for all of the sites sampled in 2001 were examined in relation to 50% Cumulative Distribution Function (CDF)
levels for trace metals, total nitrogen, total organic carbon and pesticides (i.e., p,p-DDT). The CDFs were
established for the Southern California Bight (SCB) using data from the 1994 SCBPP survey (Schiff and Gossett
1998), and allow for comparison of sediment parameters from the San Diego area to that of the entire SCB.

RESULTS

Particle Size Analysis

The distribution of sediment particles in 2001 was similar to that of the previous region-wide  surveys off San Diego,
with particles generally decreasing in size with depth (see City of San Diego 1998, 2000, 2001). In general, sand content
was high in shallow nearshore areas and then decreased to a mixture of mostly coarse silt and fine sand at the deeper
offshore sites (Table D.1, Figure D.2). For example, the shallow water stations had an average sand content of 80%
with a corresponding mean phi of 2.7, while the deep water stations contained 58% sand with an average mean phi
of 3.8.  Exceptions to this pattern occurred primarily to the south and exemplify the patchy sediments in this area. For
example, coarse sediment sites were found in deeper water along a rocky ridge located southwest of the Point Loma
(e.g., station 2753), at a site located between the LA-4 and LA-5 dredged materials disposal sites (station 2756) and
at a site next to the Point Loma Ocean Outfall (station 2748).  Additionally, several shallow water locations west of
the Tijuana River contained finer material, probably the result of sediment deposition from the Tijuana River and to
a lesser extent from San Diego Bay (stations 2751, 2752, 2758, 2763, 2764). Sites further offshore contained coarse
detrital sediments that included deposits of relict red sands (stations 2755, 2760, 2761, 2766, 2769).
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Table D.1
Summary of particle size parameters at randomly selected regional sediment stations off San Diego during July 2001.
Data presented includes: station; depth (ft); mean phi size (Mean); standard deviation (SD); percent values for coarse
fraction (Coarse); percent sand; percent silt; percent clay. Data for organic indicators include total sulfides (ppm);
total nitrogen (TN) (wt%); and total organic carbon (TOC) (wt%). Also included are method detection limits, area
means and the 50% CDF value for the Southern California Bight where available (see Schiff and Gosset 1998).  Bold
numbers for TN and TOC indicate values that were higher than the 50% CDF.

50% CDF 0.051 0.748
MDL 0.1 0.001 0.009
Shallow depths
2764 44 3.4 0.8 0.0 84.4 14.6 1.0 0.9 0.016 0.111
2752 45 3.8 1.0 0.0 61.5 37.5 1.0 9.7 0.029 0.307
2758 50 3.0 0.8 0.7 92.2 6.6 0.4 0.7 0.014 0.097
2749 54 2.3 0.7 0.7 95.0 3.2 1.0 2.1 0.009 0.066
2732 62 2.7 0.8 0.0 89.9 9.9 0.2 9.8 0.024 0.122
2751 63 3.1 1.1 0.0 83.7 15.2 1.0 3.3 0.022 0.189
2763 72 3.2 0.7 0.0 89.3 9.9 0.7 1.0 0.015 0.138
2730 80 2.9 1.0 0.0 89.1 10.2 0.6 2.7 0.023 0.131
2755 98 0.3 0.7 69.8 30.2 0.0 0.0 1.1 0.036 0.208
    Mean 63 2.7 0.8 7.9 79.5 11.9 0.7 3.5 0.021 0.152

Mid-depths
2768 106 3.5 0.8 0.0 78.5 20.2 1.3 1.3 0.020 0.193
2743 107 2.2 0.9 0.0 96.5 3.5 0.0 2.9 0.030 0.194
2760 132 1.0 0.6 0.0 97.4 2.6 0.0 0.6 0.022 0.219
2738 138 3.8 1.3 0.0 70.2 27.5 2.2 2.5 0.046 0.407
2748 141 0.9 0.7 5.6 94.4 0.0 0.0 0.3 0.021 0.118
2740 144 3.2 1.1 0.0 82.4 16.0 1.5 1.8 0.046 0.375
2766 144 1.7 0.9 0.0 100.0 0.0 0.0 0.2 0.011 0.066
2769 159 0.8 0.8 10.3 89.7 0.0 0.0 0.1 0.009 0.047
2761 179 1.8 0.5 10.5 86.9 2.6 0.0 0.3 0.043 0.446
2745 200 4.3 1.6 0.0 54.5 41.1 4.3 3.5 0.072 0.714
2744 210 4.6 1.7 0.0 48.1 45.4 6.5 2.2 0.070 0.709
2767 237 2.6 1.2 0.0 86.9 11.4 1.7 0.9 0.028 0.319
2739 247 4.1 2.4 3.8 46.3 44.8 5.1 5.6 0.090 0.989
2742 252 4.9 1.6 0.0 35.3 58.8 5.9 2.8 0.085 0.856
2734 257 4.3 1.5 0.0 58.0 38.1 3.9 12.0 0.056 0.512
2746 265 4.6 1.5 0.0 42.4 52.7 5.0 2.2 0.070 0.680
2757 273 4.1 1.8 0.0 61.9 33.0 5.0 2.3 0.042 0.487
2765 292 3.6 0.9 0.0 84.0 13.5 2.5 2.7 0.041 0.460
2736 312 4.5 1.6 0.0 49.9 45.0 5.1 3.4 0.067 0.677
2737 315 4.3 1.9 1.9 51.2 42.3 4.6 2.6 0.063 0.626
2756 318 1.4 1.4 10.7 83.2 5.3 0.7 3.3 0.039 0.499
     Mean 211 3.2 1.3 2.0 71.3 24.0 2.6 2.5 0.046 0.457

Deepwater
2733 383 3.5 2.8 11.3 47.6 35.9 5.2 13.8 0.052 0.480
2750 428 4.2 1.6 0.0 64.5 29.8 5.6 2.4 0.048 0.569
2731 485 4.1 2.5 5.7 49.4 38.8 6.0 3.2 0.062 0.706
2741 500 4.5 1.7 0.0 56.0 38.5 5.5 1.7 0.069 0.706
2753 507 0.7 0.5 7.6 92.4 0.0 0.0 0.8 0.031 0.399
2735 585 4.2 1.5 0.0 67.9 28.1 3.9 12.3 0.072 0.721
2747 585 5.0 1.7 0.0 32.8 60.7 6.5 1.9 0.104 1.140
2762 660 3.9 2.6 5.8 53.7 34.5 5.9 1.1 0.079 0.877
     Mean 517 3.8 1.8 3.8 58.0 33.3 4.8 4.7 0.065 0.700
Area mean 240 3.2 1.3 3.8 70.5 23.1 2.6 3.2 0.044 0.436

Depth Mean % % % % %
Station (ft) Phi SD   Phi Coarse  Sand    Silt   Clay Sulfides TN TOC
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Organic Indicators

In general, elevated concentrations of organic particulate matter are associated with fine-grained sediments, and
this relationship becomes more pronounced with increased depth and distance from shore (Emery 1960, Anderson
et al. 1993). During the 2001 survey, sediment concentrations of total organic carbon and total nitrogen were
generally higher north of Point Loma and increased with depth and decreasing grain size.  With the exception of
station 2762, all levels of total organic carbon and total nitrogen that exceeded the 50% CDF levels for the Southern
California Bight occurred north of Point Loma and primarily at deeper sites consisting of coarse silt (mean phi >4.0)
(Table D.1). While sulfide levels exhibited no strong trend, the three highest concentrations of sulfides also occurred
north of Point Loma in sediments composed largely of fine particles (mean phi 3.5 to 4.3).

Figure D.2
Horizontal contour profile of mean phi size data at randomly selected regional sediment stations off San Diego
(July 2001).
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Trace Metals

Ten of the 17 metals sampled were detected at all or nearly all 38 survey stations (Table D.2).  Concentrations of
trace metals were generally more prevalent north of Point Loma, along gradients of increasing depth and decreasing
particle size. Stations with sediment concentrations of aluminum, copper, iron, mercury, and selenium higher that
exceeded the 50% CDF levels were found at deeper stations with fine sediments (mean phi >3.5). The few
exceptions to this trend (i.e., stations 2753, 2755 and 2756) occurred south of Point Loma.  These trends were most
evident for aluminum and iron, two metals that occur naturally in high concentrations (Anderson et al. 1993). Many
metals also show a strong covariance with iron (Schiff and Gossett 1998), and this pattern was evident for the ten
widely distributed metals (Table D.2).

Finally, three of the 17 metals (i.e., silver, thallium, and tin) went undetected, and four others, though rare, occurred in
concentrations that exceeded the 50% CDF: Antimony (stations 2755 and  2739), beryllium (station 2749), cadmium
(stations 2755 and 2762), and lead (station 2745).

Pesticides, PAHs and PCBs

No PCBs were detected in the 2001 regional survey, while pesticides and PAHs were detected rarely (Table D.3).
The pesticide p,p-DDT was found at station 2757 near the LA-4 dredge materials disposal site in concentrations
that exceeded the 50% CDF of 10,000 ppt for total DDT. PAHs were detected at three stations: one between the
LA-4 and LA-5 disposal sites (station 2756); one east of the LA-4 disposal site (station 2755); a mid-depth station
off La Jolla (station 2737).  Concentrations of the various PAHs were fairly low, below 46 ppt for all but the one
occurrence off La Jolla.  The presence of pesticides and PAHs at stations near the two disposal sites is expected
(see Anderson et al. 1993, City of San Diego 1998, 2000, 2001a); however, the relatively high concentration of
fluoranthene off La Jolla is less easily understood. Previous surveys have not detected elevated PAH compounds
in this area (see City of San Diego 2000, 2001a). The few sites where PAHs and DDT were found had varied
sediment composition suggesting no relationship with sediment grain size.

DISCUSSION & SUMMARY

The distribution of sediment particles off San Diego was similar in 2001 to that of the previous annual surveys of
the region and to the Southern California Bight (SCB) in general, with particle size decreasing with increased depth.
Stations less than 100 ft in depth averaged 80% fine sand and 12% silt, while stations deeper than 350 ft averaged
58% fine sand and over 33% silt.  Exceptions to this pattern occurred primarily south of Point Loma.  These included
sites along a deep rocky ridge located southwest of the Point Loma, sites near the LA-4 and LA-5 dredge disposal
sites, two different areas west of the Tijuana River, and at one site next to the Point Loma Ocean Outfall. Several
organic indicators (e.g., total nitrogen, TOC) and trace metals (e.g., aluminum, iron) were most prevalent north of
the Point Loma and showed increasing concentrations with decreasing particle size, and thus increasing depth. The
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MDL 5 5.00 0.08 0.20 0.5 3 2 3 5.00
50% CDF 9400 0.2 4.8 0.26 0.29 34 12 16800 10.2
Shallow Depths
   2764 44 3.4 5520 nd 2.05 nd nd 6.1 3.5 7440 nd
   2752 45 3.8 9450 nd 2.60 nd nd 9.0 8.9 11900 nd
   2758 50 3.0 3910 nd 1.16 nd nd 5.6 4.0 4040 nd
   2749 54 2.3 2670 nd 1.64 0.48 nd nd 2.9 3690 nd
   2732 62 2.7 4310 nd 1.40 nd nd 8.4 5.3 5230 nd
   2751 63 3.1 8170 nd 3.00 nd nd 8.0 8.9 9280 nd
   2763 72 3.2 4830 nd 1.50 nd nd 6.2 5.7 4720 nd
   2730 80 2.9 5160 nd 1.94 nd nd 9.8 7.8 7170 5.1
   2755 98 0.3 6430 8.00 11.00 nd 1.07 3.2 7.3 20100 6.0
       Mean 63 2.7 5606 8.00 2.92 0.48 1.07 7.0 6.0 8174 5.6
Mid-depths
   2768 106 3.5 9290 nd 1.92 nd nd 8.2 9.7 8820 nd
   2743 107 2.2 3740 nd 2.89 nd nd 10.2 6.4 6470 nd
   2760 132 1.0 5720 nd 2.23 nd nd 7.0 5.0 6840 nd
   2738 138 3.8 6790 nd 2.36 nd nd 12.3 6.4 7930 nd
   2748 141 0.9 1920 nd 2.36 nd nd 6.2 3.7 3630 nd
   2766 144 1.7 1500 nd 3.32 nd nd 5.2 nd 5290 nd
   2740 144 3.2 6250 nd 2.17 nd nd 11.9 9.6 8150 nd
   2769 159 0.8 1230 nd 9.33 nd nd 5.1 5.0 6730 nd
   2761 179 1.8 6360 nd 2.55 nd nd 7.4 9.7 8340 6.7
   2745 200 4.3 10600 nd 4.21 nd nd 19.2 13.9 13700 10.7
   2744 210 4.6 13400 nd 3.43 nd nd 22.0 15.1 15600 10.2
   2767 237 2.6 5160 nd 2.43 nd nd 6.6 5.1 6370 nd
   2739 247 4.1 15700 5.90 5.20 nd nd 26.8 17.9 19900 nd
   2742 252 4.9 16600 nd 5.10 nd nd 25.4 15.0 18100 nd
   2734 257 4.3 8890 nd 2.06 nd nd 10.5 6.2 12900 nd
   2746 265 4.6 15200 nd 4.95 nd nd 21.2 13.1 16400 8.8
   2757 273 4.1 9660 nd 2.78 nd nd 9.1 8.5 11200 nd
   2765 292 3.6 6820 nd 2.68 nd nd 12.9 13.3 8110 nd
   2736 312 4.5 11000 nd 2.40 nd nd 21.3 9.9 13900 5.5
   2737 315 4.3 10700 nd 2.97 nd nd 18.2 8.6 13300 7.5
   2756 318 1.4 10700 nd 2.48 nd nd 9.3 15.5 14300 nd
      Mean 211 3.2 8440 5.90 3.32 nd nd 13.1 9.9 10761 8.23
Deep Water
   2733 383 3.5 9620 nd 2.14 nd nd 18.5 10.4 11500 nd
   2750 428 4.2 10600 nd 2.85 nd nd 19.3 14.6 13100 nd
   2731 485 4.1 10300 nd 3.15 nd nd 18.0 16.2 13500 8.8
   2741 500 4.5 8510 nd 2.63 nd nd 17.5 10.1 11400 9.2
   2753 507 0.7 4820 nd 3.87 nd nd 17.9 7.9 11400 nd
   2735 585 4.2 11200 nd 1.98 nd nd 21.4 13.0 12800 7.3
   2747 585 5.0 13400 nd 2.94 nd nd 24.8 17.3 15500 5.1
   2762 660 3.9 11300 nd 7.47 nd 1.32 26.0 11.3 29000 7.6
     Mean 517 3.8 9969 nd 3.38 nd 1.32 20.4 12.6 14775 7.6
Area Mean 240 3.2 8090 0.37 3.24 0.01 0.06 13.0 9.3 10993 2.6

Table D.2
Summary of metals concentrations (ppm) at randomly selected regional sediment quality stations off San Diego
during 2001. Data for each station include: depth (ft); mean phi size (Mean); aluminum (Al); antimony (Sb); arsenic
(As); beryllium (Be); cadmium (Cd); chromium (Cr); copper (Cu); iron (Fe); lead (Pb); manganese (Mn); mercury (Hg);
nickel (Ni); selenium (Se); silver (Ag); thallium (Tl); tin (Sn); and zinc (Zn). Values below detection limits are designated
by “nd”. Also included are area means, method detection limits (MDL), and the 50% CDF values for the Southern
California Bight (see Schiff and Gosset 1998).  Values that exceed the 50% CDF are indicated in bold type.
Station Depth Mean Al Sb As Be Cd Cr Cu Fe Pb
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Station Depth Mean Mn Hg Ni Se Ag Tl Sn Zn
MDL 0.5 0.03 3.0 0.11 3.0 10 12.0 4.0
50% CDF ** 0.04 ** 0.29 0.17 ** ** 56
Shallow Depths
   2764 44 3.4 61.0 nd nd nd nd nd nd 13.6
   2752 45 3.8 106.0 0.016 5.4 nd nd nd nd 29.1
   2758 50 3.0 43.1 nd nd nd nd nd nd 7.9
   2749 54 2.3 37.5 nd nd 0.12 nd nd nd 7.4
   2732 62 2.7 64.1 nd nd nd nd nd nd 11.9
   2751 63 3.1 90.8 nd 3.7 nd nd nd nd 21.2
   2763 72 3.2 51.3 nd nd nd nd nd nd 9.8
   2730 80 2.9 79.5 nd nd nd nd nd nd 13.1
   2755 98 0.3 96.1 nd 3.7 0.15 nd nd nd 31.2
     Mean 63 2.7 69.9 0.02 4.3 0.14 nd nd nd 16.1
Mid-depths
   2768 106 3.5 84.8 nd nd nd nd nd nd 20.3
   2743 107 2.2 63.4 nd nd nd nd nd nd 13.0
   2760 132 1.0 52.7 nd 3.2 nd nd nd nd 14.1
   2738 138 3.8 91.2 nd nd 0.12 nd nd nd 19.6
   2748 141 0.9 32.8 nd nd nd nd nd nd 7.9
   2766 144 1.7 14.3 nd nd nd nd nd nd 6.0
   2740 144 3.2 82.9 nd 3.6 0.11 nd nd nd 18.9
   2769 159 0.8 19.3 nd nd nd nd nd nd 6.0
   2761 179 1.8 62.4 nd 5.7 0.15 nd nd nd 18.0
   2745 200 4.3 119.0 0.041 9.1 0.21 nd nd nd 34.9
   2744 210 4.6 132.0 0.044 10.5 0.18 nd nd nd 39.5
   2767 237 2.6 45.1 nd nd nd nd nd nd 13.2
   2739 247 4.1 144.0 nd 12.5 0.40 nd nd nd 44.4
   2742 252 4.9 140.0 0.038 12.5 0.34 nd nd nd 41.1
   2734 257 4.3 102.0 nd 7.6 0.14 nd nd nd 26.9
   2746 265 4.6 138.0 0.038 10.0 0.20 nd nd nd 36.0
   2757 273 4.1 87.4 nd 7.2 0.21 nd nd nd 25.3
   2765 292 3.6 61.7 0.040 3.3 0.15 nd nd nd 19.1
   2736 312 4.5 109.0 nd 4.3 0.19 nd nd nd 31.0
   2737 315 4.3 102.0 0.016 5.9 0.20 nd nd nd 27.5
   2756 318 1.4 97.9 nd 7.2 0.19 nd nd nd 30.5
     Mean 211 3.2 84.9 0.04 7.3 0.20 nd nd nd 23.5
Deep Water
   2733 383 3.5 89.0 0.018 4.4 0.29 nd nd nd 31.1
   2750 428 4.2 89.9 0.044 6.0 0.25 nd nd nd 30.7
   2731 485 4.1 112.0 0.018 5.8 0.28 nd nd nd 32.2
   2741 500 4.5 83.0 nd 9.3 0.27 nd nd nd 26.6
   2753 507 0.7 26.6 nd 4.3 0.32 nd nd nd 18.5
   2735 585 4.2 107.0 0.017 6.6 0.24 nd nd nd 31.4
   2747 585 5.0 119.0 nd 14.5 0.48 nd nd nd 39.5
   2762 660 3.9 65.4 nd 12.7 0.59 nd nd nd 38.3
      Mean 517 3.8 86.5 0.024 8.0 0.34 nd nd nd 31.0
Area Mean 240 3.2 81.7 0.009 4.7 0.15 nd nd nd 23.3

Table D.2 Con't
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Table D.3

Pesticides PAHs
Benzo[A] Benzo[E] 3,4-benzo(B)

Station p,p-DDT pyrene pyrene Chrysene Fluoranthene Phenanthrene fluoranthene
MDL 410 18 18 21 46 37 27
50%CDF 10,000
2737 3,640
2755 45.5
2756 37.6 26.8 22.9 43.4
2757 17,000 18.3 32.7

organic indicators and metal concentrations that exceeded median levels for the SCB occurred primarily at stations
characterized by sediments ranging from very fine sand to coarse silt (i.e., mean phi >3.5). Pesticide and PAH
contamination remains low in the region and appear to be unrelated to depth or sediment particle size.
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Appendix E

Regional Survey off San Diego
(July 2001)

Benthic Infauna

INTRODUCTION

The City of San Diego has conducted regional benthic monitoring surveys off the San Diego coast since 1994.
These annual surveys are based on an array of stations that are randomly selected each year by the United States
Environmental Protection Agency (USEPA) using the USEPA probability-based EMAP design. During the
summers of 1994 and 1998, the City participated with other major municipal wastewater dischargers in large-scale
surveys of the entire Southern California Bight, the Southern California Bight 1994 Pilot Project (SCBPP) and the
1998 Southern California Bight Monitoring Survey (Bight’98). Results of the SCBPP benthic survey are available
in Bergen et al. (1998, 2001), while those for the Bight’98 project have not yet been completed. Subsequent to the
SCBPP, the City of San Diego continued to conduct similar but less extensive annual surveys of the San Diego
region as part of monitoring efforts for the South Bay Ocean Outfall (SBOO). From 1995 through 1997, these
surveys were conducted as part of the SBOO baseline monitoring program (see City of San Diego 1999a, 2000a,
2001), while the 1999 through 2001 surveys were performed in conjunction with post-discharge monitoring
activities for the area (see Chapter 1). The main objectives of these surveys are: (1) to characterize benthic
conditions for the large and diverse coastal region off San Diego; (2) to characterize the ecological health of the
marine benthos in the area; (3) to gain a better understanding of regional conditions in order to distinguish between
areas impacted by anthropogenic and natural events.

This section presents an analysis and interpretation of the benthic macrofaunal data collected during the San Diego
regional survey of 2001. Included are descriptions and comparisons of the region’s soft-bottom macrobenthic
assemblages, and analysis of benthic community structure. Results of the sediment quality analyses for this survey
are provided in Appendix D of this report.

MATERIALS & METHODS

Collection and Processing of Benthic Samples

Benthic samples were collected at 38 stations off the San Diego coast during July 2001 (Figure E.1). These stations
were located at depths ranging from 37 to 660 ft (11-201 m) and covered an area  ranging from the border between
the United States and Mexico to Solana Beach in northern San Diego County, California. All stations were
randomly selected using the USEPA probablility-based EMAP design (Bight’98 Steering Committee 1998).
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Although 40 stations were initially selected for the 2001 survey, samples were not collected at two sites due to the
presence of incompatible substrates (e.g., rocky reefs).

Samples for benthic community analysis were collected from two replicate 0.1 m2 van Veen grabs at each station.
The criteria established by the USEPA to ensure consistency of grab samples were followed with regard to sample
disturbance and depth of penetration (USEPA 1987). All samples were sieved aboard ship through a 1.0 mm mesh
screen. Organisms retained on the screen were relaxed for 30 minutes in a magnesium sulfate solution and then
fixed in buffered formalin (see City of San Diego 2002). After a minimum of 72 hours, each sample was rinsed
with fresh water and transferred to 70% ethanol. All organisms were sorted from the debris into major taxonomic
groups by a subcontractor (MEC Analytical Systems, Inc., Carlsbad, California). The biomass for each sample
was measured as the wet weight in grams for each of the following taxonomic categories: Polychaeta (Annelida),
Crustacea (Arthropoda), Mollusca, Ophiuroidea (Echinodermata), non-ophiuroid Echinodermata, and all other
phyla combined (e.g., Cnidaria, Platyhelminthes, Phoronida, Sipuncula, etc.). Values for ophiuroids (i.e., brittle
stars) were combined with those for all other echinoderms to give a total echinoderm biomass. After biomassing,
all animals were identified to species or the lowest taxon possible and enumerated by City of San Diego marine
biologists.

Data Analyses

The following benthic community structure parameters were calculated for each station: (1) species richness
(number of species per grab); (2) abundance (number of individuals per grab); (3) biomass (grams per grab, wet
weight); (4) Shannon diversity index (H’ per grab); (5) Pielou’s evenness index (J’ per grab); (6) Swartz
dominance (number of species comprising 75% of the abundance in each grab); (7) Infaunal Trophic Index (ITI
per grab) (see Word 1980).

Ordination (principal coordinates) and classification (hierarchical agglomerative clustering) analyses were
performed to compare the overall similarity of benthic assemblages in the region. These analyses were performed
using Ecological Analysis Package (EAP) software (see Smith 1982; Smith et al. 1988). The macrofaunal
abundance data were transformed by a square root and standardized by the species mean abundance values
greater than zero.

RESULTS & DISCUSSION

Classification of Assemblages and Dominant Macrofauna

Ordination and classification analyses separated the sites into six major clusters based on the overall similarity of
their benthic assemblages (Figure E.2). Sediment composition of each group is summarized in Table E.1. The
dominant species within each cluster group are listed in Table E.2. Similar to previous random sample surveys of
the region, depth and sediment composition were the primary factors affecting the distribution of assemblages
(e.g., City of San Diego 1999a, 2000a, 2001, Bergen et al. 2001).
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The first split in the dendrogram was associated primarily with depth, and separated the sites into two main clusters,
groups A-D versus groups E-F  (see split 1 in Figure E.2). The stations in cluster groups A-D occurred at depths
greater than 132 ft, while those in groups E-F occurred at depths less than 160 ft (Table E.1).  Differences in
sediment composition and dominant taxa distinguished groups D and E, which overlap in depth.

Cluster groups A-D separated from each other along both depth and sediment gradients (see splits 3 - 5 in Figure
E.2). Groups A and B comprised samples from the eight deepest sampling sites in the region (> 383 ft), while group
C consisted of samples from mid-shelf depths (i.e., 200 - 318 ft) (Table E.1). The two deepwater groups had
considerably different benthic assemblages. Group A represented two sites (stations 2753 and 2762) with quite
different sediment composition that occurred along an isolated deepwater rise. The most abundant species
characterizing this deepwater area included the molluscs Caecum crebricinctum and Huxleyia munita, along
with the crustacean Leptochelia dubia (Table E.2). Group B consisted of sites with an average of 44% fines that
occurred along the shelf break from Point Loma northward. The four most abundant species in these deep,
relatively fine sediments were the polychaetes Spiophanes fimbriata, Paradiopatra parva, Chaetozone
hartmanae and Myriochele sp M.

 Nearly one-third of the 38 stations sampled comprised station group C, the mid-shelf sites ranging in depth from
200 ft to 318 ft (Figure E.2). This cluster group, with the exception of station 2756, was characterized by mixed
sediments of about 13 to 65% fines (Table E.1, Figure E.3). Infaunal assemblages that occurred at these sites
are similar to those that dominate much of the mainland shelf off southern California. The two most abundant
species characterizing this mid-depth group included  the polychaete Myriochele sp M and the ophiuroid
Amphiodia urtica.  Myriochele sp M is an opportunistic species whose populations vary greatly. While it is
listed as the most abundant animal within station group C, with an average abundance of 146 animals per 0.1
m2, 75% of its total abundance (1,374 individuals) was found in at single station (2739).  If this station is excluded,
the average abundance of Myriochele sp M becomes 88 individuals per 0.1 m2 for the 11 remaining sites within
group C.  Amphiodia urtica averaged about 62 animals per 0.1 m2 (Table E.2); however, this number
underestimates actual populations since juveniles are difficult to identify and are usually recorded at either the
genus (Amphiodia sp) or family (Amphiuridae) level. For example, Amphiodia sp and Amphiuridae were the
third and sixth most abundant taxa in this cluster group, averaging 20 and 8 individuals per 0.1  m2, respectively.
Combining the average abundances of the three taxa yields an estimated population size for A. urtica of about
90 animals per sample. Other characteristic species of group C included the polychaetes Myriochele gracilis
and Proclea sp A.

Group D represented animal assemblages that are transitional between the >200 ft, fine sediment assemblages,
and the shallow, more coarse assemblages in the region (Table E.1, Figures E.2 and E.3).  The group includes five
shallow, mid-depth stations (132-179 ft), three of which had less than 3% fines. In addition to having species
representative of both mid-water and shallow depths, the group had several characteristics associated with a
“transitional community,” such as high species richness and low dominance.   The dominant species at these sites
included the polychaetes Spiophanes duplex, S. bombyx, S. berkeleyorum, Syllis (Ehlersia) heterochaeta,
Aricidia (Acmira) simplex and Sternaspis fossor, the amphipod Ampelisca brevisimulata, and the ophiuroid
Amphiodia urtica (Table E.2).



154

Figure E.2
Dendogram illustrating cluster results of macrofaunal abundance data collected at randomly selected stations off
San Diego (July 2001). Major cluster groups delineated by heavy lines. Splits 1-5 represent major branches referred
to in text.

The eleven shallowest sites (i.e., <107 ft) plus two relict red sand sites (2766 and 2769) comprised cluster groups
E and F (see Appendix D, Table E.1, Figures E.2 and E.3). Sediments at the four stations of group E included more
coarse materials, such as coarse black sand and gravel or relict red sands, which are typically associated with
unique benthic assemblages (e.g., see Chapter 4 of this report). Group E was dominated by two polychates, the
sabellid Euchone arenae and the spionid Spiophanes bombyx, the gastropod mollusc Caecum crebrecinctum,
and the sipunculid worm Apionsoma misakianum (Table E.2). The dominant species of group F were
representative of the “typical” shallow water assemblage: the spionid polychate Spiophanes bombyx, the bivalve
Tellina modesta, the phoxocephalid amphipods Rhepoxynius menziesi and R. abronius, and the cumacean
Diastylopsis tenuis.

Community Parameters

Number of Speaccies
Overall, the 2001 survey had relatively high species diversity. A total of 817 infaunal taxa were identified during
the July 2001 survey, an increase of 15% over 2000.  Rare or unidentifiable taxa that occurred only once accounted
for 20% of these 817 taxa.

Species richness (i.e., the number of species per sample) was highly variable, averaging from 36 to 157 species
per 0.1 m2 grab (Table E.3, Figure E.4a). The number of species varied among stations within cluster groups, but
was highest (>85) among the mid-shelf and deeper stations (station groups A - D). The “transitional” assemblage
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Cluster Group
Higher A B C D E F

Species/Taxon Taxa Code* (n=2) (n=6) (n=12) (n=5) (n=6) (n=9)

Typhlotanais crassus C 4.5 . . . . .
Huxleyia munita M 8.0 0.1 <0.1 . . .
Spiophanes fimbriata P . 31.6 3.5 . . 0.1
Tellina cadieni M 4.2 5.5 0.8 . . .
Fauveliopsis sp SD 1 P . 8.0 . . 0.4 .
Chaetozone hartmanae P . 12.8 2.9 0.6 0.1 0.1
Myriochele gracilis P 1.2 4.3 17.8 0.2 . 0.1
Paradiopatra parva P 5.8 16.5 6.2 1.2 0.1 0.3
Prionospio (Prionospio) dubia P 0.5 7.0 2.7 1.1 . .
Ampelisca careyi C 6.0 0.8 1.3 0.7 . .
Amphiodia sp E 1.8 2.5 20.0 3.9 0.1 0.2
Sternaspis fossor P . 4.6 6.1 6.6 . 0.4
Praxillella pacifica P . 7.6 2.5 2.6 . 0.3
Amphiuridae E 1.8 2.3 7.6 2.4 1.5 0.3
Myriochele sp M P . 10.2 146.1 4.0 0.2 0.1
Amphiodia urtica E . 8.2 62.4 6.6 0.1 .
Proclea sp A P . 3.4 10.3 . 0.5 0.1
Axinopsida serricata M . 2.0 6.8 0.7 . .
Caecum crebricinctum M 11.8 2.9 . . 11.4 .
Scalibregma inflatum P . 0.1 2.7 4.6 4.6 0.3
Spiophanes berkeleyorum P . 1.3 1.1 6.9 0.1 0.6
Ampelisca brevisimulata C 0.2 0.4 1.3 6.8 . 0.7
Pista sp B P 4.5 3.2 0.5 2.1 0.5 0.4
Aricidea (Acmira) simplex P . 1.4 1.4 6.8 0.1 .
Leptochelia dubia C 10.8 0.7 1.6 1.6 2.6 0.4
Maldanidae P 0.2 7.3 3.8 6.3 0.4 1.9
Mediomastus sp P 1.8 7.2 1.9 0.7 0.2 2.6
Pectinaria californiensis P 2.8 3.4 2.8 1.7 0.2 3.5
Amphiodia digitata E 5.8 1.2 0.2 0.7 0.1 0.4
Sthenelanella uniformis P . 0.2 0.7 5.9 . 0.2
Syllis (Ehlersia) heterochaeta P 0.8 0.4 0.1 7.9 . 0.1
Exogone lourei P 4.8 0.1 0.2 . . 0.4
Apionsoma misakianum O 0.2 . 0.1 4.4 10.8 .
Euchone arenae P 0.5 0.4 0.5 0.2 17.5 .
Ophiuroconis bispinosa E . 0.1 1.5 2.8 8.5 0.4
Foxiphalus obtusidens C 2.2 0.1 0.1 1.2 4.5 0.6
Ampelisca cristata cristata C . . . 0.1 6.6 0.8
Spiophanes bombyx P . . <0.1 6.7 13.0 4.8
Spiophanes duplex P . 2.6 5.2 13.5 0.1 3.6
Photis brevipes C . . 0.1 1.1 0.1 3.7
Sigalion spinosus P . 0.1 0.2 2.5 1.8 3.1
Spio maculata P . . . 0.2 5.4 .
Mooreonuphis sp SD 1 P . . . . 6.2 .
Edwardsia sp G (MEC) O . . . 0.1 . 3.3
Tellina modesta M . . <0.1 0.1 0.1 5.4
Rhepoxynius menziesi C . . . 1.2 . 5.0
Rhepoxynius abronius C . . . . . 5.1
Diastylopsis tenuis C . . . . . 4.3

Table E.2
Summary of the most abundant species comprising cluster groups A - F derived from the 2001 regional survey of
randomly selected stations off San Diego.  Data are included for any species that represented at least one of the
ten most abundant taxa in a group. Values for the dominant species discussed in the text are underlined and the
species name bolded.  Data are expressed as the mean abundance per sample (0.1 m2 ).  n = number of station/
survey entitles comprising each cluster group.

 * P = Polychaeta (Annelida), C = Crustacea (Arthropoda), M = Mollusca, E = Echinodermata, S = Sipuncula.
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Figure E.3
Sediment composition vs. depth for the 2001 regional survey of randomly selected stations off San Diego.  Data are
expressed as the percent fines (<63�m) in the sediments at each station.  Groups A - F correspond to the six major
benthic infaunal cluster groups (see Table E.1 and Figure E.2 for details).
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(group D) averaged the highest number of species (116 species/sample). In contrast, species richness averaged
78 and 58 species per sample at the red relict sand and shallow water sites (groups E and F, respectively).

Infaunal Abundance
Macrofaunal abundance was highly variable across the region. Excluding station 2739 with a mean infaunal
abundance of 1,060 due to the presence of large numbers of the polychaete Myriochele sp M, infaunal abundance
was similar to last year, ranging from 77 to 685 per sample (Table E.3, Figure E.4b). Peak abundance occurred
at the mid-depth stations (station group C) with densities of about 454 animals per sample for all stations within the
group; 399 animals per sample with station 2739 excluded. The deepwater rise and shallow water habitats
averaged 218 and 165 animals per sample, respectively.

Biomass
Infaunal biomass was also quite variable, averaging from 0.4 to 89.5 g per sample (0.7 to 45.7 per station ) (Table
E.3, Figure E.4c). The only clear pattern was that biomass was generally higher at the deepwater sites. Relatively
high biomass values (> 10 g/sample) were typically associated with the collection of a few large animals (e.g.,
echinoids, holothuroids, gastropods) or large numbers of individual taxa (e.g., ophiuroids or molluscs), a pattern
similar to that seen throughout the Southern California Bight. For example, station 2753 included one grab sample
with a biomass of 89.5 g due to a single specimen of the echinoid Allocentrotis fragilis, while the second grab did
not include any echinoids and had a total biomass of 1.9 g.
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Station Station Grp Depth (ft) SR Abun Biomass H’ J’ Dom ITI
Deepwater stations

2753 A 507 91 264 45.7 4.0 0.89 36 79
2762 A 660 79 173 14.1 4.1 0.93 36 87

Grp A mean 584 85 218 29.9 4.1 0.91 36 83

2733 B 383 156 685 10.7 4.2 0.84 42 79
2750 B 428 102 367 5.9 4.0 0.86 36 84
2731 B 485 98 359 9.9 3.9 0.85 32 79
2741 B 500 81 243 20.2 3.8 0.87 30 81
2735 B 585 59 194 38.3 3.5 0.86 21 81
2747 B 585 49 154 23.1 3.3 0.84 17 84

Grp B mean 494 91 333 18.0 3.8 0.85 29 81

Mid-depth stations
2745 C 200 91 392 7.8 3.6 0.79 22 81
2744 C 210 96 540 7.5 3.2 0.70 20 78
2767 C 237 99 219 2.7 4.1 0.89 45 79
2739 C 247 87 1060 8.1 1.8 0.39 3 74
2742 C 252 94 471 9.0 2.9 0.65 18 81
2734 C 257 86 579 11.1 2.8 0.63 11 78
2746 C 265 83 429 9.9 3.1 0.70 16 89
2757 C 273 73 331 5.9 3.2 0.74 16 90
2765 C 292 76 244 6.1 3.7 0.86 27 86
2736 C 312 86 492 6.9 3.1 0.70 17 79
2737 C 315 85 473 7.2 2.9 0.65 14 76
2756 C 318 80 223 4.2 3.9 0.88 34 80

Grp C mean 265 86 454 7.2 3.2 0.72 20 81

2760 D 132 111 266 6.4 4.3 0.92 50 85
2738 D 138 78 206 4.9 3.9 0.91 32 84
2748 D 141 108 339 7.7 4.0 0.87 42 80
2740 D 144 127 347 6.4 4.4 0.92 53 80
2761 D 179 157 470 7.3 4.6 0.90 61 86

Grp D mean 147 116 325 6.5 4.2 0.90 47 83

2755 E 98 86 274 17.6 3.9 0.87 29 74
2743 E 107 104 369 5.5 4.0 0.87 36 86
2766 E 144 62 192 3.5 3.6 0.87 23 90
2769 E 159 61 166 5.4 3.4 0.83 24 92

Grp E mean 127 78 250 8.0 3.7 0.86 28 85

Shallow-water stations
2764 F 44 36 113 0.7 2.9 0.82 13 73
2752 F 45 49 129 1.5 3.4 0.87 21 76
2758 F 50 36 77 2.8 3.2 0.89 18 79
2749 F 54 84 356 6.2 3.9 0.87 28 71
2732 F 62 67 222 1.9 3.6 0.85 24 89
2751 F 63 54 102 1.7 3.7 0.93 29 76
2763 F 72 65 141 1.8 3.9 0.93 31 82
2730 F 80 61 174 2.0 3.6 0.89 24 79
2768 F 106 68 174 3.6 3.9 0.94 32 83

Grp F mean 64 58 165 2.5 3.6 0.89 24 78.5

Area mean 240 83 316 9.0 3.6 0.83 28 81

Table E.3
Summary of the major benthic community parameters for the 2001 regional survey of randomly selected
stations off San Diego.  Data for each station are expressed as means per 0.1 m2 grab for: (1) species
richness (SR); (2) abundance (Abun); (3) biomass = grams, wet weight; (4) diversity (H’); (5) evenness (J’);
(6) Swartz dominance (Dom); (7) Infaunal Trophic Index (ITI).
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Species Diversity and Dominance
Species diversity varied among stations, with values of H’ ranging from 1.8 to 4.6 (Table E.3, Figure E.4d).
Diversity was relatively high in 2001 with 66% of the stations having H’ values >3.5, compared to 53% in 2000 (see
City of San Diego 2001).  The highest values occurred at stations within group D (mean H’=4.2). Dominance,
measured as the minimum number of species comprising 75% of a community by abundance (see Swartz 1978),
is inversely proportional to numerical dominance. These values also varied widely throughout the region, and
averaged from three to 61 species per station . Stations within group D also had the lowest dominance (i.e., highest
average values for Swartz dominance, 47). Again, the presence of high numbers of the polychaete Myriochele
sp M affected the results at station 2739, which had the lowest diversity and dominance values.

Infaunal Trophic Index (ITI)
Average ITI values were similar to those of 2000, ranging from 71 to 92 throughout the San Diego region (Table
E.3, Figure E.4f). These relatively high values (i.e., > 60) are generally considered characteristic of “normal”
benthic conditions (Bascom et al. 1979).  The shallow stations (station group F) generally had lower ITI values than
mid-shelf and deeper stations. Two of the shallow stations had the lowest recorded values, 68 and 69 for individual
grabs at stations 2752 and 2755, respectively.  Station 2739 had the lowest value among the mid-shelf assemblage,
which is probably a result of the high numbers of the polychaete Myriochele sp M, a category II surface deposit
feeder (see Word 1980).

SUMMARY & CONCLUSIONS

The Southern California Bight (SCB) benthos has long been considered a “patchy” habitat, with the distribution
of species and communities varying in space and time.  Results of the 2001 regional survey support this
characterization.  Barnard and Ziesenhenne (1961) described the SCB shelf as consisting of an Amphiodia
“mega-community” with other sub-communities representing simple variations determined by differences in
substrate type and microhabitat, i.e., the ophiuroid Amphiodia urtica appears to be a sub-dominant or co-
dominant species in these other assemblages. The present and previous regional surveys off San Diego
generally support these claims (e.g., see City of San Diego 1999a, 2000b, 2001). Several distinct benthic
assemblages identified during the 2001 survey were similar to the Amphiodia “mega-community” common in
the region  (i.e., station groups B, C and D), while others demonstrated the variety of different habitats also
present off San Diego (i.e., station groups A, E and F) . These assemblages segregated mostly due to
differences in habitat (e.g., depth and sediment grain size), and not their proximity to input from anthropogenic
sources.

The Amphiodia “mega-community” was characteristic of the mid-shelf assemblage (station group C) and
occurred at depths between 200 ft and 318 ft in sediments composed of relatively fine particles (e.g., mean phi of
3.9 with 40% fines). It was also represented in the deeper (383-660 ft) and shallower (130-180 ft) assemblages,
station group B and D, respectively. In addition to the ophiuroid A. urtica and the opportunistic  polychaete
Myriochele sp M, other species characteristic of this community included the spionid polychaetes Spiophanes
fimbriata, S. duplex and S. berkeleyorum, the onuphid Paradiopatra parva, and the ampeliscid amphipod
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Figure E.4
Summary of benthic community parameters vs depth for the 2001 regional survey of randomly selected stations off
San Diego.  Data are expressed as mean values per 0.1 m2 grab for: (A) species richness; (B) infaunal abundance;
(C) biomass (g, wet weight); (D) diversity (H’); (E) Swartz dominance; (F) infaunal trophic index (ITI).  See Table E.1
and Figure E.2 for details of cluster groups A - F.
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Figure 4.D
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Figure E.4 (continued)

Figure 4.C
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Figure 4.F
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Figure E.4 (continued)

Figure 4.E
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Ampelisca brevisimulata. Similar ophiuroid-polychaete dominated assemblages have been described by Barnard
and Ziesenhenne (1961), Jones (1969), Fauchald and Jones (1979), Thompson et al. (1987, 1992, 1993),
EcoAnalysis et al. (1993), Zmarzly et al. (1994), Diener and Fuller (1995) and Bergen et al. (1988, 2001).

Deepwater assemblages in the region were highly variable depending upon whether they occurred along the
shelf-break or a deepwater rise. The two sites located  along the deepwater rise off Point Loma were
dominated by the molluscs Caecum crebricinctum and Huxleyia minuta, and the crustacean Leptochelia
dubia. In contrast, the fine sediment sites occurring along the shelf-break were dominated by polychaetes,
including Spiophanes fimbriata, Paradiopatra parva and Chaetozone hartmanae. Similar deepwater
assemblages have been described in previous years (e.g., Bergen et al. 1998, 2001, City of San Diego 2000b,
2001).

Station group D was represented a group of transitional stations that separated the fine sediment stations of the
mid-shelf region from the sandy sediments common in shallow waters.  This group of five stations was
characterized by relatively high species richness and low dominance.  The co-dominant taxa in this station group
included the polychaetes Spiophanes duplex, S. bombyx, S. berkeleyorum, Syllis (Ehlersia) heterochaeta,
Aricidia simplex and Sternaspis fossor, the amphipod Ampelisca brevisimulata, and the ophiuroid Amphipoda
urtica.

Benthic assemblages at the shallower sites (e.g., < 130 ft) were quite varied. They included several very coarse
black or red relict sand stations, along with the “typical” sandy, shallow water assemblage.  The latter comprised
station group F and was generally less diverse and similar to other shallow, sandy sediment communities in the SCB
(see Barnard 1963, Jones 1969, Thompson et al. 1987, 1992, ES Engineering-Science 1988). At many of these
stations, species such as the polychaete Spiophanes bombyx, the bivalve Tellina modesta, the amphipods
Rhepoxynius menziesii and R. abronius, and the cumacean Diastylopsis tenuis become numerically dominant.
However, sites within station group E were characterized by unique sediments composed of relict red or black
sands that are typically associated with distinct benthic assemblages.  This assemblage was dominated by the
polychaetes Euchone arenae and Spiophanes bombyx, the gastropod Caecum crebricinctum, and the
sipunculid worm Apionsoma misakianum.

No evidence of anthropogenic influences was observed off San Diego in the 2001 regional survey of randomly
selected stations. All stations had mean ITI values above 60, characteristic of normal sediment conditions, and
there was no indication that either the Point Loma Ocean Outfall or the South Bay Ocean Outfall had any impact
on benthic community structure in the region. There was also little clear evidence that local bays or non-point
sources adversely affected nearshore benthic communities.  However, abundances of soft-bottom
invertebrates exhibit substantial spatial and temporal variability that may mask the effects of natural or
anthropogenic disturbances (Morrisey et al. 1992a, 1992b, Otway 1995). For example the opportunistic
polychaete Myriochele sp M, present in very high abundances at station (2739), affected species richness,
diversity (H’), dominance and even ITI values, making them artificially low relative to other stations of similar
habitat. Future region-wide surveys may provide additional information useful in understanding these types of
population fluctuations.
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