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FOREWORD 

 

Although more than 10 million dollars is spent annually monitoring southern California’s 

coastal waters, some basic questions about the ocean’s condition, such as how many 

acres of ocean bottom are impaired, can not be answered. The principal limitation is that 

less than 5% of the area on the mainland shelf of the Southern California Bight (SCB) is 

routinely monitored. Moreover, the constituents measured, as well as the frequency and 

methodology by which they are measured, typically differ among monitoring programs in 

the SCB. These limitations reflect the predominant association of monitoring in southern 

California with discharge permit requirements that are focused on site-specific, single-

source issues. While these programs generally collect high quality data, they are not 

designed to describe changes which occur on regional scales or to assess cumulative 

impacts from multiple sources whose fates commingle. 

 

Recognizing the need for integrated assessment of the southern California coastal ocean, 

12 governmental organizations, including the four largest municipal dischargers and the 

five regulators of discharge in southern California, collaborated to conduct a 

comprehensive regional monitoring survey in the summer of 1994. Referred to as the 

Southern California Bight Pilot Project (SCBPP), the monitoring survey included 

measures of the water quality, sediment chemistry, sediment toxicity, benthic infauna, 

and demersal fishes. This report summarizes the demersal fish and megabenthic 

invertebrate portion of the study. Other reports are available on the web 

(www.sccwrp.org) or from the Southern California Coastal Water Research Project. 
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J. Mubarak, C. L. Tang, and R. Gartman. 1998. Southern California Bight 1994 Pilot 

Project: V. Demersal fishes and megabenthic invertebrates. Southern California Coastal 

Water Research Project, Westminster, CA. 
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EXECUTIVE SUMMARY 

 

Demersal fishes and megabenthic invertebrates inhabit the soft-bottom habitat and hence 

are widely distributed on the mainland shelf of the Southern California Bight (SCB). 

Populations of these sedentary fishes and invertebrates have been monitored extensively 

during the past 25 years to assess impacts resulting from the discharge of treated 

wastewater to the shelf. Although inputs of chlorinated hydrocarbon compounds and 

other anthropogenic contaminants to the SCB are presently low, historical deposits in the 

sediments may still affect populations of these organisms. While much is known about 

demersal populations in discharge areas, less is known about their condition throughout 

Southern California. Thus, a regional trawl study of the mainland shelf of Southern 

California was conducted to assess the variability and condition of fish and invertebrate 

populations and assemblages, and the extent of contamination of demersal fish on the 

shelf. 

 

Trawl samples were collected from 114 stations at depths of 10-200 m from Point 

Conception, California to the United States-Mexico international border in July-August 

1994. The stations were selected from a stratified random sampling design. Fish and 

invertebrate populations were sampled by small (7.6-m headrope) semiballoon otter 

trawls from July to August 1994. Fish and invertebrates were identified to species, 

counted, weighed by species to the nearest 0.1 kg, and examined for anomalies. Fish 

lengths were measured to centimeter size classes. Sample collection and processing, and 

taxonomic identification of fishes and invertebrates used predetermined sampling 

protocol from a specially designed field manual, with quality control checks conducted 

before, during, and after the survey. 

 

In addition, samples of Pacific sanddab (Citharichthys sordidus), longfin sanddab 

(Citharichthys xanthostigma), and Dover sole (Microstomus pacificus) were collected at 

63 stations for tissue contamination analysis, composited individually in the field, and 

frozen. Prior to chemical analysis, samples of these flatfishes were thawed and dissected 

to remove livers. Livers were analyzed for 14 chlorinated hydrocarbon classes which 

included (13 pesticides and polychlorinated biphenyl [PCB]) using gas 

chromatography/mass spectrometry (GC/MS). 

 

Data were analyzed for the SCB as a whole and for specific subpopulations. Regional 

subpopulations included the northern region (Point Conception to Point Dume), central 

region (Point Dume to Dana Point), and southern region (Dana Point to the United States-

Mexico international border). Depth zone subpopulations included inner shelf (10-25 m), 

middle shelf (26-100 m), and outer shelf (101-200 m). Anthropogenic influence areas 

included publicly owned treatment work (POTW) monitoring areas and non-POTW 

areas. Fish and invertebrate data were analyzed separately. Data were summarized, 

presented as cumulative distribution functions, and tested for differences among 

subpopulations. Recurrent groups (i.e., groups of frequently co-occurring species) of 

fishes and invertebrates were described separately using Fager’s recurrent group analysis. 

Separate cluster analyses also were conducted separately for fish and invertebrate data. 

Site groups were described using cluster analysis with square-root transformation of 
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abundance data, Bray-Curtis dissimilarity index, and an agglomerative, hierarchical, 

flexible sorting method. The results of the cluster analysis were displayed in dendrograms 

and two-way tables. 

 

Of 140 targeted trawl stations, 114 (81%) were successfully sampled. Most of the 26 

unsampled stations were abandoned due to the unsuitability of the seafloor for trawling. 

Almost 100% of the fish and 97% of the invertebrates counted were identified to species. 

Approximately 99% of the fish counted were measured. Measurement error was higher 

for biomass than for counts of individuals because biomass measurements were made on 

a moving boat. Anomalies audited in the field were correctly identified. 

 

A total of 87 species of fish, representing 14 families and 3 classes, were collected in this 

survey. Catches were dominated by pleuronectiform (flatfish) species. Twenty-one 

species occurred in 20% or more of the stations on the mainland shelf. The most 

frequently occurring species were Pacific sanddab (Citharichthys sordidus), Dover sole 

(Microstomus pacificus), and hornyhead turbot (Pleuronichthys verticalis). Nineteen 

species occupied more than 20% of the area of the shelf and six species individually 

occupied more than 50% of the area. Pacific sanddab, Dover sole, and plainfin 

midshipman (Porichthys notatus) occupied the largest area of the shelf. Twenty-six 

species cumulatively comprised 95% of the fish abundance but only six accounted for 

more than 5% each. The most abundant species were Pacific sanddab, plainfin 

midshipman, and slender sole (Eopsetta exilis). Twenty-eight species comprised 95% of 

the fish biomass and five accounted for more than 5% each. California halibut 

(Paralichthys californicus), Pacific sanddab, and white croaker (Genyonemus lineatus) 

had the highest total biomass in the survey. However, although Pacific sanddab occurred 

at 66% of the stations, California halibut and white croaker were found at 20% and 5% of 

the stations, respectively. California halibut had high individual biomass and white 

croaker occurred in large numbers at one station. Fish captured in this survey ranged in 

size from 1.5 cm to approximately 1 m in length. Most of the fish were small, with 

approximately 95% ranging in size from 2.5 to 18.5 cm in length. The modal size class 

(6.5 cm) of the fish comprised 10% of the catch. 

 

Fish population attributes (abundance, biomass, numbers of species, and diversity) varied 

by region and depth. Regionally, the northern region had significantly lower fish biomass 

than the other regions and higher numbers of species than the central region. The central 

region had significantly lower fish diversity and the southern region had significantly 

higher abundance than the other regions. Bathymetrically, numbers of species and 

diversity were significantly lower on the inner shelf; fish biomass was significantly 

higher on the outer shelf; and fish abundance increased with increasing depth, differing 

significantly between each of the depth zones. 

 

Of 87 species of fish collected in 1994, only 28 formed recurrent groups or were 

associates of recurrent groups. Five recurrent groups of fishes were described with two to 

eight species per group. Each group was characteristic of different bathymetric zones. 

Major recurrent groups changed slightly (by addition or deletion of species) between the 

early 1970s and 1994, probably as a result of oceanic warming since the early 1980s. 
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However, four core recurrent groups (representing the most characteristic and persistent 

species groups on the mainland shelf of the Bight) were found in both periods: 1) 

Inner/Middle Shelf Group; 2) Middle Shelf Group; 3) Middle/Outer Shelf Group; and 4) 

Outer Shelf Group. 

 

Five major station clusters and four major species clusters of fishes, with minor 

subgroupings, were delineated by cluster analysis. Station clustering roughly 

corresponded to water depth with some overlap between station groups, and 

corresponded to a lesser extent to sediment grain size patterns, which also tend to be 

correlated with water depth. Station Cluster 1 generally included the shallowest stations 

sampled while Station Cluster 5 included the deepest stations. All five station clusters 

were broadly distributed throughout the SCB study area except for Station Cluster 1 

which was not represented in the western portion of the Santa Barbara Channel and 

Station Cluster 3, which was predominantly representative of the middle shelf areas of 

the northern SCB. 

 

A total of 204 species of megabenthic invertebrates representing 110 families, 20 classes, 

and 8 phyla were collected in the survey. Mollusks were the most diverse phylum, 

malacostracan crustaceans the most diverse class, and right-handed hermit crabs 

(Paguridae) the most diverse family. Thirteen species occurred at more than 20% of the 

stations on the mainland. The most frequently occurring species were California sand star 

(Astropecten verrilli), ridgeback rock shrimp (Sicyonia ingentis), and white sea urchin 

(Lytechinus pictus). Twelve species occupied 20% or more of the area and two occurred 

in more than 50% of the area. California sand star, ridgeback rock shrimp, and gray sand 

star (Luidia foliolata) occupied the most area. Ten species of invertebrates comprised 

95% of the abundance and biomass, but only five accounted for more than 5% each for 

both measures. White sea urchin, brokenspine brittlestar (Ophiura luetkeni), and 

ridgeback rock shrimp were the most abundant. However, California sea cucumber 

(Parastichopus californicus), fragile sea urchin (Allocentrotus fragilis), and California 

heart urchin (Spatangus californicus) had the highest biomass. 

 

Invertebrate population attributes varied by region and depth. Regionally, the northern 

region had significantly higher invertebrate abundance whereas the central region had 

significantly lower biomass and higher diversity than the other regions. Bathymetrically, 

invertebrate abundance and numbers of species were significantly lower and diversity 

was significantly higher on the inner shelf than on the middle and outer shelf zones. 

Biomass increased with increasing depth, differing significantly between each of the 

depth zones. 

 

Of 204 species of invertebrates collected, only 31 formed recurrent groups or associates. 

Seven recurrent groups of invertebrates with two to six species per group were described. 

Each group was characteristic of a different bathymetric zone but some also represented 

specific habitats within a depth zone (e.g., shelf-break, submarine canyons). The most 

frequently occurring species comprised the Middle/Outer Shelf Group. Most of the 

recurrent group species were also dominant species in earlier descriptions of megabenthic 

assemblages based on ordination and classification analysis. Although recurrent groups 
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have not previously been described, megabenthic invertebrate core groups are likely to 

comprise part or all of the Middle/Outer Shelf and Outer Shelf Groups. 

 

Five major station clusters and three major species clusters of invertebrates, with many 

minor subgroupings, were delineated by cluster analysis. Stations were roughly clustered 

according to water depth and to a lesser degree by sediment grain size measures. Station 

cluster 1 generally included the shallowest stations sampled while station cluster 5 

included the deepest stations. Stations in all five clusters were broadly distributed 

throughout the study area except for stations in cluster 1 which were found only in the 

central portion of the SCB. 

 

Overall, depth was more important than geographical area or sediment type in 

determining the organization of fish and invertebrate assemblages and the magnitude of 

population attributes. Most population attributes were lower on the inner (shallow) shelf 

and higher in deeper water. 

 

Contamination of flatfish livers was widespread on the mainland shelf of the SCB, but 

was limited to two of the 14 chlorinated organic compound classes examined -- total 

dichlorodiphenyltrichloroethane (DDT) and total PCB. Virtually all of Pacific sanddab 

and longfin sanddab populations were contaminated with DDT and PCB. Also, DDT 

contaminated the majority (64%) of the Dover sole population on the mainland shelf. The 

other 12 pesticides and their metabolites were not detected in any of the target species. 

The PCB measurements were dominated by 12 congeners (52, 66, 87, 101, 105, 118, 128, 

138, 153, 170, 180, and 187), which averaged 95% of the combined mass of the 27 

congeners analyzed. Sediment concentrations (normalized by total organic carbon content 

[TOC]) accounted for most of the variability observed in tissue concentrations 

(normalized by lipid content) for 8 of these 12 congeners and total PCB. Normalized 

sediment concentrations were also significantly correlated to normalized tissue 

concentrations for total DDT and p,p’-DDE. 

 

Anomalies were rare in fish and invertebrates; incidences were scattered throughout the 

SCB. A total of 197 of 18,912 fish (1%) had anomalies; most of these were pigment 

anomalies (diffuse pigmentation or ambicoloration) or parasites. Ten fish (all Dover sole) 

had tumors, seven had lesions, and one (a Dover sole) had fin erosion. The 1% anomaly 

rate probably represents background influences, as similar background anomaly rates 

have been found on the eastern coast of the United States. 

 

No population or assemblage measure was useful in indicating from a single sample 

whether the fish assemblage at a site was impacted by human activities. Fin erosion, one 

of the best indicators of human impact to the fish populations in the past was virtually 

absent in 1994. 

 

Fish and invertebrate population attributes were generally higher on the middle shelf in 

POTW monitoring areas than in non-POTW areas. Site clustering did not reveal any 

pattern of fish assemblages associated with potential sources of contamination and only 

showed a slight pattern for invertebrates. 
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Anthropogenic debris occurred in 14% of the area of the mainland shelf. Anthropogenic 

debris (consisting largely of bottles, cans, and fishing gear) was most common in the 

central region, outer shelf, and POTW areas, suggesting that marine vessel activity and 

fishing were the primary sources. 

 

Fish and invertebrate health, populations, and assemblages have changed during the past 

25 years. The prevalence of fish and invertebrate anomalies has decreased since the 

1970s, with occurrences in 1994 scattered along the mainland shelf rather than focused in 

specific areas. Mean fish and invertebrate population attributes are generally similar 

when comparing the results of the 1994 regional survey with historical data from 

accumulated local and semiregional surveys for the mainland shelf of the SCB. However, 

fish abundance and number of species have apparently increased to the south and fish 

diversity has increased to the north since the late 1970s. Dominant species of fish have 

also changed somewhat over time. Major fish recurrent groups changed slightly in 

species composition during this period as the ocean warmed during the 1980s. However, 

four core recurrent groups were found in both periods. 

 

Contaminant levels in flatfish livers from reference areas in the SCB have decreased 

during the past decades. Total DDT and total PCB liver concentrations decreased one to 

two orders of magnitude in Pacific and longfin sanddabs between 1985 and 1994. 

Similarly, in Dover sole, liver concentrations of these contaminants decreased 5- to 35-

fold between 1977 and 1994. These comparisons are potentially confounded by 

differences in sample design and analytical methods, as well as the variability inherent in 

fish catch, size class, and life history. However, the reductions in tissue concentrations 

appear to transcend these technical differences, since they occurred over several depths, 

species, and locations. Decreases in flatfish contamination during this period are likely 

the result of reduced inputs of contaminants and decreased contaminant levels in the 

sediments. 

 

Overall, demersal fish populations on the mainland shelf of Southern California in 1994 

appear to be relatively healthy compared to the early 1970s. With the exception of the 

wide distribution of detectable levels of DDTs and PCBs in flatfish livers, the area of 

demonstrable anthropogenic influence to these populations and to the habitat was 

relatively limited. 



 ix 

 

TABLE OF CONTENTS  

 
Trawl Report Group Members ...................................................................... i  

Foreword ....................................................................................................... ii  

Acknowledgments ......................................................................................... iii  

Executive Summary....................................................................................... iv  

Table of Contents........................................................................................... ix  

List of Figures ............................................................................................... xiv  

List of Tables ................................................................................................ xvi  

INTRODUCTION........................................................................................... 1  

MATERIALS AND METHODS .................................................................. 3  

Sampling Design............................................................................................... 3  

Field Sampling ................................................................................................. 4  

Fish and Invertebrate Sample Collection and Processing................................. 4  

Trawl Survey..................................................................................................... 4  

Collection of Fish for Bioaccumulation Study................................................. 6  

Benthic Sediment Samples...........................................................................…. 7  

Water-column Profiles....................................................................................... 7  

Laboratory Methods........................................................................................... 8  

Bioaccumulation Analysis................................................................................. 8  

Selection of Species, Contaminants, and Tissue................................................ 8  

Fish Dissections ................................................................................................ 8  

Sediment Grain Size Analysis........................................................................... 8  

Chemical Analysis............................................................................................ 9  

Quality Assurance/Quality Control (QA/QC) Procedures.............................. 10  

Field................................................................................................................. 10  

Taxonomic Identification................................................................................ 11  

Chemistry......................................................................................................... 11  

Data................................................................................................................. 12  

Data Analyses.................................................................................................. 12  

Description of Populations.............................................................................. 12  

Population Attributes...................................................................................... 12  

Population Summary Statistics ...................................................................... 13  

Cumulative Distribution Functions (CDFs)................................................... 14  

Statistical Tests............................................................................................... 14  

Assemblage Analyses..................................................................................... 15  

Recurrent Group Analysis.............................................................................. 15  

Cluster Analysis............................................................................................. 16  

Functional Organization Analysis.................................................................. 17  

Fish Population and Assemblage Biocriteria Analysis................................... 18  

ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_3_94scbppfish_introduction.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_4_94scbppfish_materials_methods.pdf


 x 

Bioaccumulation Data Analysis...................................................................... 21  

Focus of Analysis............................................................................................ 21  

Population Means............................................................................................ 21  

Correlation/Regression Analysis..................................................................... 22  

LOGISTICS AND QUALITY ASSURANCE............................................ 23  

Logistics.......................................................................................................... 23  

Trawl Sampling Success ................................................................................ 23  

Population Survey........................................................................................... 23  

Bioaccumulation Survey................................................................................. 24  

Tissue Sample Collection Success.................................................................. 24  

Quality Assurance/Quality Control................................................................. 25  

Success at Meeting Measurement Quality Objectives.................................... 25  

Equipment and Trawling Protocol Audits...................................................... 25  

Catch Processing Protocol Audits.................................................................. 25  

Taxonomic Identification............................................................................... 25  

Abundance..................................................................................................... 26  

Length............................................................................................................ 27  

Biomass.......................................................................................................... 27  

Anomalies...................................................................................................... 27  

Chemistry....................................................................................................... 27  

QA/QC Sample Type..................................................................................... 27  

Daily Calibration............................................................................................ 28  

Method Blanks................................................................................................ 28  

Blank Spiked and Matrix Spiked Samples..................................................... 28  

Laboratory Control Standards........................................................................ 29  

Surrogate Standards....................................................................................... 29  

FISH POPULATION AND ASSEMBLAGES.......................................... 31  

Population Attributes..................................................................................... 31  

Abundance per Haul...................................................................................... 31  

Biomass per Haul........................................................................................... 31  

Number of Species per Haul ......................................................................... 33  

Diversity per Haul.......................................................................................... 36  

Relative Variability of Fish Population Attributes ....................................... 37  

Species Composition….................................................................................. 37  

Taxonomic Composition ............................................................................... 37  

Species Areal Occurrence ............................................................................. 38  

Species Abundance........................................................................................ 38  

Species Biomass............................................................................................ 39  

Species Distributions...................................................................................... 41  

Pacific Sanddab (Citharichthys sordidus)...................................................... 42  

Plainfin Midshipman (Porichthys notatus).................................................... 43  

ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_5_94scbppfish_logistics_qa.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_6_94scbppfish_fish_pop_assem.pdf


 xi 

California Halibut (Paralichthys californicus).............................................. 44  

Slender Sole (Eopsetta exilis)........................................................................ 45  

Dover Sole (Microstomus pacificus)............................................................ 46  

White Croaker (Genyonemus lineatus)......................................................... 46  

Longfin Sanddab (Citharichthys xanthostigma)........................................... 46  

Speckled Sanddab (Citharichthys stigmaeus)............................................... 46  

Yellowchin Sculpin (Icelinus quadriseriatus).............................................. 46  

Stripetail Rockfish (Sebastes saxicola)......................................................... 47  

Hornyhead Turbot (Pleuronichthys verticalis).............................................. 47  

California Lizardfish (Synodus lucioceps)..................................................... 47  

English Sole (Pleuronectes vetulus)............................................................. 47  

California Tonguefish (Symphurus atricauda)............................................. 47  

California Scorpionfish (Scorpaena guttata)............................................... 48  

Species Size (Length) Distribution............................................................... 48  

All Fish......................................................................................................... 48  

Individual Species........................................................................................ 48  

Population Structure..................................................................................... 49  

Assemblages................................................................................................ 52  

Recurrent Groups......................................................................................... 52  

General Results........................................................................................... 52  

Group 1 (Inner/Middle Shelf Group).......................................................... 52  

Group 2 (Middle Shelf Group).................................................................... 52  

Group 3 (Middle/Outer Shelf Group)......................................................... 54  

Group 4 (Outer Shelf Group)...................................................................... 54  

Group 5 (Hueneme Canyon Group)............................................................ 55  

Site and Species Clusters ........................................................................... 55  

Selection of Species.................................................................................... 55  

Site Clusters................................................................................................ 55  

Species Clusters.......................................................................................... 60  

Comparison of Recurrent Groups and Site/Species Clusters…………….. 64  

INVERTEBRATE POPULATIONS AND ASSEMBLAGES.............. 67  

Population Attributes.................................................................................. 67  

Abundance per Haul................................................................................... 67  

Biomass per Haul....................................................................................... 67  

Number of Species per Haul ..................................................................... 69  

Diversity per Haul...................................................................................... 72  

Relative Variability of Invertebrate Population Attributes…………….... 73  

Species Composition.. ............................................................................... 73  

Taxonomic Composition ........................................................................... 73  

Species Areal Occurrence ......................................................................... 74  

Species Abundance.................................................................................... 75  

ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_7_94scbppfish_invert_pop.pdf


 xii 

Species Biomass............................................................................................ 77  

Species Distributions...................................................................................... 78  

White Sea Urchin (Lytechinus pictus)............................................................ 78  

California Sea Cucumber (Parastichopus californicus)…………………… 80  

Fragile Sea Urchin (Allocentrotus fragilis).................................................... 80  

Ridgeback Rock Shrimp (Sicyonia ingentis).................................................. 80  

Brokenspine Brittlestar (Ophiura luetkeni)..................................................... 80  

California Heart Urchin (Spatangus californicus)……………………........... 81  

Northern Heart Urchin (Brisaster latifrons).................................................... 81  

Clonal Plumose Anemone (Metridium “senile”)……………………............ 81  

Trailtip Sea Pen (Acanthoptilum sp.)............................................................... 81  

California Sand Star (Astropecten verrilli)...................................................... 81  

Gray Sand Star (Luidia foliolata).................................................................... 82  

Shortkeel Bay Shrimp (Neocrangon zacae).................................................... 82  

Shortspined Sea Star (Pisaster brevispinus)................................................... 82  

Assemblages................................................................................................... 82  

Recurrent Groups............................................................................................ 82  

General Results............................................................................................... 82  

Group 1 (Inner/Middle Shelf Group).............................................................. 83  

Group 2 (Middle Shelf Group) ...................................................................... 84  

Group 3 (Middle/Outer Shelf Group)............................................................. 84  

Group 4 (Submarine Canyon Group).............................................................. 85  

Group 5 (Shelf Break Group).......................................................................... 85  

Group 6 (Outer Shelf Group).......................................................................... 85  

Group 7 (Upper Slope Group)........................................................................ 85  

Site and Species Clusters................................................................................ 85  

Selection of Species........................................................................................ 85  

Site Clusters.................................................................................................... 86  

Species Clusters.............................................................................................. 89  

Comparison of Recurrent Groups and Site/Species Clusters………………. 93  

ASSESSMENT............................................................................................. 97  

Bioaccumulation in Flatfishes ....................................................................... 97  

Extent and Spatial Distribution of Tissue Contamination.............................. 97  

Tissue Contamination Relative to Sediments................................................. 98  

Fish and Invertebrate Anomalies and Parasites............................................. 102  

Fish................................................................................................................ 102  

Occurrence among Species........................................................................... 102  

Spatial Distribution....................................................................................... 103  

Invertebrates................................................................................................. 106  

Functional Organization............................................................................... 106  

Population and Assemblage Biocriteria....................................................... 110  

ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_8_94scbppfish_assessment.pdf


 xiii 

Debris .......................................................................................................... 111  

All Debris..................................................................................................... 111  

Natural Debris.............................................................................................. 112  

Anthropogenic Debris.................................................................................. 113  

DISCUSSION............................................................................................. 117  

Historical Comparison of Populations......................................................... 117  

Fish and Invertebrate Population Attributes................................................ 117  

Southern California Bight............................................................................ 117  

Regional Variability..................................................................................... 118  

Depth Variability.......................................................................................... 120  

Species Composition.................................................................................... 120  

Fish Size (Length) Distribution.................................................................... 121  

Historical Comparison of Assemblages....................................................... 123  

Fishes............................................................................................................ 123  

Recurrent Groups......................................................................................... 123  

Site and Species Clusters.............................................................................. 127  

Invertebrates.................................................................................................. 127  

Recurrent Groups.......................................................................................... 127  

Site and Species Clusters.............................................................................. 128  

Comparison of Recurrent Groups and Site/Species Clusters………..…….. 129  

Historic Comparison of Invertebrate Data.................................................... 129  

General Comparison and Implications.......................................................... 130  

Assessment of Impact.................................................................................... 131  

Bioaccumulation in Flatfishes ...................................................................... 131  

Anomalies..................................................................................................... 134  

POTW-related Variability in Population Attributes.................................... 135  

Site/Species Clusters.................................................................................... 135  

Fishes........................................................................................................... 135  

Invertebrates ............................................................................................... 136  

Functional Organization of Fish Communities........................................... 136  

Population and Assemblage Biocriteria...................................................... 137  

Debris ......................................................................................................... 138  

CONCLUSIONS........................................................................................ 141  

RECOMMENDATIONS........................................................................... 143 

LITERATURE CITED.............................................................................. 147  

APPENDICES  

Appendix A. Materials and Methods  

Appendix B. Logistics and Quality Assurance/Quality Control  

Appendix C. Fish Populations and Assemblages  

Appendix D. Invertebrate Populations and Assemblages  

Appendix E. Assessment  

ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_9_94scbppfish_discussion.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_10_94scbppfish_conclusions.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_11_94scbppfish_recommendations.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_11_94scbppfish_recommendations.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_94scbpp_DemersalFishesAppA.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_94scbpp_DemersalFishesAppB.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_94scbpp_DemersalFishesAppC.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_94scbpp_DemersalFishesAppD.pdf
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/308_94scbpp_DemersalFishesAppE.pdf


 14 

LIST OF FIGURES  

 

1. Distribution of subpopulations for regions, depth zones, and publicly  

owned treatment work (POTW) monitoring areas................................ 3  

2. Population and assemblage study stations sampled by trawl........................ 5  

3. Bioaccumulation study stations sampled by trawl........................................ 5  

4. Foraging guilds of soft-bottom fishes of the mainland shelf of southern  

California (from Allen 1982)................................................................ 17  

5. Functional structure and species composition of soft-bottom fish  

communities of the mainland shelf of southern California  

(modified from Allen 1982).................................................................. 19  

6. Percent area where Pacific sanddab (Citharichthys sordidus), longfin  

sanddab (Citharichthys xanthostigma), and Dover sole (Microstomus  

pacificus) were captured and the percent of each species’ range and  

population represented with bioaccumulation samples......................... 24  

7. Distribution of fish abundance per haul........................................................ 34  

8. Distribution of fish biomass per haul............................................................ 34  

9. Distribution of number of fish species per haul............................................ 36  

10. Distribution of fish diversity (Shannon-Wiener) per haul.......................... 37  

11. Equitability curves of fish occurrence, abundance, and biomass by 

species................................................................................................... 39  

12. Length-frequency distribution of all fish collected by trawl....................... 49  

13. Length-frequency distributions of the 10 most abundant fish species  

collected by trawl.................................................................................. 51  

14. Recurrent groups of demersal fishes........................................................... 53  

15. Bathymetric distribution of demersal fish recurrent groups………............ 54  

16. Summary of two-way table and dendrogram for demersal fish species  

and site clusters...................................................................................... 56  

17. Relationship of demersal fish site clusters to depth..................................... 57  

18. Relationship of demersal fish site clusters to percent of sediment  

type and average median grain size.................................................................. 57  

19. Distribution of demersal fish site clusters................................................... 58  

20. Relationship of demersal fish species clusters with site clusters,  

displayed as the proportion of each species cluster represented in  

a given site cluster................................................................................. 60  

21. Distribution of invertebrate abundance per haul......................................... 70  

22. Distribution of invertebrate biomass per haul............................................. 70  

23. Distribution of number of invertebrate species per haul............................. 72  

24. Distribution of invertebrate diversity (Shannon-Wiener) per haul……….. 73  

25. Equitability curves of invertebrate occurrence, abundance, and biomass  

by species............................................................................................... 74  

26. Recurrent groups of megabenthic invertebrates.......................................... 83  



 15 

27. Bathymetric distribution of megabenthic invertebrate recurrent 

groups.................................................................................................... 84  

28. Summary of two-way table and dendrogram for megabenthic  

invertebrate species and site clusters..................................................... 86  

29. Relationship of megabenthic invertebrate site clusters to depth................. 87  

30. Relationship of megabenthic invertebrate site clusters to percent of  

sediment type and average median grain size....................................... 87  

31. Distribution of megabenthic invertebrate site clusters................................ 88  

32. Relationship of megabenthic invertebrate species clusters with site  

clusters, displayed as the proportion of each species cluster  

represented in a given site cluster.......................................................... 90  

33. Mean total DDT and total PCB levels in Pacific sanddab (Citharichthys  

sordidus), longfin sanddab (Citharichthys xanthostigma), and Dover  

sole (Microstomus pacificus) livers and the percent of each species’  

range and population represented with bioaccumulation samples in  

publicly owned treatment work (POTW) monitoring areas and  

non-POTW areas.................................................................................... 99  

34. Biological-sediment accumulation factors for p,p’-DDE in Pacific  

sanddab (Citharichthys sordidus), longfin sanddab (Citharichthys  

xanthostigma), and Dover sole (Microstomus pacificus) livers…....... 100  

35. Biological-sediment accumulation factors for total PCB in Pacific  

sanddab (Citharichthys sordidus) and longfin sanddab  

(Citharichthys xanthostigma) livers..................................................... 101  

36. Distribution of fish anomalies.................................................................... 105  

37. Distribution of external parasites on demersal fishes................................ 106  

38. Distribution of percent expected foraging guilds of demersal fishes…… 108  

39. Distribution of percent expected dominant species in foraging  

guilds of demersal fishes...................................................................... 108  

40. Comparison of functional organization of demersal fish communities  

on the mainland shelf of southern California in 1994 with that of  

1972-1973 (from Allen 1982) .............................................................. 109  

41. Distribution of fin erosion on the mainland shelf of southern California  

from 1973 to 1994 in demersal fish index calibration data set.............. 111  

42. Percent of area with natural and anthropogenic debris............................... 112  

43. Percent of area of types of anthropogenic debris in middle shelf  

(26-100 m) publicly owned treatment work (POTW) monitoring  

areas and non-POTW areas................................................................... 114  

44. Distribution of debris.................................................................................. 115  



 16 

LIST OF TABLES 

1. Species targeted for bioaccumulation study.................................................... 6  

2. Chlorinated hydrocarbons analyzed from sediments and livers of flatfishes.. 9  

3. Sediment quality guidelines for trace metals and chlorinated hydro-  

carbons (Long et al. 1995)..................................................................... 20  

4. Distribution of sampling effort and success by subpopulation...................... 23  

5. Success at meeting measurement quality objectives..................................... 25  

6. Demersal fish abundance and biomass by subpopulation............................. 32  

7. Results of significance tests of demersal fish population attributes  

 between subpopulations........................................................................ 33  

8. Numbers of demersal fish species and fish diversity by 

 subpopulation........................................................................................ 35  

9. Demersal fish species occurring in 20% or more of the area………........... 40  

10. Demersal fish species comprising 50% or more of the area by  

 subpopulation........................................................................................ 41  

11. Demersal fish species comprising 95% or more of the total fish  

 abundance.............................................................................................. 42  

12. Demersal fish species comprising 80% or more of the fish abundance by 

 subpopulation....................................................................................... 43  

13. Demersal fish species comprising 95% or more of the total fish biomass. 44  

14. Demersal fish species comprising 80% or more of the fish biomass by 

 subpopulation....................................................................................... 45  

15. Demersal fish species with greatest and least lengths............................... 50  

16. Fish species occurring at 50% or more of the stations in site clusters...... 59  

17. Frequency of occurrence of fish species in species clusters and fish  

 site clusters.......................................................................................... 61  

18. Abundance of fish species in species clusters and fish site clusters……. 62  

19. Distribution of recurrent groups in site clusters of demersal fishes…….. 65  

20. Megabenthic invertebrate abundance and biomass by subpopulation...... 68  

21. Results of significance tests of megabenthic invertebrate population  

 attributes between subpopulations...................................................... 69  

22. Numbers of megabenthic invertebrate species and invertebrate  

 diversity by subpopulation................................................................. 71  

23. Megabenthic invertebrate species occurring in 20% or more of the 

area..................................................................................................... 75  

24. Megabenthic invertebrate species comprising 50% or more of the area  

 by subpopulation................................................................................. 76  



 17 

25. Megabenthic invertebrate species comprising 95% or more of the  

total invertebrate abundance........................................................................... 77  

26. Megabenthic invertebrate species comprising 80% or more of the  

invertebrate abundance by subpopulation...................................................... 78  

27. Megabenthic invertebrate species comprising 95% or more of the  

total invertebrate biomass............................................................................... 79  

28. Megabenthic invertebrate species comprising 80% or more of the  

invertebrate biomass by subpopulation........................................................... 79  

29. Megabenthic invertebrate species occurring at 50% or more of the  

stations in site clusters..................................................................................... 89  

30. Frequency of occurrence of megabenthic invertebrate species in  

species clusters and invertebrate site clusters..................................... 92  

31. Abundance of megabenthic invertebrate species in species clusters and  

invertebrate site clusters..................................................................... 94  

32. Distribution of recurrent groups in site clusters of megabenthic 

invertebrates....................................................................................... 95  

33. Mean concentrations of lipids, DDT, and PCB in livers of Pacific  

sanddab (Citharichthys sordidus), longfin sanddab (Citharichthys  

xanthostigma), and Dover sole (Microstomus pacificus) weighted  

by area and fish density...................................................................... 97  

34. Spearman rank correlation coefficients (r
s
) between PCB in  

sediments (normalized by total organic carbon) and liver tissue  

(normalized by lipid content) for Pacific sanddab (Citharichthys  

sordidus) and longfin sanddab (Citharichthys xanthostigma)........... 102  

35. Number of fish by species with different anomaly types.................. 103  

36. Percent area by subpopulation of the occurrences of fish with  

different anomaly types...................................................................... 104  

37. Frequency of occurrence of foraging guilds of fishes....................... 107  

38. Percent of area by subpopulation of debris types.............................. 113  

39. Comparison of demersal fish and megabenthic invertebrate  

population attributes on mainland shelf of southern California in  

historical and 1994 regional survey data........................................... 118  

40. Regional comparison of demersal fish population attributes on the  

mainland shelf of southern California in historical and 1994  

regional survey data........................................................................... 119  

41. Comparison of recurrent groups of demersal fishes on the  



 18 

mainland shelf of southern California in the 1970s and in 1994 ...... 125  

42. Comparison of means of total DDT and total PCB concentrations  

(ug/wet g) in livers of Pacific sanddab (Citharichthys sordidus),  

longfin sanddab (Citharichthys xanthostigma), and Dover sole  

(Microstomus pacificus) in reference areas at various depths on  

the mainland shelf of southern California from 1977 to 1994........... 133  


