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FOREWORD

The Southern California Bight (SCB) is a 100,000-square-mile body of water and submerged
continental shelf and slope that extends from Point Conception, California, in the north to
Cabo Colnett, Baja California, Mexico in the south. This area is a unique and important
ecological and economic resource in southern California that includes diverse habitats for a
broad range of marine life including more than 3,000 species of invertebrates, 500 species of
fish, and many marine mammals and birds.

The coastal region along the SCB is one of the most densely populated coastlines in the U.S.
and the world. The activities of this dense human population stress the coastal marine
environment by introducing pollutants from point and non-point sources, modifying natural
habitats and increasing extraction of natural resources.

Millions of dollars are spent annually to monitor coastal environmental quality in the SCB.
These localized monitoring programs provide important site-specific information about the
impacts of individual waste discharges, but do not assess the condition of the SCB as a
whole. The assessment of environmental quality on a more regional scale provides a context
for localized monitoring that helps environmental regulators and resource managers
understand the relative influence of local and regional factors on the coastal ecosystem.

The 2018 SCB Regional Monitoring Program (Bight *18) is the continuation of an ongoing
effort that provides an integrated assessment of the SCB through cooperative region-scale
monitoring. The 2018 survey represents the joint effort of more than 100 organizations. The
Bight *18 survey is organized into five technical elements: 1. Sediment Quality Assessment;
2. Bioaccumulation of Contaminants in Sport Fish; 3. Ocean Acidification; 4. Harmful Algal
Blooms; and 5. Trash Assessment. This report presents the results of the benthic macrofauna
component of Bight 18, which is a part of the Sediment Quality Assessment element. Other
Sediment Quality Assessment components include sediment toxicity, sediment chemistry, as
well as demersal fish and megabenthic invertebrates. Copies of this and other Bight *18
guidance manuals, data, and reports are available for download at
www.sccwrp.org/Documents/BightDocuments.aspx.

The proper citation for this report is:

Gillett, D.J., W. Enright, and J.B. Walker. 2022. Southern California Bight 2018 Regional
Monitoring Program: VVolume I11. Benthic Infauna. Technical Report 1289. Southern
California Coastal Water Research Project. Costa Mesa, CA.
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EXECUTIVE SUMMARY

One of the central tenets of benthic ecology is that changes in macrobenthic (i.e., those
animals that live in and on the bottom of the ocean) community structure can be used to infer
the overall health and condition of the location where the organisms are collected.
Macrobenthic community structure is a good indicator of ecosystem condition and health
because these animals are directly associated with the sediment where most toxics
accumulate, they have limited mobility to escape stressors, and they display a wide range of
physiological responses and tolerances to different types of stressors. In addition to their use
as ecosystem condition indicators, macrobenthic community composition also provides direct
measures of Estuarine Habitat, Marine Habitat, and Shellfish Harvesting beneficial uses, as
well as indirect or partial measures of a variety of other beneficial uses.

This report presents the results and interpretation of the macrobenthic infaunal component of
the 2018 Southern California Bight Regional Monitoring Program’s Sediment Quality
Assessment element. The primary objectives of this study were to measure the extent and
magnitude of macrobenthic community composition across the Southern California Bight and
to characterize the trends in that condition over the last 20 years (1998-2018).

Samples of benthic macrofauna were successfully collected at 376 sites across the Southern
California Bight, ranging from Point Conception in the north to the US-Mexico border in the
south using a random tessellation stratified design. Samples were allocated across 11
different strata: 5 in enclosed embayments, 4 on the continental shelf, and 2 on the
continental slope. Approximately a third of those sites (145) were revisits of sites that had
previously been sampled in 2013, 2008, and either 2003 or 1998. Samples were collected
with a 0.1-m? Van Veen grab, sieved on a 1-mm screen, and then preserved for identification.
Specimens from each sample were sorted from the detritus and identified to the lowest
possible taxonomic level, typically species.

All data passed Quality Assurance/Quality Control Data Quality Objectives set for sorting
accuracy (95%), taxonomic identification accuracy (90%), and taxonomic discrimination
(90%), and counting accuracy (90%). Sorting accuracy was 97.4% across all samples, with a
minimum number of corrective actions needed. The taxonomy labs averaged 93.7% accuracy
of identification, 97.0% precision in taxonomic discrimination, and 98.2% accuracy in
counting.

Macrobenthic community composition was assessed for the continental shelf portions of the
Southern California Bight (6-200 m deep) and embayments. These areas represent
approximately 36% of the total area of the Southern California Bight. The Benthic Response
Index (BRI) (Smith et al. 2001) was used to assess samples from the continental shelf, the
California Sediment Quality Objectives Benthic Line of Evidence (SQO BLOE) (Ranasinghe
et al. 2009; Bay et al. 2021) framework was used for samples from embayments with salinity
greater than 27 PSU (practical salinity units), and the US version of the Multivariate AZTI
Marine Biotic Index (M-AMBI) (Pelletier et al. 2018; Gillett et al. 2019) was used for
brackish estuaries (salinity less than 27 PSU). Each of these indices had four condition
categories, but for simpler interpretation this gradient in condition was condensed into two



categories: good condition (reference + low disturbance conditions) and poor condition
(moderate disturbance + high disturbance conditions).

Benthic macrofaunal composition indicated that the majority of the Southern California Bight
was doing well in 2018. More than 99% of the assessable portions of the region were in good
condition (89.1% reference condition + 10.1% low disturbance condition) and less than 1%
were in poor condition. However, macrobenthic community conditions were not uniform
across the regions. The embayment strata were in relatively poorer condition compared to the
rest of the region with over 29.7% of the embayment area in moderate (20.3%) or high
disturbance (9.4%). In contrast, the continental shelf strata were in relatively better condition
with no portions of the strata in the moderate or high disturbance condition.

The vast majority of the Bight macrobenthic community composition was in good condition
in 2018, and the trend in habitat condition from 1998-2018 was relatively stable at both the
regional (~80%) and stratum-scale (60-80%). The change in the amount of reference to low
disturbance condition areas in 2013 compared to previous surveys was not apparent in 2018,
where the percent area distribution in 2018 was similar to that of 1998-2008. As a whole, the
assessable portions of the Southern California Bight were in proportionally better condition in
2018 than in 2013. In 2013, both the multi-survey and site-revisit approaches to
characterizing temporal trends indicated that the most notable reductions were located in the
Channel Islands stratum. Detailed analysis of the Channel Islands stratum data from Bight’18
and previous surveys, as well as regional water quality and water chemistry data, suggest that
the change in benthic community condition observed in 2013 may have been a combination
of natural biological variation and increased influence of deep basin waters (colder, less
oxygenated, and more acidic) within the stratum.

Vi
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Figure 35. Schematic boxplots of water quality metrics from CalCOFI water quality data
during the Bight'98, '03, '08, 13, and '18 surveys. Letters indicate significantly (a=0.1)
similar/different values between years based upon Tukey’s multiple comparisons of an
ANOVA. All measures are bottom water measurements. This figure is the same as Figure 18
iN the Main DoAY Of the FEPOIT. ........iiiiiiiiii e 11

Figure 36. Schematic boxplots of ocean acidification metrics modeled from CalCOFI water
quality data during the Bight’98, '03, '08, '13, and '18 surveys. Letters indicate significantly
(a=0.1) similar/different values between years based upon Tukey’s multiple comparisons of
an ANOVA. Values were modeled from CalCOFI bottle data closest to the location and
depth of the benthic samples. Higher values of aragonite saturation, calcite saturation, and
pH are, in general, less stressful to marine organisms. Higher pCO2 values are, in general,
more stressful. This figure is the same as Figure 17 in the main body of the report............. 12

Figure 37. Temporal trends in BRI scores among Estuaries stratum revisit sites. Each trend
is categorized as being indicative of Improving condition, Stable condition, or Declining
condition. The black line represents a least-squares regression of the 3 or 4 samples from
each site. The red-dashed line represents the threshold between the Reference and Low
Impact condition categories. Note that lower BRI scores represent less disturbed conditions.

Figure 38. Temporal trends in BRI scores among the Marinas stratum revisit sites. Each
trend is categorized as being indicative of Improving condition, Stable condition, or Declining
condition. The black line represents a least-squares regression of the 3 or 4 samples from
each site. The red-dashed line represents the threshold between the Reference and Low
Impact condition categories. Note that lower BRI scores represent less disturbed conditions.

Figure 39. Temporal trends in BRI scores among Ports stratum revisit sites. Each trend is
categorized as being indicative of Improving condition, Stable condition, or Declining
condition. The black line represents a least-squares regression of the 3 or 4 samples from
each site. The red-dashed line represents the threshold between the Reference and Low
Impact condition categories. Note that lower BRI scores represent less disturbed conditions.

Figure 40. Temporal trends in BRI scores among Bays stratum revisit sites. Each trend is
categorized as being indicative of Improving condition, Stable condition, or Declining
condition. The black line represents a least-squares regression of the 3 or 4 samples from
each site. The red-dashed line represents the threshold between the Reference and Low
Impact condition categories. Note that lower BRI scores represent less disturbed conditions.

Figure 41. Temporal trends in BRI scores among Inner Shelf stratum revisit sites. Each trend
is categorized as being indicative of Improving condition, Stable condition, or Declining
condition. The black line represents a least-squares regression of the 3 or 4 samples from
each site. The red-dashed line represents the threshold between the Reference and Low
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Impact condition categories. Note that lower BRI scores represent less disturbed conditions.

Figure 42. Temporal trends in BRI scores among Mid Shelf stratum revisit sites. Each trend
is categorized as being indicative of Improving condition, Stable condition, or Declining
condition. The black line represents a least-squares regression of the 3 or 4 samples from
each site. The red-dashed line represents the threshold between the Reference and Low
Impact condition categories. Note that lower BRI scores represent less disturbed conditions.

Figure 43. Temporal trends in BRI scores among Outer Shelf stratum revisit sites. Each
trend is categorized as being indicative of Improving condition, Stable condition, or Declining
condition. The black line represents a least-squares regression of the 3 or 4 samples from
each site. The red-dashed line represents the threshold between the Reference and Low
Impact condition categories. Note that lower BRI scores represent less disturbed conditions.

Figure 44. Temporal trends in BRI scores among Channel Islands stratum revisit sites. Each
trend is categorized as being indicative of Improving condition, Stable condition, or Declining
condition. The black line represents a least-squares regression of the 3 or 4 samples from
each site. The red-dashed line represents the threshold between the Reference and Low
Impact condition categories. Note that lower BRI scores represent less disturbed conditions.
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l. INTRODUCTION

Benthic macrofauna are useful indicators of the condition of marine and estuarine habitat
because the community composition changes in a relatively predictable fashion when
disturbed (e.g., Pearson and Rosenberg 1978; Rhodes et al. 1978; Gray et al. 2002). This
predictability is because most benthic macrofaunal communities include a taxonomically
diverse mixture of organisms spanning multiple phyla, with which comes a wide range of
physiological responses to stress. Benthic macrofauna also serve as good integrators of their
local environmental conditions, as they live directly in the sediment where many toxins
accumulate, they have limited mobility, and many species live for multiple years.

Because of these traits, benthic macrofauna are one of the most commonly used elements of
bioassessment programs in the coastal ocean and estuaries across the US (e.g., Dauer et al.
2012; USEPA 2012; Llans6 et al. 2015; Schiff et al. 2016) and the world (e.g., Van Hoey et
al. 2010). Despite their utility as indicators, changes in macrobenthic community structure in
response to stress can be complex and difficult to communicate to non-specialists. One of the
most common approaches to synthesize this complex information is the creation of biotic
indices that distill complex community information into a relatively simple scale of condition
that can easily be understood by resource managers, environmental policy makers, and the
general public (e.g., Karr 1991; Diaz et al. 2004; O’Brien et al. 2016).

The use of benthic macrofauna in the regional monitoring programs of Southern California’s
coastal oceans has become more robust since the early regional surveys prior to 1990 (Setty
et al. 2010). The present survey (Bight’18) marks the sixth monitoring survey of the Southern
California Bight, beginning with a pilot study in 1994 (Bergen et al. 1998, 2000) and
expanding in spatial and technical scope in each subsequent survey from 1998 (Ranasinghe et
al. 2003), to 2003 (Ranasinghe et al. 2007), to 2008 (Ranasinghe et al. 2012, Schiff et al.
2016), and to 2013 (Gillett et al. 2017). The modern Southern California Bight regional
surveys have been designed not only to characterize biological assemblages and to quantify
regional reference condition, but also to assess the spatial extent and magnitude of impact to
benthic habitats. This design provides an opportunity to evaluate cumulative effects from
multiple point source and non-point source discharges, as well as basin-scale forcing factors.
In addition, regional monitoring surveys have improved benthic macrofaunal condition
assessments by creating taxonomic standardization across the region (Southern California
Association of Marine Invertebrate Taxonomists 2018), developing assessment tools (Smith
et al. 2001; Ranasinghe et al. 2009), and evaluating new habitats (Ranasinghe et al. 2007;
Ranasinghe et al. 2012; Gillett et al. 2021).

The objectives of the Southern California Bight 2018 Regional Macrobenthic Community
Monitoring are to:

1. Present a characterization of the macrobenthic communities found in the different
soft-sediment habitats of the Southern California Bight.



2. Provide spatial estimates of habitat condition for the continental shelf and
embayments of the Southern California Bight in 2018 based upon macrobenthic
community composition.

3. Present the temporal trend in condition across the continental shelf and embayment of
the Southern California Bight from 1998 to 2018.

The report is organized into 8 chapters and 7 appendices. Chapter 1 is the introduction and
provides background to the . Chapter 2 describes the study design and the field, laboratory,
and data analysis methods. Chapter 3 presents the quality assurance procedures that ensured
comparability of data produced by participating organizations and the results of quality
control audits measuring their success. Chapter 4 presents the results of the macrobenthic
community characterization and habitat condition assessment analyses. The results are
discussed in Chapter 5. Chapters 6 and 7 present the conclusions and recommendations,
respectively. Chapter 8 lists the literature cited.

Appendix A contains summaries of the taxa collected in each stratum (total abundance,
relative abundance, frequency of occurrence). Appendix B contains the detailed similarity
percentage (SIMPER) outputs for each stratum and assemblage. Appendix C contains details
of analyses looking into the applicability of the Benthic Response Index (BRI) to the Upper
Slope stratum. Appendix D contains a detailed investigation of potential causes behind the
decline of conditions within the Channel Islands stratum in 2013 and their subsequent
recovery in 2018. Appendix E is a copy of a published manuscript on the condition of
sediments surrounding four oil & gas platforms in the Santa Barbera Channel in 2018.
Appendix F presents the details of % area calculations for the condition of each stratum in
2018, the condition of each stratum from each Bight Survey, and the areal extent of
improving/stable/declining trends in condition at revisit sites. Appendix G contains graphs of
the temporal trend in condition at each of the revisit sites.



Il. METHODS
Study Design

The survey area for the 2018 Southern California Bight Regional Monitoring Program
(Bight’18) spanned from Point Conception, CA in the north to the US-Mexico border in the
south and from the mainland coastal embayments west to the Channel Islands (Figure 1). The
soft sediment portions of this region less than 1,000 m deep were divided into eleven strata
based upon known biogeographic breaks in community composition (e.g., estuaries or deep
continental shelf) or area of different regulatory/management interest (e.g., ports or
continental slope) (Table 1). For the 2018 survey, a new stratum — Brackish Estuaries — was
established for estuarine waters less than 27 PSU salinity.
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Figure 1. A map of the Southern California Bight delineating the 11 sample strata used in the
survey. Insets show the details of: A) The harbors of Long Beach/Los Angeles and San Pedro
Bay, B) Newport Bay, and C) San Diego Bay.



Table 1. Sample strata for the 2018 survey including total area of each stratum, the percent
that stratum represents of the whole region, the number of probabilistic benthic stations
assigned within each stratum, the number of revisit stations, and the range of depth at which
those stations were located. § indicates strata for which no condition assessment tool was
available for some or all of these stations.

0,
Habitat Stratum Area (km?) % Area of Number of Number of Depth Range

Region Stations Revisits (m)
Estuaries 11.6 0.07 45 11 0-13
Estuaries :
Brackish 46 0.03 12 0 0-2
Estuaries
Marinas 13.2 0.08 44 15 3-22
Bays Ports 26.8 0.16 56 15 4-28
Bays 70.3 0.42 43 15 2-25
Inner Shelf 1,172.5 7.03 36 15 7-30
) Mid Shelf 2,019.8 12.11 36 14 30-87
Continental
Shelf Outer Shelf 605.5 3.63 31 15 124-199
Channel Islands 2,084.4 12.5 15 15 16-142
§ B
Continental Upper Slope 3,130.6 18.77 31 15 211-485
Slope Lower Slope®  7,536.0 45.19 27 15 522-902

Across these eleven strata, 376 sites were allocated via a stratified, random tessellated design
(e.g., Stevens and Olsen 2003, 2004; Olsen and Peck 2008). The random allocation process
allows for an even distribution of sites among strata and the assignment of area weights for
each site. The area weights can then be used for calculating unbiased areal assessments of
condition in the survey area (Bergen 1996; Stevens 1997).

Among the 376 probabilistic sites assigned in the survey, 145 of those were revisit sites that
had previously been sampled as part of the Southern California Bight Regional Monitoring
Program in either 1998 or 2003, 2008, and 2013 (Table 1). Revisit sites provide an
opportunity to assess the temporal trend in habitat condition independent of the spatial
variation inherent in using data from multiple random surveys for temporal trends analysis
(Urquhart and Kincaid 1999; Larsen et al. 2001).

Sample Processing

Sediment samples for benthic macrofauna analysis were collected from July 1 to September
28, 2018. Benthic samples from each site were collected and processed following the
Southern California Bight Regional Monitoring Survey Field Operations Manual (B’18 Field
Sampling and Logistics Committee 2018) and Macrobenthic Sample Analysis Laboratory
Manual (B’18 Benthic Committee 2018). In short, sediments from all strata except Brackish
Estuaries were collected with a 0.1-m? Van Veen grab and sieved on a 1-mm screen.
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Sediments from the Brackish Estuaries stratum were collected with either two 10.1 cm
interior diameter cores combined together or with a 0.1-m? Van Veen grab and sieved on a 1-
mm screen. Material retained on the screen was placed in a chemical relaxant solution and
then fixed with 10% buffered formalin. Samples were rinsed and transferred from formalin to
70% ethanol 2-5 days after collection. Samples were subsequently distributed among twelve
laboratories for sorting, identification, and enumeration of the fauna. QA/QC protocols and
data quality objectives for sample sorting, identification, and enumeration are detailed in the
Macrobenthic Sample Analysis Laboratory Manual (B’18 Benthic Committee 2018) and in
Chapter 3.

Data Analysis

Macrobenthic community composition among the different strata was evaluated using non-
metric Multi-Dimensional Scaling (nMDS) ordination of Bray-Curtis similarity values
calculated from square root transformed abundance of all samples. After the ordination,
natural environmental factors (sediment composition, water depth, latitude, and longitude)
and species abundance were correlated to the ordination plot pattern to provide insight into
any distribution patterns of samples observed in the ordination (e.g., Gibson et al. 2013).
Characteristic species contributing to within-group similarity and distinguishing taxa
accounting for the mean Bray-Curtis dissimilarity between sample groupings illustrated in the
nMDS were characterized using similarity percentage (SIMPER) analysis (Clarke et al. 2008;
Warton et al. 2012). Community analyses were done with the metaMDS (similarity and
ordination) and envFit (species and environmental factor correlations) programs within the R
Vegan package (Oksanen et al. 2022 [R version 4.0.2]) or Primer v7 (SIMPER analysis)
(Clarke et al. 2014).

Habitat condition based upon macrobenthic community composition was assessed using the
Southern California Benthic Response Index (BRI) (Smith et al. 2001), the California
Sediment Quality Objectives Benthic Line of Evidence tool (SQO BLOE) (Ranasinghe et al.
2009; Bay et al. 2021), or the US version of the Multivariate AZTI Marine Biotic Index (M-
AMBI) (Pelletier et al. 2018; Gillett et al. 2019) depending upon the applicable habitat. The
BRI is an abundance-weighted tolerance value index (Appendix J) that, within the Southern
California Bight Monitoring Program, is applied to samples collected from the continental
shelf of the Southern California Bight in 6 — 200 m of water (e.g., Ranasinghe et al. 2003,
2007, 2012). The index scores a sample from 0-100 (good to bad condition), which can then
be separated into four condition categories (Table 2). The four condition categories are
defined as: Reference — the condition at which natural benthic assemblages occur; Low
Disturbance — marginal deviation, wherein there are changes in the relative abundance of
taxa, but not yet species replacement; Moderate Disturbance — loss of biodiversity wherein
25% of the taxa in the reference condition would not be expected to occur; High Disturbance
— loss in community function and defaunation wherein expected major taxonomic groups are
absent.



Table 2. Definition of condition categories used in the assessment framework for offshore and
embayment habitats used in the 2018 survey. § - Modified M-AMBI Categories from Gillett et al.
(2019)

Summary Benthic Benthic Condition Level for BRI Condition SQO BLOE M-AMBI Condition
Condition Level Bight Program Category Condition Category Category?®
Reference Reference Reference Reference
Good

Marginal

. Low Disturbance Low Disturbance
Disturbance

Low Disturbance

Moderate Disturbance Biodiversity Loss M_oderate M_oderate
Disturbance Disturbance
Poor Community
High Disturbance Function Loss or High Disturbance High Disturbance
Defaunation

The SQO BLOE is a combination of four indices: two multi-metric indices (Index of Biotic
Integrity [IBI] and Relative Benthic Index [RBI]), a BRI abundance weighted tolerance
index, and an Observed:Expected (O:E) index. The SQO BLOE is applicable to the soft,
unvegetated sediments of Southern California Embayments with overlying waters of 27 PSU
or greater (Ranasinghe et al. 2009; Bay et al. 2021) (Appendix K). The four SQO BLOE are
scored and integrated into four condition categories functionally equivalent to those of the
Smith et al. (2001) BRI (Ranasinghe et al. 2012) (Table 2). Following Ranasinghe et al.
(2009), the four condition categories can be defined as: Reference — a community that would
occur at a reference site; Low Disturbance — a community that exhibits some indication of
stress but might be within the measurement variability of reference condition; Moderate
Disturbance — a community that exhibits clear evidence of physical, chemical, natural, or
anthropogenic stress; High Disturbance —a community exhibiting a high magnitude of stress.

The M-AMBI of Pelletier et al. (2018) is an index that uses a combination of species
diversity, species richness, abundance-weighted pollution tolerance score (AMBI of Gillett et
al. 2015) and the relative abundance of oligochaetes. The M-AMBI is applicable in all soft
sediment estuarine habitats of California from tidal freshwater to euhaline salinities.
Following Gillett et al.’s (2019) modifications of M-AMBI thresholds for better integration
into California’s Sediment Quality Objectives framework, the four condition categories
correspond to those of the SQO BLOE indices noted above.

The goal of this report, and the Bight Monitoring Program in general, was to assess condition
at a regional scale. To that end, the condition results have been framed as proportions of the
region’s area instead of proportions of individual sites. The areal extent of habitat condition
expressed as the proportional amount of each condition category within a stratum was
calculated using the area weights assigned to each site. As the area weights were calculated
within a stratified probabilistic sampling design, percent area estimates can be calculated
without bias from the different sizes of the sample strata. Furthermore, samples can be
aggregated within or across different strata. Estimates were calculated using the Horvitz-
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Thompson ratio estimator (Horvitz and Thompson 1952) in lieu of a stratified mean because
an unknown fraction of each stratum cannot be sampled (e.g., hard bottom). Confidence
intervals (95%) for the estimates were calculated using a local neighborhood estimator that
takes into account the spatial proximity of samples to each other when calculating the
population variance (e.g., Diaz-Ramos et al. 1996). All calculations were made with the
cat.estimate function of the R spSurvey package (Kincaid 2015 [R version 4.0.2]).

Table 3. Number of probabilistic stations sampled within each stratum during each Southern
California Bight Survey from 1998-2018. § indicates strata for which no condition assessment
tool was available for some or all of these stations.

Habitat Stratum 1998 2003 2008 2013 2018
Estuaries Estuaries 0 39 64 41 45
couaes  © 0 0 0 12

Bays Marinas 10 32 44 34 44

Ports 39 9 46 30 56

Bays 34 18 38 31 43

Continental Shelf Inner Shelf 64 45 31 31 36
Mid Shelf 85 73 32 30 36

Outer Shelf 0 24 28 29 31

Channel Islands 51 32 30 15 15

Continental Slope  Upper Slope® 0 8 34 41 31
Lower Slope® 0 0 35 21 27

Survey Totals 280 280 382 303 376

Temporal trends in habitat condition of the assessable portions of the Southern California
Bight were calculated with two complementary techniques: a multi-survey approach and a
revisit-site approach. The multi-survey approach is a higher-level approach to temporal
analysis that focused on the proportional change in each of the condition categories across the
whole of the survey area through time (Table 3). This analysis entailed a visual inspection of
the areal extent estimates of each condition category (+/- the local neighborhood-based
confidence intervals) within each stratum from 1998 — 2018. Trends were characterized by
survey-to-survey increases or decreases in the area of a given condition class. However,
because a large number of these sites were randomly selected within the stratum for each
survey the observed differences represented a mix of both spatial and temporal variability.

The revisit sites approach complemented the multi-survey approach by providing a more
granular measure of condition change focusing solely on temporal variance. This approach
measured the trend in BRI scores* at 114 of the 145 revisit sites, which were sampled either

! Smith et al. (2001) BRI for continental shelf sites or Ranasinghe et al. (2009) SQO BLOE BRI for embayment sites
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three or four times: in 2018, 2013, 2008, and either 2003 or 1998. Simple linear regression
was used to model the trend in BRI scores along the (typically) four data points for each site
(Appendix G). All linear regressions were done with R (version 4.0.2). The slope and 95%
confidence intervals (Cl) of the trend line at each site was obtained from the linear regression
model and used to characterize the trend at that site (e.g., Llansd et al. 2015) using the
following guidelines.

1. If slope + 95% CI < 0, then the trend was characterized as improving
2. If slope + 95% CI > 0, then the trend was characterized as stable

3. If slope — 95% CI < 0, then the trend was characterized as stable

4. If slope — 95% CI > 0, then the trend was characterized as declining

As each site had an area weight, the percent area with improving, declining, or stable trends
was estimated using the cat.estimate function in the R spSurvey package as noted above
(Kincaid 2015 [R version 4.0.2]). This approach used a relatively low data density per
stratum (Table 1), but because the station location was held constant, most of the change in
BRI score can be attributed to temporal variance (Urquhart and Kincaid 1999; Olsen et al.
1999).

Additional Analyses

Beyond the central questions related to the extent of condition, temporal trends in condition,
and community composition, three additional analyses centered on the region’s macrobenthic
communities were investigated: 1. An exploration of the appropriateness and performance of
the BRI of Smith et al. (2001) within the Upper Slope stratum; 2. An analysis of the potential
causes of lower benthic condition scores within the Channel Islands stratum in 2013
compared to previous surveys and in the context of 2018 results; and 3. An analysis of the
condition of continental shelf sediments surrounding four oil and gas platforms in the Santa
Barbara Channel.

BRI on the Upper Slope - Historically, the Bight Program has not assessed the condition of
the Upper or Lower Slope habitats of the region due to the lack of a validated benthic index.
In shallower habitats along the continental shelf, the Bight Program has used the BRI of
Smith et al. (2001) to assess the condition of benthic habitat using infaunal community
composition. Previous Bight Benthic Reports have highlighted the need to develop an
approach for assessing the condition of the continental slope habitat of the region (Gillett et
al. 2017). As part of a study characterizing the region’s continental slope fauna, a historical
analysis of benthic samples from these habitats suggested that the BRI could potentially be
applied to samples from continental slope habitats to depths up to 400 m (Gillett et al. 2021).

Following Gillett et al. (2021), the suitability of the BRI for use with samples from the Upper
Slope stratum was evaluated by determining the number of taxa and the percent of abundance
that was recognized by the BRI (i.e., taxa with p-code tolerance values) compared to those of
the Inner Shelf, Mid Shelf, Outer Shelf, and Channel Islands strata where the BRI is
commonly used. Comparisons between strata were quantified using a Kruskal-Wallis test and
Dunn post-hoc comparisons, with stratum as the predictor variable and either % of taxa with
a p-code or % of abundance with a p-code as the response variable. Furthermore, the
responsiveness of the BRI in different habitats was evaluated by comparing BRI scores from
8



the Upper Slope and shelf strata to two measures of organic matter enrichment (Total
Nitrogen (TN) and Total Organic Carbon (TOC)) and two measures of toxic contaminants
within the sediments. Contaminants were quantified as the number of compounds in excess of
their Chemical Stressor Index (CSI) Level 1 (Bay et al. 2021) or Effects Range Low (ERL)
(Long et al. 1995) impact thresholds. Comparisons were made using least-squares linear
regression with BRI score as the response variable and contaminant/organic matter measure
as predictor variable (0=0.1). Kruskal-Wallis tests were calculated using the kruskal.test
function in R (v4.2.0) and the dunnTest function within the FSA package (v0.9.3) (Ogle et al.
2022). Regressions were calculated using the glm function (gaussian error distribution) in R
(v4.2.0).

Investigation of Channel Islands 2013 Condition - One of the key findings from the 2013
Bight Survey was a notable difference in the condition scores and categories of the
macrobenthic community from the Channel Islands compared to previous surveys (Gillett et
al. 2017). As noted below, the condition of the stratum in 2018 returned to being in 100%
reference condition, as it had been in surveys prior to 2013. This pattern warranted further
investigation to determine the cause of these changes in benthic communities.

BRI scores from the Channel Islands stratum in 2013 were compared to those from 2003,
2008, and 2018 using an ANOVA with BRI score as the response and year of collection as
the predictor variable and post-hoc contrasts (0¢=0.1). BRI categories from 2013 were
compared to those from 2003, 2008, and 2018 using a Fischer’s Exact Chi-square test with
condition category as the response and year of collection as the predictor variable and holm-
adjusted post-hoc contrasts (0¢=0.1). The coverage of the BRI index across the Channel
Islands samples from 2013 and other Bight Surveys was evaluated using a beta regression of
either % taxa or % of abundance within a sample with assigned BRI tolerance values (i.e., a
p-code), with coverage as the response variable and year of collection as the predictor
variable (0=0.1). ANOVA and Fischer’s tests were done using R (v4.1.1) and the beta
regressions were done with the betareg package (v3.1-4) (Cribari-Neto and Zeileis 2010).

Differences in taxonomic composition of the 2013 Channel Islands samples were compared
to those of samples from 2003, 2008, and 2018 visually using nMDS ordination of presence-
absence transformed data. Taxonomic differences were quantitatively compared using a
PERMANOVA with Bray-Curtis dissimilarities calculated with presence-absence
transformed data as the response variable and year of collection as the predictor variable
across 1,000 permutations (¢=0.1). Ordinations and PERMANOVA analyses were done
using the MetaMDS and adonis2 functions within the R (v4.1.1) vegan package (v2.6-2)
(Oksanen et al. 2022). Presence-absence transformations were selected to emphasize potential
compositional changes in communities between surveys that may be obscured in similarities
calculated from abundance data.

To quantify any potential causes for shifts in benthic community condition, the distribution of
sediment chemistry (metals, PAHs, PCBs, and DDTSs), sediment grainsize, water quality
(bottom water temperature, dissolved oxygen, and salinity), and modelled measures of ocean
acidification (pH, aragonite saturation, calcite saturation, and pCQO2) at the Channel Islands
stratum were compared among the different Bight Surveys. Sediment chemistry and grainsize
data were obtained from the 2003, 2008, and 2018 Bight Surveys. Water quality data from
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2003, 2008, 2013, and 2018 were obtained from CalCOFI bottle samples collected near
(within 37 km) and at the same depth (+/- 6m) as the benthic samples (following Gillett et al.
in review). Acidification variables were calculated using linear regression models applied to
CalCOFI water quality data (e.g., McClatchie et al. 2016). Year-to-year comparisons of all
potential stressors/forcing factors (except sediment grainsize) were quantified using GLMs
with either Gaussian or gamma distributions to accommodate non-normal distributions with
Tukey post-hoc comparisons (a=0.1), where the different stressors or environmental factors
were the response variable and year of survey was the predictor variable. Sediment grainsize
was compared with a Kruskal-Wallis test with Dunn post-hoc comparisons (0=0.1), with %
sand, silt, or clay as the response variable and year of collection as the predictor variable.
Kruskal-Wallis tests and GLMs were quantified using R (v4.1.1). Dunn post-hoc tests were
calculated using the dunnTest function within the FSA package (v0.9.3) (Ogle et al. 2022) in
R.

Sediment condition around oil and gas platforms - The continental shelf of the Southern
California Bight is an important location for the extraction of petroleum and natural gas.
There are 15 extraction platforms within the Santa Barbara Channel, most of which have
been operating for more than four decades. The older platforms are being targeted for
decommissioning and an assessment of the benthic habitat around the platforms is important
information for managers and regulators. During the Bight *18 Survey, the condition of
sediments surrounding the A, B, C, and Hillhouse oil/gas platforms was assessed with
measures of macrobenthic fauna, toxicity, and chemical composition and compared to that of
Mid Shelf Strata samples from Bight 13 (due to time constraints, 2013 data were the best
available for regional comparisons at the time).

Macrobenthic communities were quantified and characterized using univariate and
multivariate comparisons of taxonomic composition, while habitat condition was assessed
from these data using the BRI. Sediment chemistry was quantified by measurements of
individual compounds (metals, PCBs, PAHSs, and pesticides) and habitat condition was
assessed from the chemical concentrations via potential exposure scores using the California
Chemical Score Index (CSI [Bay et al. 2021]). Sediment toxicity was evaluated using a 10-
day amphipod survival test (USEPA 1994; ASTM 2010) and habitat condition was
interpreted from these data with the California Sediment Quality Objectives (SQOs)
framework (Bay et al. 2021). Specific analytical details can be found in the published
manuscript included as Appendix E.
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1. QUALITY ASSURANCE AND QUALITY CONTROL

The field and laboratory analysis of benthic samples for Bight’18 involved three processes:
sample washing and preservation, sample sorting, and organism identification and
enumeration. Quality assurance in the form of procedures and standardized reporting
requirements are provided in this document for the latter two processes. Empirical quality
control measurements were implemented at stages for which Data Quality Objectives
(DQOs) had been established during the design of the survey (i.e., sample sorting, taxonomic
identification and enumeration). The quality control practices were designed to ensure high
quality data to inform subsequent analyses (e.g., condition assessment, community
characterization) and ensure comparability of data produced by different benthic laboratories
and even different surveys. The following sections provided summaries of the DQO for each
task, a description of the QA/QC exercise, and the results of the different labs participating in
this survey. Full details of the QA/QC exercises, example forms, etc. can be found in the
Bight’18 Macrobenthic Sample Analysis Laboratory Manual (Bight ’18 Benthic Committee
2018).

Sample Sorting

The objective of the sorting procedure was to remove the organisms from the associated
sediment and detritus of a sample. For the 2018 survey, a DQO of 95% sorting efficiency
(i.e., aminimum of 95% of the total number of organisms in a sample had to be removed)
was established. A minimum of 10% of all material in Bight *18 samples was re-sorted to
monitor sorter performance and to determine efficiency. Sorting efficiency was assessed
following the aliquot method, wherein a representative aliquot of at least 10% of the sample
volume of every sample processed was re-sorted by an experienced sorter different than the
original sorter.

Sorting efficiency was calculated as follows:
%Efficiency = 100 * {#original / [#original + (#resort / aliquot fraction)]}

Sorting efficiencies below 95% required continuous monitoring (i.e., 100% re-sorting) of that
sorter until efficiency was improved. Organisms found in the re-sort were included in sample
identification and enumeration. Average efficiency across all samples was 97.4%, meeting
the DQO (Table 4).
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Table 4. Summary of sorting QA/QC results. Average sorting accuracy is presented for each
participating lab and across the dataset as a whole. Note that sorting QA/QC data were not
provided for 63 samples.

Lab  # of Samples Method % Efficiency

A 73 1 99.3
B 45 1,2 96.5
c 18 1,2 90.6
D 11 2 89.6
E 83 1 98.2
F 69 1 98.6
G 14 1,2 96.8
Totals 313* Dataset Mean = 97.4

Sorting QC Methods:
1 - Aliquot recheck

2 - 100% recheck

Identification and Enumeration

The objective of the identification and enumeration procedures was to accurately identify and
count each organism in the sample. For the 2018 survey, three QA/QC measures related to
identification and enumeration — each with a DQO of 90% — were used to evaluate
performance as accuracy in identification, precision in taxonomic discrimination, and
accuracy in counting. A minimum of 10% of each identification laboratory’s samples were
re-identified by a QC laboratory to assess the quality of the identification and enumeration
process. Samples for re-identification were randomly selected a priori from each lab's
assigned set of samples by the Bight *18 Benthic Committee Chairperson and provided to the
QC laboratories after the initial identification. The taxonomists conducting the re-
identification did not have access to the original results.

Upon completion of the re-analysis, the results were submitted to SCCWRP and a match/not
match comparison of primary and secondary results was produced for the reconciliation
process. The original taxonomists and the re-identification taxonomists for a given sample
then met to reconcile any differences between the original data and those from the QC
reanalysis. Once differences in identification and enumeration were reconciled, the number
and types of discrepancies/errors (Table 5) were recorded. These results were then used to
calculate the % error of the original laboratory's analysis.

Identification Accuracy = [1 — (# Individuals Mis-ID 'd / # Individuals Resolved)] *100
Taxa Discriminated = {1 — [ |(# Taxa Resolved — # Taxa Original)| / # Taxa Resolved]} *100

Count Accuracy = {1 — [ |(# Individuals Original - #Individuals Resolved)| / # Individuals
Resolved]} *100
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Table 5. Potential taxonomic identification & enumeration errors the QA/QC process is
designed to detect and the prescribed remedial actions. The True Errors are those directly
measured by the three taxonomic QA/QC equations. A TRC (Taxonomic Request for Change)
is an update of taxonomic information in the species look up list to match the most currently
accepted naming standard.

Error type
Resolution codes: (* requires data Action
change)
1 = Primary taxonomist misidentification True* TRC, Training
3 = Primary taxonomist miscount True* TRC, Review best practices
7 = Primary naming convention discrepancy True* TRC, Review best practices
2 = QC taxonomist misidentification True Training
4 = QC taxonomist miscount True Review best practices
8 = QC naming convention discrepancy True Review best practices
5 = Primary taxonomist data entry error Random* Review best practices
11 = organism added from another vial Random* Review best practices
6 = QC taxonomist data entry error Random Review best practices
12 = organism lost Random Review best practices
13 = specimen vouchered Non-Error Data Tracking
e e g D oo o Actr
9 = Primary variation in level of expertise Non-Error Training
10 = QC variation in level of expertise Non-Error Training

Across all of the samples, the average accuracy in identification was 93.7%, average
precision in taxonomic discrimination was 97.0%, and average accuracy of counting was
98.2% (Table 6); all of which passed the 90% DQO. Table 7 presents a summary of the
number and types of taxonomic errors identified during the QA/QC process. Across the
dataset, most of the errors in the initial identifications (~7 — 11% of unique taxa records) were
either misidentifications (183) or miscounts (247) — both true errors — or lost individuals
(180) — a random error.
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Table 6. Taxonomic QA/QC results for the random 10% of samples selected from each lab
participating in the 2018 survey. Each lab’s mean values, as well as the mean for the entire
dataset are presented for each QC measure.

Lab Accqr_acy_of I_Drec_isi_on (_)f Accuracy of
Identification Discrimination Count
A 90.9 95.9 99.5
B 98.0 99.2 99.0
Cc 97.2 95.6 98.3
D 91.3 98.3 93.3
E 99.4 99.8 100.0
F 95.8 98.6 95.0
Dl\"’/‘lf‘:net 93.7 97.0 98.2

Table 7. Summary of different errors noted in the taxonomic QA/QC re-identification process.

Category Error Description Discrepancy Taxonomic Labs Dataset
Type Code A B CDE F G Totals
Misidentification True Primary taxonomist misidentification 1 29 27 12 8 0 31 75| 183 7.7%
Misidentification True QC taxonomist misidentification 2 21 35 40 32 9 71 63 273 11.5%
Miscount True Primary taxonomist miscount 3 8 56 63 42 2 22 51| 247 104%
Miscount True QC taxonomist miscount 4 0 10 11 16 3 7 6 57 2.4%
Data Entry Random  Primary taxonomist data entry error 5 1 10 % 1 0 4 3 80 3.4%
Data Entry Random  QC taxonomist data entry error 6 6 0 0 0 0 4 20 0.8%
Name Usage True Primary naming convention discrepancy 7 0 15 16 6 0 2 9 55 2.3%
Name Usage True QC naming convention discrepancy 8 2 11 17 2 0 1 16 57 24%
Level of Expertise Non-Error Primary variation in level of expertise 9 21 19 34 23 56 44 108 314 133%
Level of Expertise Non-Error QC variation in level of expertise 10 140 156 138 55 20 133 144 796 33.7%
Processing Random organismadded from another vial 11 0 1 860 0 3 O 83 3.5%
Processing Random  organism lost 12 14 16 38 9 8 33 50 180 7.6%
Processing Non-Error specimen vouchered 13 74 32 15 1101 74 63 373 15.8%
Processing Non-Error specimen damaged during primary 1D 14 7 421 5 5 15 15 86 3.6%
Totals 323 392 469 260 204 444 607 2,804

Taxonomic comparability — After the sample-by-sample QA/QC reconciliation among the
primary and re-identification taxonomists and any true errors were fixed, all of the
taxonomists convened virtually for a synoptic data review. The goal of this exercise was to
ensure comparability of taxa among the different laboratories that did the identifications.
When taxon names were compared across all of the different laboratories, some taxa were

either synonymized under one agreed upon name or the level of identification was backed off
to a higher, more inclusive level (e.g., species to genus, or genus to family).
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To ensure comparability of this survey to other surveys, voucher collections from each lab
were created. The voucher collections contain specimen lots of one or more individuals of
each reported taxon identified to species. The voucher specimens are understood to be
representative of the taxon as defined within the Bight’ 18 survey. After the completion of
analyses and publication of reports, vouchers will be transported to the Natural History
Museum of Los Angeles County (NHM). The vouchers will be placed into the NHM
invertebrate collection and specimens can be borrowed for further analysis following the
standard protocols of the museum. VVouchers of tentatively identified taxa that are not
resolved at the time of publication of this report will also be transferred to the NHM. Further
research on these taxa can be conducted through the NHM by visiting scientists.

QA/QC Discussion

The challenge of producing and verifying an accurate and internally consistent description of
the species composition of benthic macrofaunal communities over a wide range of habitats
and depths was considerable. The necessity of relying on a large number of taxonomists
added to the complexity of the task. However, measures to coordinate and standardize
taxonomic practices effectively met these challenges.

Across 376 samples, we provided species-level identifications for 80.3% of the specimens
that were collected; a 1.6% decrease from the 2013 survey. A total of 1,538 taxa were
reported, which was 178 less than in 2013. The primary reason for this high level of
consistency among surveys was that Southern California Association of Marine Invertebrate
Taxonomists (SCAMIT) has continued to use taxonomic problems discovered in the Bight
surveys to focus its activities in the period between surveys. Keys and other identification
aids were produced for many problem taxa from previous regional surveys, facilitating
consistent treatment in the present survey. Within the Bight Program and regular year-to-year
taxonomic activities, taxonomists create voucher sheets for provisional taxa they erect or to
provide clarification for multi-taxa groups that can be challenging. We would encourage this
continued practice and re-encourage the distribution of these sheets via the taxonomy email
list-serves that are created for each new Bight Program and within SCAMIT. Distribution of
these materials ensures greater consistency of identification and uniformity across the
datasets produced by the survey.

While all of the DQOs were met across the dataset, a small number of samples failed to meet
the objectives for sorting or identification. These failures resulted from the lack of
experienced sorters and identification discrepancies made in samples with low abundance and
diversity, such as those from very shallow estuarine habitats and deep slope and basin
habitats. Just a few errors in samples with few individuals have a big impact on quality
assurance and quality control measures. However, the ability of most labs to reach the
established DQOs across the width and breadth of their samples indicated very high
performance in the bulk of the data and should impart similarly high confidence in the quality
of the data for all subsequent analyses.

One of the common types of changes made to the dataset during the Synoptic Data Review
was the “rolling back” of an identification to a higher taxonomic level to ensure consistency
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of effort across the dataset. A large number of these changes were due to differences in
standard practices between labs in dealing with higher-level taxonomic designations (e.g., the
use of sub-family vs. family designations on polychaetes that cannot be identified to species).
This aspect of taxonomic standardization is currently not considered in the creation of the
pre-survey lab manual. We would recommend including group-specific guidance on the
“Bight-recommended” level of taxonomic effort in future Bight Program lab manuals to help
expedite the re-1D and Synoptic Data Review processes.
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V. RESULTS
Community Composition

The nMDS ordination illustrates that all of the samples clustered into three, relatively
contained groups (stress = 0.181): embayment, offshore, or deepwater assemblages (Figure
2). A visual inspection of Figure 2 shows that the embayment cluster (circles) comprised
samples from the Estuaries, Brackish Estuaries, Marinas, Ports, and Bays strata. The
Estuaries and Brackish Estuaries were somewhat separated from the other types of
embayments but were generally still part of the larger embayment assemblage group. The
offshore assemblage cluster (squares) comprised samples from the Inner Shelf, Mid Shelf,
Outer Shelf, and Channel Islands strata. As indicated by the clustering and overplotting in
Figure 2, the macrobenthic fauna of offshore community samples were very similar to each
other and displayed a moderate gradient into the deepwater assemblage samples. The third
group, a deepwater assemblage (diamonds), comprised samples from Upper Slope and Lower
Slope strata. As illustrated by the broad dispersal of points across the ordination in Figure 2,
these samples showed the greatest amount of taxonomic heterogeneity of the different
habitats sampled in the survey; they were not particularly similar to each other, but they were
quite dissimilar to all of the other samples. This pattern echoes that detailed across the
continental slope of the region by Gillett et al. (2021), which suggested that these
communities may be organized according to neutral (stochastic) principles instead of the
niche differentiation patterns observed in shelf and embayment habitats. Note that for ease of
interpreting the ordination, nine (5 from the Lower Slope and 4 from the Brackish Estuaries)
outlier samples were removed from the ordination due to their low abundance or anomalous
composition. See Appendix H for sample data.
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Figure 2. Two-dimensional nMDS ordination illustrating benthic infaunal community similarity
of samples from the 11 different sampling strata. The three different assemblages are denoted
with shapes and strata are denoted by color. The ellipses represent 90% of the data for each
assemblage.

Sediment grainsize composition (% sand, r = 0.44; % silt, r = 0.46; % clay, r = 0.44) and
station water depth (r = 0.81) were the two most important environmental variables
contributing to the separation of samples in the nMDS ordination (Figure 3). Latitude and
longitude had no meaningful (r < 0.01) relationships to the sample distribution in the nMDS
ordination.
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Figure 3. Two-dimensional nMDS ordination of Bight ‘18 macrobenthic samples from Figure 2
with environmental vectors overlaid. The length of the vectors is proportional to the strength
of their correlation to the ordination pattern.

There were 11 different taxa that had comparatively strong (r>0.3) explanatory power for the
patterns in the 2-d ordination of the samples collected in the survey (Table 8). These taxa
could be grouped into those that clearly distinguished the embayment assemblage and those
that identified with the offshore or deepwater assemblages (Figure 4). This clear separation
was logical given the distinct differences in salinity and water depth between the embayment
strata and other strata sampled in the survey. The differences between those taxa associated
with the deepwater and offshore assemblages were less distinct than with the embayments.
This pattern was likely reflective of the more subtle changes in depth and temperature along
the continental shelf-slope continuum.
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Table 8. Taxa with strongest explanatory value (r > 0.3) in the 2-dimensional nMDS ordination
shown in Figures 2-4. Taxa are ranked based upon the magnitude of their correlation to the
ordination. The labels of the taxa vectors in Figure 4 correspond to the Vector IDs in this table.
The assemblage association indicates the direction of that taxon’s vector to the assemblages
defined in Figure 2.

Taxon Vector ID Assemblage Association
Acteocina carinata 1 Embayment
Oligochaeta 2 Embayment
Maldane californiensis 3 Deepwater
Limifossor fratula 4 Deepwater
Glycera nana 5 Offshore
Paraprionospio alata 6 Offshore
Glycinde armigera 7 Offshore
Spiophanes duplex 8 Offshore
Sigalion spinosus 9 Offshore
Carinoma mutabilis 10 Offshore
Hartmanodes hartmanae 11 Offshore
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Figure 4. Two-dimensional nMDS ordination of Bight ‘18 macrobenthic samples from Figure 2
with taxa overlaid. Numbers correspond to taxa in Table 8.

SIMPER analysis of the samples grouped by their distribution within the three assemblages
depicted in Figure 2 determined that the average community Bray-Curtis percent similarity
was 13.04 among the embayment samples, 18.75 among the offshore samples, and 7.08
among the deepwater samples. Fourteen different taxa contributed just over 60% to the
similarity values within the embayment assemblage (Table 9). The orbiniid polychaete
Leitoscoloplos pugettensis, the invasive bivalve Musculista senhousia, and capitellid
polychaetes from the genus Mediomastus were identified as the taxa most associated with the
embayment samples, with each taxon contributing > 6% to the similarity values among the
samples. In contrast, samples from the offshore group had 38 different taxa that represented
60% of the within group similarity, reflecting the greater species richness traditionally
observed in the continental shelf of the region compared to the embayments or deepwater
habitats (see below; Ranasinghe et al. 2012). Only the spionid polychaete Spiophanes duplex
contributed more than 6% to the within-group similarity (Table 10). Seventeen taxa
contributed to 60% of the similarity within the deepwater samples (Table 11). The
polychaetes Prionospio ehlersi, Maldane sarsi, and Bipalponephtys cornuta each contributed
> 7% to the within group similarity of the deepwater assemblages. The full output of the
SIMPER analysis can be found in Appendix B.
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Table 9. Similarity (%) for taxa contributing to the top 60% of within-group similarity of the
samples from the embayment group. Average within-group Bray-Curtis similarity was 13.04.

Taxon %Cor_nr_ibu_tion to %Cumula_tive

Similarity Contribution
Leitoscoloplos pugettensis 8.3 8.3
Musculista senhousia 7.6 16.0
Mediomastus sp 6.7 22.7
Scoletomasp C 6.0 28.6
Scoletoma sp 6.0 34.6
Theora lubrica 4.0 38.5
Pseudopolydora paucibranchiata 3.7 42.2
Phoronis sp 2.9 45.1
Amphideutopus oculatus 2.8 47.9
Exogone lourei 2.7 50.6
Oligochaeta 2.7 53.4
Grandidierella japonica 2.5 55.9
Acteocina carinata 2.4 58.3
Prionospio heterobranchia 1.9 60.2
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Table 10. Similarity (%) for taxa contributing to the top 60% of within-group similarity of the
samples from the offshore group. Average within-group Bray-Curtis similarity was 18.75.

% Contribution to

Taxon Similarity % Cumulative Contribution
Spiophanes duplex 7.0 7.0
Mediomastus sp 5.8 12.8
Paraprionospio alata 4.6 17.4
Maldanidae 4.5 21.9
Prionospio jubata 2.4 24.3
Spiophanes kimballi 2.1 26.4
Amphiuridae 21 28.4
Euclymeninae sp A 2.0 30.5
Amphiodia urtica 1.9 324
Amphiodia sp 1.7 34.1
Spiophanes norrisi 1.3 35.5
Glycinde armigera 1.3 36.7
Tubulanus polymorphus 1.2 37.9
Axinopsida serricata 1.2 39.1
Spiochaetopterus costarum Cmplx 1.2 40.4
Ampelisca brevisimulata 1.1 41.5
Paradiopatra parva 1.1 42.6
Parvilucina tenuisculpta 1.1 43.8
Petaloclymene pacifica 1.0 44.8
Chondrochelia dubia Cmplx 1.0 45.8
Prionospio dubia 1.0 46.9
Aphelochaeta glandaria Cmplx 1.0 47.9
Pectinaria californiensis 0.9 48.8
Phoronis sp 0.9 49.7
Kirkegaardia siblina 0.9 50.5
Nuculana sp A 0.9 51.4
Sternaspis affinis 0.8 52.2
Scoletoma tetraura Cmplx 0.8 53.1
Scalibregma californicum 0.8 53.9
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Tellina sp B 0.8 54.7

Glycera nana 0.8 55.5
Praxillella pacifica 0.8 56.2
Lineidae 0.7 57.0
Tellina carpenteri 0.7 57.7
Caecognathia crenulatifrons 0.7 58.4
Eclysippe trilobata 0.7 59.1
Nephtys ferruginea 0.7 59.7
Kirkegaardia cryptica 0.7 60.4

Table 11. Similarity (%) for taxa contributing to the top 60% of within-group similarity of the
samples from the deepwater group. Average within-group Bray-Curtis similarity was 7.08.

% Contribution to % Cumulative

Taxon Similarity Contribution
Prionospio ehlersi 12.8 12.8
Maldane sarsi 8.2 20.9
Bipalponephtys cornuta 7.7 28.7
Limifossor fratula 5.3 33.9
Paraprionospio alata 3.6 37.5
Ophiuroidea 3.2 40.7
Maldane californiensis 25 43.1
Glycinde armigera 1.9 45.0
Lineidae 1.8 46.8
Aphelochaeta monilaris 1.7 48.5
Stereobalanus sp 1.7 50.2
Bivalvia 1.7 51.9
Melinna heterodonta 1.6 53.5
Aricidea (Acmira) rubra 1.6 55.1
Glycera nana 1.6 56.7
Maldanidae 1.6 58.4
Mendicula ferruginosa 1.6 59.9
Brisaster townsendi 15 61.4
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Within the embayment assemblage, Marinas, Ports, Bays, and Estuaries samples had
relatively similar species diversity, richness, and evenness, while Brackish Estuaries samples
had lower values for all three community metrics (Table 12). Though these univariate
community metrics were relatively similar among the Marinas, Ports, Bays, and Estuaries
samples, the community composition data served to highlight the differences in taxonomic
composition of the different strata born out in the multivariate analyses described above. A
full list of all taxa, their abundance, and frequency of occurrence within each stratum are
presented in Appendix A. The most abundant and frequently observed fauna from Estuaries
samples were typical, estuarine endemic taxa found in polyhaline/high mesohaline
environments: the bivalve Musculista senhousia, oligochaetes, the syllid polychaete Exogone
lourei, the gastropod Acteocina carinata, and the spionid polychaete Pseudopolydora
paucibranchiata (Appendix Al). Marina samples were dominated by Pseudopolydora
paucibranchiata, M. senhousia, the polychaetes Leitoscoloplos pugettensis, and E. lourei
(Appendix A2). The Ports samples were dominated by polychaetes - Scoletoma sp C, E.
lourei, Mediomastus sp, and Scoletoma sp. (Appendix A3). Similar to the Ports, the most
frequently observed taxa in the Bays samples were polychaetes - Scoletoma sp, Mediomastus
sp, Leitoscoloplos pugettensis, and Glycera americana. Unlike the other embayment strata,
the three most abundant taxa in the Bays samples — the syllid polychaete E. lourei as well as
the molluscs M. senhousia and Barleeia haliotiphila — were found in less than 40% of the
samples, indicating a patchy, high-density distribution (Appendix A4).

As noted above, the Brackish Estuaries were a new stratum included in this Bight Survey.
These were habitats adjacent to the other embayment strata, but with salinities less than 27
PSU. Accordingly, the taxa from the Brackish Estuaries were relatively different from those
of the more saline embayment strata (e.g., Attrill 2002; Gillett and Schaffner 2009). The most
abundant taxa in Brackish Estuaries were the amphipods Grandidierella japonica and
Monocorophium insidiosum, which can form dense tube/burrow mats and the latter of which
is common to mesohaline salinities. However, the most frequently observed taxa were
Oligochaeta (Appendix A5). Given our present inability to distinguish species of oligochaetes
from one another, we cannot determine if the oligochaetes observed in the Brackish Estuaries
were different from those that were observed relatively frequently in the Estuaries, Ports, and
Marina strata — though given the salinity differences it is likely that there were taxonomic
differences within and between the strata (e.g., Giere and Pfannkuche 1982; Gillett et al.
2007).
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Table 12. Mean (min - max) abundance, species richness, diversity, and evenness for all
samples (probabilistic and non-probabilistic) for each stratum from the Bight '18 survey. Strata
are grouped by their primary assemblage association noted in the nMDS ordination.

Assemblage Stratum Abundance Sh;r;zssr;;zv(ﬂ%er Ev:riﬂ::s’s( 7) Ricshpr?ecsizs(S)

Brackish Estuaries 430.1 0.78 0.59 5.8
(n=12) (1-2,967) (0-1.9) (0.32 -0.94) (1-18)
Estuaries 425 2.10 0.71 24.2
(n=45) (3-2,602) (0.6 —2.9) (0.28 —1.0) (3-81)
Marinas 407.6 2.27 0.69 31.7

Embayments
(n=44) (22 -2,124) (0.7-3.4) (0.31-0.89) (5-73)
Ports 243.1 2.85 0.79 41.4
(n=56) (9 - 986) (1.3-3.8) (0.57 - 0.97) (6 - 85)
Bays 434.7 2.81 0.75 45.3
(n=43) (40 — 3,286) (1.2-3.8) (0.39 - 0.93) (9-94)
Inner Shelf 315.3 3.50 0.83 73.4
(n=36) (86 - 933) (1.2-4.4) (0.29 — 0.94) (35-155)
Mid Shelf 416.5 3.72 0.83 90.1
(n=36) (68 — 1,150) (29-4.2) (0.72-0.92) (26 - 154)

Offshore
Outer Shelf 265 3.34 0.83 64.2
(n=31) (34-713) (1.1-4.2) (0.46 — 0.94) (9-133)
Channel Islands 539.7 3.79 0.81 110.1
(n=15) (171 - 1,300) (3.0-4.3) (0.66 — 0.92) (63 - 163)
Upper Slope 61.9 25 0.83 22.9
(n=31) (18 - 229) (0.8-3.6) (0.37 -0.97) (4-59)

Deepwater
Lower Slope 30.1 2.25 0.91 16.2
(n=27) (2-76) (0-3.2) (0.77 - 1.0) (1-30)

Samples from the offshore strata had greater species richness and diversity than embayment
or deepwater strata (Table 12). Species diversity and evenness were relatively similar among
the samples from the offshore strata. Species richness, however, varied among the offshore
strata, with the Channel Islands samples having the highest average species richness (110.1),
while the Outer Shelf samples had the lowest (64.2). The Inner, Mid, and Outer Shelf
samples all had relatively similar dominant taxa, characteristic of the coastal ocean: the
capitellid polychaetes of the genus Mediomastus sp, and the spionid polychaetes Spiophanes
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norrisi and S. duplex (Appendices A6-8). As Figure 2 would suggest, the samples from the
Channel Islands stratum shared many of the same dominant taxa as those from the other
offshore strata. The most abundant and frequently observed additions to those taxa typical in
the other offshore strata were amphipods of the genus Photis and the polychaete Laphania sp
(Appendix A9).

Species diversity of the deepwater strata samples were similar to samples from the
embayments, while evenness was more similar to the offshore strata (Table 12). The species
richness values were lower than all the other strata, with the Lower Slope samples having the
lowest richness (16.2) of any strata, except the Brackish Estuaries (5.8). Samples from the
Upper Slope stratum were dominated by polychaetes - Prionospio ehlersi, Paraprionospio
alata, Maldane sarsi, and Bipalponephtys cornuta (Appendix B10). The most abundant taxa
in the Lower Slope stratum were the bivalve Mendicula ferruginosa, the enteropneust
Stereobalanus sp, and the amphipod Byblis barbarensis. However, the most frequently
observed taxa were Ophiuroidea and Maldane californiensis (Appendix Al1l).

Condition assessment in 2018

More than 99% of the assessable portions of the region were in good condition (89.1%
reference condition + 10.1% low disturbance condition) and less than 1% were in poor
condition (Figure 5). Of the four offshore strata, there were no areas in poor condition (Figure
6). Within the good condition category, the five offshore strata had varying levels of
condition within the reference and low disturbance categories. One hundred percent of the
Channel Islands stratum was in reference condition, while the Inner Shelf, Outer Shelf, and
Mid Shelf strata had 77, 88, and 90% in reference condition, respectively. The Inner Shelf
had the highest relative area in low disturbance condition (23%) compared to the Outer Shelf
and Mid Shelf (11 and 10%, respectively). Full details of the condition extent estimates for
all of the assessable strata can be found in Appendix F and their distribution across the region
is detailed in Figure 7. Index scores are compiled in Appendix I.
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local neighborhood-based confidence intervals. Note: no area was in the moderate or high
disturbance category.
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Figure 7. A map of the Southern California Bight depicting the distribution of samples and
their condition collected across the eleven strata of the survey. The insets depict the
distribution of samples from San Diego Bay and the ports of LA and Long Beach. The color of
the dots indicate their condition and the small black dots represent samples whose condition
could not be assessed (Upper Slope and Lower Slope).

The embayment strata had a greater relative extent of area in poor condition (29.7%)
compared to the offshore strata (0%) (Figure 8). While a large percentage of the area in the
embayment strata was in the low disturbance category (48.1%), 9.4% of the embayment area
was highly disturbed. When comparing different embayment strata (Figure 9), Bays and Ports
strata were in relatively better condition than the Estuaries and Marinas strata. Most of the
area in Bays and Ports strata was in good condition (4-19% reference and 49-67% low
disturbance condition) with less area in poor condition (22-26% moderate disturbance and 5-
7% high disturbance). In contrast, the Estuaries and Marinas strata had a smaller extent of
area in good condition (2-11% reference and 20-40% low disturbance condition) and a
greater extent of area in poor condition (33-55% moderate disturbance and 18-22% high
disturbance). Brackish Estuaries had the greatest extent of area in poor condition (54.5%
moderate disturbance and 27.3% high disturbance).
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Assessing condition of the Upper Slope stratum

An average of 72% of the taxa across the Upper Slope samples had tolerance values used for
BRI calculation. This was significantly (0=0.1) less than Mid Shelf samples, but similar to all
of the other shelf strata (Figure 10). Similarly, the % of abundance with tolerance values from
the Upper Slope (77%) was less than the Mid Shelf, but similar to all of the other shelf strata
(Appendix C).

The BRI scores from the Upper Slope increased (i.e., worsening condition) significantly
(0=0.1) with increasing numbers of CSI-1 and ERL exceedances. However, there were no
significant relationships between Upper Slope BRI scores and TN or TOC concentrations.
For comparison, BRI scores from the Inner Shelf samples significantly increased with
increasing measures of sediment contaminants and organic matter concentration, while those
from the Mid-Shelf and Channel Islands showed no significant responses. Full details of all
analyses for all strata are provided in Appendix C.

The lack of significant relationships between BRI score and TOC or TN among the Upper
Slope samples despite some samples having concentrations known to negatively impact
benthic fauna from other habitats (e.g., Hyland et al. 2005; Walker et al. 2022) is curious and
may be related to biogeochemical or macrobenthic community composition differences
associated with deepwater habitats. However, the direction of the trends in BRI scores
relative to TOC and TN were indicative of the expected response to disturbance (i.e., higher
scores with greater stress), suggesting that the index was performing as intended. Based upon
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this pattern, the significant relationships to sediment contaminants, and the large amounts of
taxa from Upper Slope samples with documented tolerance values, it was deemed reasonable
to use the BRI in an exploratory fashion to evaluate the relative condition of the Upper Slope
in the 2018 survey as was done with the shelf strata (Figure 11). The overall pattern differed
from the adjacent Outer Shelf stratum, with 60% of the Upper Slope in reference condition,
30% in low disturbance condition, and 10% in a moderate disturbance condition. However,
without a proper validation of the BRI at depths below 324m the condition category
thresholds should be interpreted with a note of caution when applied across the whole
stratum.

1.0

a ab! b

=
[o:]
1

% of Taxa w/ p-code
¢—o— @ QW0 OO
@
¢—0— 00— e 00 @ ¢ OENe——0

o
'S
1

Channel Islands Inner Shelf Mid Shelf Outer Shelf Upper Slope
Stratum

Figure 10. A schematic box and whisker plot of the percent of taxa in a given sample with ap-
code tolerance value across the four shelf strata and Upper Slope stratum, with the dots
representing values from individual samples. The letters indicate a similarity/difference
between strata based upon a Kruskal-Wallis rank sum test with Dunn post-hoc comparisons.
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each of the four condition categories. The dots depict the estimate and the whiskers depict the
local neighborhood-based confidence intervals.

Condition of sediments surrounding oil/gas platforms

Full details of the oil platform study can be found in Gillett et al. (2020) published in Marine
Pollution Bulletin (Open Access: https://doi.org/10.1016/j.marpolbul.2020.111662) and
included in Appendix E. In brief, assessment scores indicated that the sediments surrounding
the oil platforms (250 m — 2 km) were in a relatively good state, with reference-condition
infauna, minimal levels of chemical exposure, and five instances (25% of samples) of low-
level toxicity. Samples from around the oil platforms were in overall similar condition to
Bight *13 Mid Shelf stratum samples, with slightly better condition infauna, nearly identical
chemistry, and slightly worse toxicity.

Multi-survey temporal trend

A comparison of survey data from 1998-2018 shows a relatively stable trend in the
proportion of the Southern California Bight in each of the four condition categories from
1998 through 2008. The change in the amount of reference to low disturbance condition areas
in 2013 compared to previous surveys was not apparent in 2018, where the percent area
distribution in 2018 was similar to that of 1998-2008 (Figure 12). From 1998 to 2008, nearly
90% of the assessable area was in reference condition and approximately 9% in low
disturbance condition; contrasted with 78% and 21% respectively during the 2013 survey. In
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2018, 89% of the assessable area was in reference and 10% was in low disturbance condition.
Despite the relative change from reference to low disturbance in 2013, the areal extent of
good condition habitat (i.e., reference + low disturbance) has remained stable — around 99%
of the total assessable area — between 1998 and 2018. Likewise, the sum amount of moderate
and high disturbance condition area bight-wide has remained stable at < 2% from 1998 to
2018. Full details of the multi-survey areal extent estimates of habitat condition within each
stratum can be found in Appendix F2.
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Figure 12. Percent area estimates (w/ 95% confidence intervals) for the entire Southern
California Bight in each of four condition categories from the five regional surveys. The dots
depict the estimate and the whiskers depict the local neighborhood-based confidence
intervals.

When considering the individual offshore strata, the multi-survey trend was not uniform
(Figure 13). The Mid Shelf and Outer Shelf strata displayed a small nominal change in
condition (i.e., reduction in reference condition area paired with an increase in low
disturbance area) from 1994 to 2018. The pattern on the Inner Shelf showed a downward
trend in condition from 1994 to 2003, with decreases in the amount of Reference and
increases in the amount of Low Disturbance area. However, after 2003 the trend on the Inner
Shelf was an increase in the amount of Reference area, a decline in the amount of Low
Disturbance, and the disappearance of the small amounts of Moderate Disturbance area. The
multi-survey pattern in the Outer Shelf stratum showed a modest decline in condition
compared to the Inner Shelf. From 2008 to 2013, there was a small decline in the amount of
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Reference condition area and a corresponding increase in Low Disturbance area in the Outer
Shelf, though the amount of area in Reference increased in 2018 relative 2013.

In the 2013 Bight Benthic Report, it was highlighted that the Channel Islands stratum showed
a large change in condition in 2013 compared to previous surveys. From 1998 to 2008, nearly
100% of the area was in reference condition. In 2013, however, there was a 26.7% decrease
in the amount of area in reference condition accompanied by an increase in low disturbance
condition. With the inclusion of data from the 2018 survey, the trend has changed direction
and returned to a state where 100% of the area was in reference condition. As is detailed
below and in Appendix D, the cause(s) for this temporal fluctuation could not be definitively
identified, though the data would suggest it was not related to sediment contamination.
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Figure 13. Percent area estimates (w/ 95% confidence intervals) in each of four condition
categories for the four offshore strata sampled in the four regional surveys. The dots depict
the estimate and the whiskers depict the local neighborhood-based confidence intervals. Note
that no Outer Shelf samples were collected in 1998 and no Channel Islands samples were
collected in 1994.

There was less consistency in the multi-survey trends in condition among the four
embayment strata (Figure 14) compared to the offshore strata. In general, all four embayment
strata saw increases in either moderate or high disturbance condition over time. Low
disturbance condition was relatively stable in the Ports stratum, however, there was a 16%
increase in moderate disturbance condition from 2013 to 2018. The ongoing trend in
Estuaries and Bays of declining condition persisted in 2018. The Estuaries stratum saw a 2%
increase in high disturbance condition and a 20% increase in moderate disturbance condition
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from 2013 to 2018. The trend in declining condition in the Bays stratum since 2003
continued, where the percent of area in reference and low disturbance condition continued to
steadily decline and the area in moderate disturbance condition increased. The Marinas
stratum saw the largest increase in high disturbance condition from 2013 to 2018 with a 14%
increase.
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Figure 14. Percent area estimates (w/ 95% confidence intervals) in each of four condition
categories for the four embayment strata sampled in the five regional surveys. The dots depict
the estimate and the whiskers depict the local neighborhood-based confidence intervals. Note
that no Estuaries samples were collected in 1998.

Investigating changes in the Channel Islands stratum

As noted above in Figure 13, the conditions of the Channel Islands stratum in 2018 returned
to being in 100% reference condition, as it had been in surveys prior to 2013. Both condition
category and BRI score were significantly worse in 2013 than the other Bight Surveys, which
suggests that both the decline in 2013 and the rebound in 2018 were quantitatively “real”.
Furthermore, neither the percent of taxa (p=0.123) nor the percent of total abundance
(p=0.376) used in calculating the BRI were different between the different surveys (e.qg.,
Figure 15; Appendix D). More than 70% of abundance and 60% of the taxa were recognized
by the BRI, which suggests the index was being performing similarly across all the surveys.
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Figure 15. A schematic box and whisker plot depicting the percent of taxa in Channel Islands
samples with a p-code tolerance value across different years of the Bight Program. The dark
Blue squares indicate the value for samples in Low Impact condition.

The differences in condition scores from 2013 to the other surveys were not as clearly
reflected in the survey-to-survey patterns of the whole community as illustrated in the nMDS
ordination (Figure 16). In contrast, the pairwise PERMANOVA indicated that the benthic
fauna from each survey were different than those from 2013 (Table 13). This pattern is part
of a broader trend in a steady change in community composition that has been observed at a
variety of habitats across the Southern California Bight over the 25+ years of sampling
(Gillett et al. in review; Walker et al. unpublished).
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Figure 16. A two-dimensional nMDS ordination of Bray-Curtis dissimilarities of
presence/absence transformed macrobenthic abundance from the Channel Islands stratum
collected in different Bight Surveys between 1998-2018. Points are color-coded by the year of
collection.

Table 13. Main effect and pairwise comparison outputs from a PERMANOVA of Channel
Islands stratum benthic fauna from 1998-2018. PERMANOVA calculated from Bray-Curtis
dissimilarities of presence/absence abundance over 10,000 permutations.

Test Type Term dfs Pseudo R? F-statistic  p-value
Year of Survey 4 0.13 5.1 <0.001
Main Effect Residuals 141
Total 145
Test Type Contrast dfsPseudo R? F-statistic  p-value
2013 vs 1998 1, 66 0.08 5.6 <0.001
Pairwise 2013 vs 2003 1, 46 0.10 4.9 <0.001
Comparisons - 5413 s 2008 1,43 0.05 2.5 0.006
2013 vs 2018 1,28 0.10 3.0 <0.001

There were no clear, obvious relationships between BRI scores and the stressors or
environmental factors considered in the analyses (see Appendix D for full details). However,
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there were differences in water quality/chemistry between survey years. On average, the
bottom waters in 2013 tended to be colder and more acidic, with lower dissolved oxygen than
in 2018 or previous surveys. The survey-to-survey patterns were complex, but generally 2013
values were significantly different from 1998 and some of the prior surveys (depending on
the parameter), but never significantly different from 2018 values (Figures 17 and 18).
Sediment contaminants and organic matter content were not significantly greater in 2018 than
they were in the 2008 survey (e.g., Figures 19 and 20).
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Figure 17. Aragonite saturation, calcite saturation, partial pressure of CO,, and pH values in
the Channel Islands for each Bight Survey (1998, 2003, 2008, 2013, and 2018). Lines inside
each box depict the median value, box limits are Q1 and Q3, and whiskers represent non-

outlier ranges. Letters represent significant differences between treatments (Tukey HSD test;
a=0.1).
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Figure 18. Chlorophyll A, dissolved oxygen (DO), salinity, and temperature values in the
Channel Islands for each Bight Survey (1998, 2003, 2008, 2013, and 2018). Lines inside each
box depict the median value, box limits are Q1 and Q3, and whiskers represent non-outlier
ranges. Letters represent significant differences between treatments (Tukey HSD test; a=0.1).

41



DDTs
2
201
151 2
101
S .
s 9] .
(1] .
= e
[ = 01 °
[+}] r - -
o 2003 2008 2018
3 LMW-PAH
o 12007 ]
€ S
'_c“ 900
<
6001
3001 R
I .
O.
2003 2008 2018

600+

4001

200+

1500+

1000+

5001

O_

Year

HMW-PAH

2
L ]
*
[ ]
¢ C
[ ] ————
2003 2008 2018
Total PAH
i
R
. C
2003 2008 2018

Figure 19. Schematic boxplots of organic contaminant (DDTs, HMW-PAH, LMW-PAH, and Total
PAH) concentration (ng g*) at the Channel Islands from the Bight 2003, 2008, and 2018
surveys. Lines inside each box depict the median value, box limits are Q1 and Q3, and
whiskers represent non-outlier ranges. Letters represent significant differences/similarities
between treatments (Tukey HSD test; a=0.1).
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Figure 20. Schematic box plots of organic matter concentrations (% total nitrogen and % total
organic carbon) in the Channel Islands from the Bight 2003, 2008, and 2018 surveys. Lines
inside each box depict the median value, box limits are Q1 and Q3, and whiskers represent
non-outlier ranges. Letters represent significant differences between treatments (Dunn test;

a=0.1).
Site revisit temporal trends

Based upon sites revisited from 1998 through 2018, 4.5% of the assessable portions of the
Southern California Bight showed a trend towards improving condition (i.e., better BRI
scores), 77.9% had a stable trend, and 17.6% had a trend of declining condition (Figure 21;
Appendix F). Compared to the other offshore strata, the Outer Shelf had the greatest amount
of area (40%) in a declining trend with 6% in improving condition (Figure 23). Most of the
area in the Inner Shelf, Mid Shelf, and Channel Islands strata had a stable (80 - 82%) or
declining (7 - 20%) trend in condition. The Mid Shelf and Inner Shelf had only 9 and 14% in
improving condition, while the Channel Islands had no area in improving condition (Figure
23). None of the changes in condition scores within the offshore strata crossed the condition
threshold from good to poor or poor to good (Appendix G), though some did change with the
good/poor summary categories.
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Figure 21. Percent area estimates (w/ 95% confidence intervals) of the assessable portions of
the Southern California Bight with an improving, stable, or declining trend in condition score
derived from revisited sites sampled from 1998 to 2018. The dots depict the estimate and the

whiskers depict the local neighborhood-based confidence intervals.
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indicate the nature of the trend and the small white dots represent samples whose condition
category changed from 2013 to 2018.
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Figure 23. Percent area estimates (w/ 95% confidence intervals) of the four offshore strata with
an improving, stable, or declining trend in condition score derived from revisited sites
sampled from 1998 to 2018. The dots depict the estimate and the whiskers depict the local
neighborhood-based confidence intervals.

Among the embayment strata, the Estuaries stratum was the only strata that had no area that
showed an improving trend in condition scores (0%), with the majority of the area showing a
stable trend (90.2%) and a relatively small area showing a declining trend (9.8%) in condition
scores (Figure 24). The Bays, Marinas, and Ports strata had relatively similar trends in
condition, showing similar amounts of stable (44-61%), improving (22-42%), and declining
(12-20%) condition scores. A number of the increasing trends in condition score within the
embayment strata represented a change from poor to good condition (Appendix G). Similarly,
some of the declining trends represented a change from good to poor condition. Full details of
the temporal trend areal extent estimates using the revisit sites can be found in Appendix F3.
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Figure 24. Percent area estimates (w/ 95% confidence intervals) of the four embayment strata
with an improving, stable, or declining trend in condition score derived from revisited sites
sampled from 1998 to 2018. The dots depict the estimate and the whiskers depict the local
neighborhood-based confidence intervals.

Among the revisit stations within the four shelf strata, the condition category of 5 stations
improved from Low Disturbance in 2013 to Reference in 2018 (Table 14). Conversely, the
condition category of one Mid Shelf site declined from Reference to Low Disturbance. In the
Bays stratum, 1 site improved from Moderate Disturbance to Low Disturbance between 2013
and 2018, while 5 sites declined from Low to Moderate disturbance. Three sites from the
Ports stratum declined from Reference to Low Disturbance, while further 5 sites that were in
Reference or Low Disturbance declined into Moderate Disturbance condition. In the Marinas
stratum, 2 sites that were in Low or Moderate disturbance condition in 2013 improved to
Reference condition in 2018. Conversely, 2 Reference condition Marina sites declined into
Low Disturbance condition, while 3 sites declined into High Disturbance condition from
Moderate and Low Disturbance conditions in 2013. The Estuaries stratum had 2 sites
improve from Moderate Disturbance in 2013 to Low Disturbance in 2018 and 2 sites from
High Disturbance to Moderate Disturbance. One Estuaries site declined from Moderate
Disturbance to High disturbance conditions in 2018.
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Table 14. A comparison of condition categories among revisit sites in each stratum between
Bight 2018 and Bight 2013. A cell highlighted in green indicates an improvement in condition
category between 2013 and 2018. A cell highlighted in red indicates a decline in condition
category between 2013 and 2018.

2013 Condition Category

Reference Low Moderate High

2018 Condition Disturbance Disturbance Disturbance

Stratum Category
Reference 10 1 0 0
Low Disturbance 0 4 0 0
Inner Shelf
Moderate Disturbance 0 0 0 0
High Disturbance 0 0 0 0
Reference 12 0 0 0
Low Disturbance 1 1 0 0
Mid Shelf
Moderate Disturbance 0 0 0 0
High Disturbance 0 0 0 0
Reference 13 0 0 0
Low Disturbance 0 2 0 0
Outer Shelf
Moderate Disturbance 0 0 0 0
High Disturbance 0 0 0 0
Reference 11 4 0 0
Channel Low Disturbance 0 0 0 0
Islands Moderate Disturbance 0 0 0 0
High Disturbance 0 0 0 0
Reference 3 0 0 0
Low Disturbance 0 6 1 0
Bays
Moderate Disturbance 0 5 0 0
High Disturbance 0 0 0 0
Reference 0 0 0 0
Low Disturbance 3 6 0 0
Ports
Moderate Disturbance 1 4 1 0
High Disturbance 0 0 0 0
Reference 0 1 1 0
Marinas
Low Disturbance 2 4 0 0
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Moderate Disturbance 0 1 3 0

High Disturbance 0 1 2 0

Reference 0 0 0 0

Low Disturbance 0 1 2 0
Estuaries

Moderate Disturbance 0 0 5 2

High Disturbance 0 0 1 0

V. DiscussION

Bight *18 represents the fifth full regional survey of the area’s macrobenthic infauna. With
this iteration of the Bight Program, we have been able to finally include condition
assessments across the full extent of the region’s coastal embayments by applying a newly
modified and adopted benthic index that did not have the habitat restrictions of previous
indices to a new lower salinity estuarine stratum. The probabilistic sampling design, with a
subset of fixed-position revisit sites woven among new randomly selected sites, provided us
with a powerful analytical framework to measure spatial extent and temporal changes in
condition of the region and its different habitats. Multi-survey comparisons provided a
stratum-level assessment that was easier to quickly communicate temporal patterns in habitat
condition. Analysis of the revisit sites allowed for an assessment of habitat condition that
minimizes spatial variability to focus on temporal trends in the region’s waterbodies
(Urquhart and Kincaid 1999). Furthermore, the high-quality taxonomic data generated by the
survey, as well as abiotic data generated by the other components of the Bight Program,
allowed for investigation of the underlying ecology of the region’s benthic communities from
2018 and across the 20 years of the Bight Program. The patterns in these data are only
touched upon in this report, but will be invaluable to scientists across the region beyond the
scope of the 2018 survey and this report.

From the perspective of macrobenthic community composition, the assessable portions of the
Southern California Bight continued to be doing well in 2018. More than 99% of the
assessable portions of the region were in good condition (89.1 % reference condition +

10.1 % low disturbance condition) and less than 1% were in poor condition. However,
conditions were not uniform across the region. As was observed in previous Bight surveys
(Ranasinghe et 