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A)

B)

3. Report of Kelp Restoration Activities Including Stated Components in Scientific Collecting Permit
SCP).

Kelp Restoration Goals

The Macrocystis pyrifera (giant kelp) canopy cover at Palos Verdes Peninsula has decreased by
approximately 80% since the first large-scale survey in 1911 (Ford and Meux 2010, MBC 2019).
Sedimentation, development, urban runoff and storms slowed kelp growth. At the same time, the loss
of key urchin predators and competitors allowed urchins to overrun the reef and devour the remaining
kelp. Subtidal observations based upon mapping efforts conducted in 2010 identified large expanses of
nearshore rocky reef that were dominated by high densities of Strongylocentrotus purpuratus (purple
sea urchins) and Mesocentrotus franciscanus (red sea urchins). In total, 152 acres were described to
exist in an urchin barren state.

It is within this context that The Bay Foundation has initiated their Kelp Restoration project through in
situ S. purpuratus culling on the Palos Verdes Peninsula. The goal is to reduce populations of S.
purpuratus to natural densities (associated with stable giant kelp communities in southern California) in
order to facilitate recruitment and development of giant kelp and other macroalgae. Decreased S.
purpuratus grazing pressure allows for the enhancement of biogenic habitat to rocky reefs that have
historically supported kelp forests. Ultimately, this increases the spatial and temporal stability, as well as
biomass and production associated with the kelp forests/rocky reefs on the Palos Verdes Peninsula.

Timeline of Restoration Goals

Restoration and monitoring activities have been conducted in kelp reference, restoration and barren
sites since July 2013. The field work involved in this project is subject to sea state, oceanographic
conditions, and weather. Urchin suppression efforts have expanded each year to encompass two coves
(Underwater Arch and Honeymoon), and three open shore areas (Marguerite, Resort Point, and
Hawthorne). These areas are located somewhat centrally on the Palos Verdes Peninsula. These sites are
nearly contiguous and share similarities in ocean exposure. An additional site, Point Fermin, was started
to the south and east of these other locales in the summer of 2015. Point Fermin is roughly the south-
east terminus of the Palos Verdes Peninsula. White Point was established as a new site in summer 2018.
Pre-restoration monitoring at this site in Year 6 described mean S. purpuratus densities over a 1.8-acre
expanse at 67.8 urchins per m%. Monitoring and additional surveys of the barren area at White Point
have continued beyond the end of the Year 7 reporting deadline, resulting in expanding the total barren
area to 15 acres. The unrestored portions of this site are primarily devoid of fleshy macroalgae, while
the substrate is dominated by crustose coralline algae, bare rock and S. purpuratus. During this reporting
period of July 1, 2019 through June 30, 2020 (Year 7) of the project, all restoration efforts were focused
at White Point.

The progression of restoration activities is outlined in Table 1, while Table 2 provides hours of effort
spent SCUBA diving to achieve these results. Restoration efforts projected for this coming operational
year, July 1, 2020 through June 30, 2021, are listed in Table 3.



Table 1. Restoration progress by site Years 1 through 7. Marguerite includes Marguerite North, South
and Central. Specific areas restored at Underwater Arch Cove in Years 1 and 2 were re-cleared in Years 4
and 5 due to infiltration from an assumed S. purpuratus refuge population in a large and shallow tide

pool.
Area Cleared Area Cleared Area Cleared Area Cleared Area Cleared Area Cleared Area Cleared

Site Name (Acres) Year1 | (Acres) Year2 | (Acres) Year3 | (Acres) Year4 | (Acres) Year5 | (Acres) Year6 | (Acres) Year7 Total Area

July 2013 - July 2014 - July 2015 - July2016 - |July2017- June |July 2018- June | July 2019- June (acres)
June 2014 June 2015 June 2016 June 2017 2018 2019 2020

Honeymoon Cove 4.84 3.56 - - - - - 8.40
Underwater Arch Cove 3.77 4.49 - 2.34 0.28 - - 10.88
Marguerite - 5.07 3.68 5.27 - - - 14.01
Hawthorne - 2.72 1.56 - 0.89 - - 5.17
Point Fermin - - 3.93 1.13 0.22 - - 5.28
Resort Point - - - - 3.78 0.22 - 4.00
White Point - - - - - 3.11 4.38 7.49
Total Area 8.61 15.84 9.16 8.74 5.17 3.33 4.38 55.22

Table 2. Total diving effort towards project goals July 1, 2013 through June 30, 2020.

June 1 2013 - June 30 2020
Effort (dive hours) Monitoring | Restoration
The Bay Foundation 1885.93 71.93
Commercial Sea Urchin Harvesters - 6940.33
LA Waterkeeper 133.37 1030.86
Subtotal 2019.30 8043.12
Total Dive Hours 10062.42

Table 3. Restoration areas targeted for July 1, 2020 through June 30, 2021. Restoration work will target

the site listed in the table below. Periodic monitoring of all sites will continue to ensure that S.

purpuratus densities remain at no more than two per square meter. All sites are monitored with the
following methods: video transects, photo points, urchin dissections, and response monitoring.
Exploration of rocky reef along Palos Verdes will continue to identify existing or potentially emergent

urchin barrens in the coming year.

Estimated Total Area Restored
Site Name |Total Barren| Start Date Restored 6.1.2019- Status Centroid
Area(Acres) Area(Acres)| 7.30.2020 (Acres)
White Point 15 July 10,2018 7.49 4.38 In progress 33.713,-118.315




Table 4. Restoration start and completion dates for all sites. Dates are based on TBF biologist post
monitoring dates for each site.

Site Name Post Restoration| Restoration Notes
Started Completed *start/completion date based on post monitoring date
Honeymoon Cove| 11/4/13 1/6/15 |Constant work, no inactive periods
Main restoration accounting for 8.26 acres; Intrusion from tidepool
Underwater Arch Cove | 7/31/13 1/6/15 |requiring additional clearing in 2.62 acres ifrom 4/7/17 - 7/6/17.
Marguerite| 10/2/15 6/23/17 |6 month break from 11/24/15 - 6/27/16 on account of wasting disease
14 month break from 5/31/16 to 7/25/17 where 0.89 acres were
Hawthorne| 1/20/15 5/31/16 |restored ending work on 8/25/17
Initial work from 7/22/15 through 2/4/16; 7 month break until 10/7/16
where work continued til 12/14/16; then 7 month break until 0.22
acres on 7/7/17; subsequent surveys have identified large expansive
barren thought to be a result from intrusion from a refuge urchin
Point Fermin | 7/22/15 7/7/17 |population, funding dependent still in progress
Resort Point| 9/20/17 7/3/18 |Constant work, no inactive periods
White Point| 7/10/18 | In Progress |Inactive period from March through June 2020 due to COVID 19




C)

Description of Restoration, Control, and Reference Sites

All project restoration and reference sites are located on the Palos Verdes Peninsula, Los Angeles
County, California. Table 5 (below) shows all potential restoration sites along with the area in hectares
initially described in 2010 surveys, and representative central GPS coordinates for each.

Table 5. Area and GPS coordinates for restoration, reference and control sites.

Restoration Area Perimeter (Meters) Centroid

Site Name (Hectares) (Decimal Degrees)
Honeymoon Cove 4.07 1,509 33.764, -118.423
Christmas Tree Cove 4.09 2,264 33.761, -118.419
Marguerite 5.19 2,522 33.757, -118.418
Underwater Arch 5.36 2,183 33.752, -118.415
Hawthorne 8.96 1,789 33.747, -118.414
Portuguese Point 1.73 1,604 33.737, -118.376
Inspiration Point 2.57 1,965 33.736, -118.368
White Point 6.07 2,395 33.713, -118.315
Point Fermin 4.37 3,367 33.704, -118.291

The following sites were identified as urchin barrens in 2010 and are located within the Marine
Protected Areas (MPAs) surrounding Point Vicente. Thus far these sites have only been
monitored and will continue to be monitored as part of the experimental design of the overall
project. Three of these sites received restoration work in the past, pre-MPA, (2005-2011) i.e.,
Kaplan Cove, Long Point and Old Marineland. Restoration work was conducted on a limited basis
inside the MPA in the early part of 2012. Further restoration efforts within the MPAs might yield
benefits to the goals of the MPAs generally and specifically to the MPA cluster on PV.

Site Name Area Perimeter (Meters) Centroid
(Hectares) (Decimal Degrees)
Point Vicente East 4.8 2,812 33.740, -118.406
Kaplan Cove 2.3 1,115 33.737, -118.401
Long Point 0.82 1,240 33.736, -118.398
Old Marineland 1.2 744 33.737, -118.395
120 Reef 1.74 1,226 33.738, -118.392
Abalone Cove Kelp 9.1 3,397 33.740, -118.385
Reference Site Name Area Perimeter (Meters) Centroid
(Hectares) (Decimal Degrees)
Point Vicente West - - 33.740, -118.412
Rocky Point North - - 33.779, -118.426
Ridges North - - 33.787, -118.420
Control Site
Name
Abalone Cove West 9.10 3,397 33.740, -118.385
Marguerite Central* 5.19 2,522 33.757, -118.418

*Marguerite Central started as a control site but switched to a restoration site in 2015.




D)

Pre-Restoration Monitoring

Seven restoration sites have been established off Palos Verdes: Honeymoon Cove, Marguerite,
Underwater Arch Cove, Hawthorne, Resort Point (a geographical extension of Honeymoon Cove), White
Point, and Point Fermin. Pre-monitoring began at White Point (the current restoration site) in February
2018, although restoration activities did not commence until July 2018. Pre-restoration monitoring is
conducted on all sites per California Department of Fish and Wildlife (CDFW) standards stipulated in the
terms of the SCP. Restoration sites are divided into 30m by 30m blocks each comprised of 15 transects
(2m by 30m swath) monitored by divers. Each 30m transect is divided into 10m long segments to
estimate the density of S. purpuratus, M. franciscanus, M. pyrifera and a characterization of the
substrate and relief. In certain instances, these blocks, or the individual transects comprising them, are
truncated to fit the natural topography. This fine scale and spatially comprehensive methodology allows
for greater resolution of inter-block variability and has been beneficial to the adaptive management of
restoration teams. During the initial phase of the project (July 2013 to March 2014), all 15 transects (per
block), covering 100% of the restoration block were pre-monitored. Field staff engaged in the adaptive
management of the project noted the time-consuming nature of pre-monitoring transects in
comparison to post monitoring. To continue to make progress in a manner consistent with contracts and
the ecology of the region; program management staff at TBF, in consultation with National Oceanic and
Atmospheric Administration (NOAA) biologists, conducted an applied power analysis on the pre-
monitoring data set from July 2013 through February 2014. This analysis described no loss in statistical
strength and no gain in accuracy in continuing to pre-monitor all transects within any given restoration
block. Based on the applied power analysis, a reduction of sampling area by 66% allowed for a
substantial increase in restoration efforts, while making the pre-restoration monitoring more efficient
and cost-effective. TBF biologists pre-monitor five transects per restoration block.

The pre-restoration site map (Figure 1) is derived from data collected along the five 2m x 30m swaths
per restoration block. The values of those data are extended and applied to the adjacent transects
representing 6 x 30m swaths to estimate the total abundance of M. franciscanus and S. purpuratus pre-
restoration and display the full block area on the maps. All data collected (i.e. date, area, team
members, level of effort, M. franciscanus and S. purpuratus densities, M. pyrifera density, rugosity, and
substrate) are entered, quality assured and quality controlled (QAQC), and managed utilizing a
georeferenced database.

During Year 7 of the project, monitoring and restoration activities occurred only at White Point (Figure
1). Restoration efforts began at White Point in July 2018 and are currently ongoing, as unrestored areas
of the site are characterized by little to no fleshy macroalgae and high M. franciscanus and S. purpuratus
densities. Reef topography is predominantly middle to low relief substrate comprised of sand, cobbles,
boulders, and bedrock. The following map displays the estimated S. purpuratus densities before
restoration activities for areas restored in Year 7 [within each 10m segment]. Site maps are also included
in Appendix A.



Palos Verdes
Peninsula

Figure 1. Density of S. purpuratus (individuals per square meter) pre-restoration in White Point, Palos
Verdes, California. Black square in the inset map indicates White Point location in reference to Palos

Verdes. Average S. purpuratus density for this site is 18.83 per m?, with some localized areas exceeding
150 per m? (ESRI 2020).



E)

Monitoring of all Permitted sites

i. Monitoring Timeline

Table 6. Restoration and monitoring timeline July 2019 - August 2020.

TASK 2019 2020
July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June July Aug

Urchin Suppression
Compliance Monitoring

Response Monitoring
Analysis and Reporting

Compliance Monitoring (July 2019 through June 2020)

Monitoring is conducted weekly to bi-monthly depending upon the rate of activity of restoration teams
in the preceding week. Unfortunately, due to the novel COVID-19 global pandemic, active restoration of
the site at White Point was disrupted. This site maintains very high S. purpuratus densities in the eastern
portion of the cove, limiting macroalgae settlement and growth. In addition, the topography of this site
consists of high relief, deep crevices, and stacked boulder complexes making restoration activities
challenging. After extensive COVID-19 policy and safety protocol development, TBF biologists, staff, and
commercial sea urchin harvester partners reinitiated work at White Point in September 2020. In normal
circumstances, compliance monitoring work is performed by TBF biologists to ensure that restoration
work is achieving performance standards. The standards are (1) the initial reduction of S. purpuratus to a
density of two per square meter and (2) that this is being applied in a comprehensive manner sweeping
through an area and not leaving patches and pockets of high S. purpuratus densities. All restoration
areas are surveyed before and after S. purpuratus suppression to determine the success of restoration,
and the results are entered in a georeferenced database. Post-monitoring can be completed more
quickly than pre-monitoring as only the densities of M. franciscanus and S. purpuratus are counted. All
15 transects, covering 100% of the block are surveyed during post-monitoring to ensure that no pockets
of high-density M. franciscanus and S. purpuratus remain at the site. Figure 2 displays the estimated S.
purpuratus densities after restoration activities within each 10m segment of White Point. All restoration
sites are re-surveyed, by roaming over the area, on a quarterly to annual basis to ensure that S.
purpuratus densities remain at two per square meter and to observe the response of the biota to the
restoration actions.




Palos Verdes
Peninsula

Figure 2. Density of S. purpuratus (individuals per square meter) post-restoration in White Point, Palos
Verdes, California. Black square in the inset map indicates where the restoration area is off Palos Verdes.
Average S. purpuratus density for this site after restoration is 1.69 per m? (ESRI 2020).

Response Monitoring (June 2019 through July 2020)

This monitoring focuses on responses of the natural community to restoration activities. The focus of
this effort is subtidal utilizing an adapted Cooperative Resource Assessment of Nearshore Ecosystems
(CRANE) methodology led by the Vantuna Research Group. These data provide values relating to
production, species richness, and biomass. Gonadosomatic indices were quantified for S. purpuratus and
M. franciscanus to gather data on secondary production values for these species that play a pivotal role
in the ecology of the kelp forests and support one of California’s largest nearshore fisheries. M.
franciscanus and S. purpuratus were collected and dissected for this report in Fall 2019.



ii. Quantity of urchins removed and collected for GSI studies and justification for removal

The estimated total number of S. purpuratus culled within restoration sites is 4,244,874, therefore
reducing the overall average density from 16.74/m? to 1.48/m?. S. purpuratus density in some sites are
less than the target density of 2/m?. These low values may, in part, be attributed to habitat patchiness,
physical differences among sites, and presence or accretion of fine sediment. Table 7 below shows the
estimated number of urchins removed from each site by year.

Table 7. Estimated quantity of S. purpuratus culled by restoration site (July 1, 2013 — June 30, 2020
Specific areas restored at Underwater Arch Cove in Years 1 and 2 were re-cleared in Years 4 and 5 due to
the infiltration of S. purpuratus from a refuge population existing in a shallow tide pool.

Site Year1l Year 2 Year3 Year4 Year5 Year 6 Year7 Total by Site
Honeymoon Cove 821,425 514,811 - - - - - 1,336,236
Underwater Arch Cove| 503,189 762,649 - 35,866 9,348 - - 1,311,050
Marguerite - 378,523 151,114 47,847 - - - 577,483
Hawthorne Cove - 136,997 60,320 - 8,778 - - 206,095
Point Fermin - - 160,862 27,263 6,529 - - 194,654
Resort Point - - - - 49,632 8,559 - 58,191
White Point - - - - - 330,686 230,479 561,165
Total by Year 1,324,613 | 1,792,979 372,296 110,975 74,287 339,245 230,479 4,244,874

A total of 16 M. franciscanus and 212 S. purpuratus were collected for gonadosomatic study on
December 10, 2019. Urchins were collected from one existing kelp reference site, two restoration sites,
and one barren site.

Table 8. December 10, 2019 urchin collection for dissections.

Site Type Location M. franciscanus | S. purpuratus
Kelp Reference Lunada Bay 5 46
Restoration | Honeymoon Cove 2 54
Restoration Hawthorne 8 45
Barren White Point 1 67

Justification for Removal:

The measurement of gonad development in M. franciscanus and S. purpuratus is an important measure
of secondary production in the kelp forest ecosystem and will be used to inform adaptive management
of the restoration project and inform research related to kelp forests and associated fisheries.

ii —i: Field Condition Notes

As previously mentioned, the novel COVID-19 pandemic prevented TBF biologists, staff, and our
partner commercial sea urchin harvesters the ability to conduct restoration activity from April
through June 2020, thus limiting any additional restoration progress at White Point. Restoration
activities resumed in September 2020 and are once again on-going. As indicated elsewhere in
this report and in other communication with CDFW, field conditions such as sea state, visibility,
and oceanic conditions (wind and swell) were challenging for the restoration and monitoring
efforts for much of 2015 and winter 2016. It is also important to note that the timing of the



response monitoring for fishes and other community responses to the restoration efforts were
conducted in the late spring and early summer in 2011-2014, with only two exceptions in 2011,
(i.e., Honeymoon Cove and Point Vicente West were monitored on 1-28-2011 and 10-12-2011
respectively). In 2015, the surveys were conducted within the month of September except for
Honeymoon Cove which was surveyed on 8-19-2015. In 2016, two rounds of surveys were
conducted in spring and summer. In 2017 and 2018, all surveys were conducted in late June and
July. This shift in seasonality may affect some species differentially skewing the data. Surveys in
2019 were performed in mid-June. Surveys in 2020 were performed in late June through early
August. Perhaps more significant is the strong ENSO signature elevating sea surface
temperatures throughout 2015, with persistent surface temperatures off Palos Verdes
neighboring 20 degrees Celsius. These abnormally high temperatures are known to affect
species composition within southern California rocky reef systems. During 2019-2020, there
were similar trends in several metrics between restoration and reference sites. M. pyrifera
density, algal and invertebrate diversity, S. purpuratus, M. franciscanus and fish
densities/biomass were not significantly different between restoration and reference sites
during Year 7 of the project.



Table 9. Response monitoring (CRANE) metadata. See Appendix B for all CRANE data tables.

Survey Dates

Designation Site 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Restoration Underwater Arch Cove 2711 6/12/12 6/13/13 711114 9/23/15  6/22/16 718/17  6/22/18 6/12/19  6/26/20
Honeymoon Cove 1/28/11 3/13/12 5/31/13 712114 8/19/15  6/22/16 711817  6/22/18 6/12/19  6/24/20
Hawthorne 5/3/11 6/12/12 6/11/13  6/19/14 10/7115  9/30/16 8/25/17 711118 6/14/19  6/26/20
Marguerite Central 5/3/11 6/8/12 7/3113 _ 6/20/14 9/23/15  7/26/16 71817 7/20/18 6/28/19 7/9/20
Reference  Ridges North 8/12/11 71712 4/26/13  10/29/14 9/11/15 6/3/16 6/30/17 71118 6/12/19 7/23/20
Rocky Point North 6/24/11 6/29/12 71213 71114 9/25/15  6/10/16 6/29/17 7/6/18 6/19/19 712120
Point Vicente West 10/12/11 8/10112  4/24/13  4/18/14 9/23/15  6/22/16 7125117 7/18/18 6/14/19  8/14/20
Bottom Temperature (°C)
Designation Site 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Restoration Underwater Arch Cove 15.0 19.0 15.0 15.8 215 15.0 185 18.0 15.5 16.0
Honeymoon Cove 15.0 115 18.0 16.5 18.8 16.2 20.3 183 15.8 16.0
Hawthorne 144 19.0 17.0 17.0 21.0 18.0 16.8 20.6 16.0 15.0
Marguerite Central 15.0 17.0 17.0 20.0 22.0 14.0 20.0 20.0 18.0 19.7
Reference  Ridges North 18.0 16.6 137 19.8 21.0 15.0 179 220 16.5 126
Rocky Point North 18.0 15.0 18.0 21.0 21.0 14.3 16.8 195 16.5 17.0
Point Vicente West 11.0 19.0 13.2 135 21.0 15.2 19.7 195 16.5 16.2
Coordinates
Designation Site Latitude Longitude
Restoration Underwater Arch Cove 33.75291 -118.41499
Honeymoon Cove 33.76459 -118.42406
Hawthorme 33.75068 -118.41558
Marguerite Central 33.75694 -118.41772
Reference  Ridges North 33.78697 -118.42065
Rocky Point North 33.77966 -118.42739
Point Vicente West 33.74073 -118.41283

iii. Species Richness

Species richness is the number of unique species found at a site. The species richness values are derived
from the CRANE surveys provided by VRG. Since restoration events, species richness has increased in all
restored sites (Table 10). Though these values are slightly variable from year to year, the restored sites
post 2013 (post 2015 for Marguerite Central) do have similar richness values when compared to
reference sites.

Table 10. Fish Species Richness (total number of species).

Designation Site 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Underwater Arch Cove 6 9 6 12 8 8 11 9 9 9
. |Honeymoon Cove 0 2 4 8 5 12 7 8 8 5

Restoration K

Marguerite Central 6 10 10 9 11 11 8 9 12 9
Hawthorne 10 6 8 7 10 13 12 12 12 7
Ridges North 6 11 7 6 5 10 5 12 8 7
Reference |Rocky Point North 8 8 8 9 6 7 9 11 8 4
Point Vicente West 8 6 10 11 12 14 9 11 10 12




iv. Density of Kelp Forest and Ecosystem Species

As a measure of kelp forest density, we analyze the number of stipes per 100 m? that are greater than
one meter in height. The M. pyrifera stipe density is provided by VRG during their annual CRANE
surveys. The years after post restoration activities (2016-2020) showed an immediate increase in the M.
pyrifera stipe density for all four restoration sites (Figure 3). Increases in stipe density post-2015 are
orders of magnitudes higher than the years prior to restoration (2011-2014). M. pyrifera densities
increased in 2020 across both restoration and kelp reference sites. Differences in stipe density post-
restoration are likely explained by natural inter and intra-annual variation; e.g., kelp canopy cover,
transmissivity, temperature, nutrient availability, and upwelling It should be noted that restoration
events did coincide with a natural mass mortality event that contributed to decreased urchin density.
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Figure 3. Macrocystis pyrifera stipe density (individuals per 100 m?). Sites Underwater Arch, Honeymoon
Cove, and the majority of Hawthorne were restored as of 2015. Restoration began in 2015 at the site
Marguerite Central (previously a control site) and was completed in the Spring of 2017. M. pyrifera was
not significantly different by site designation in 2020 (t=-0.99, p=0.368).



Kelp Canopy Area and Percent Cover by Site

Since 2003, MBC Aquatic Sciences has been hired by the Central Region and Region Nine Kelp Survey
Consortium to take quarterly aerial surveys of the mainland Southern Californian kelp forests. These
kelp surveys inform the consortiums about the status of the kelp forests and serve to determine
possible impacts that dischargers and environmental variables are having on the kelp beds. These
surveys consist of digital color and infrared color photos taken of the kelp beds that are then processed
into base maps. These surveys cover approximately 354 km of the 435 km southern Californian coastline
from Ventura to the U.S/Mexico boarder (MBC 2018).

The consortiums provided TBF with the base maps of annual kelp bed maximums of the Palos Verdes
kelp beds, which can be used to show the progress of restoration off Palos Verdes. Surveys from 2011
through 2015 show an overall increase in kelp canopy acreage off the peninsula; however, kelp canopy
dropped in 2016 due to the ENSO event. In 2017, sea conditions returned to more normal state and kelp
canopy started to recover in areas where kelp was eliminated during the ENSO event. In 2018, MBC
reported kelp beds off Palos Verdes increased substantially, some of which grew to levels approaching
the maximum acreage observed since surveying began (MBC 2018).

At the close of 2019, MBC, the Central Region and Region Nine Kelp Survey Consortium made the
decision to change the reporting frequency from annually to biennially. Therefore, the data typically
made available to TBF in past years was unavailable for 2019. Thus, in this Year 7 report no overlay of
the MBC data canopy cover with TBF restoration sites was possibile. The Year 8 report will incorporate
the 2019 and 2020 data.

M. franciscanus and S. purpuratus

Both M. franciscanus and S. purpuratus densities began declining in 2013-2014 (Figures 4 & 5). Their
numbers remained low until the end of Year 5 when pulses of urchins (mainly S. purpuratus) were
observed in several areas off the peninsula. Although CRANE surveys show a sharp decline prior to
restoration activities at Marguerite Central, TBF fine-scale density data shows that our restoration
efforts did decrease purple urchin high-density patches further between 2014-2016. Decreases prior to
restoration activities could possibly be a result of early effects of the observed 2014-2015 natural
wasting event, or discrepancies in CRANE surveying. TBF suspended S. purpuratus suppression from the
fall of 2015 through the spring of 2016 to monitor the wasting event. Suppression continued in the late
spring of 2016 once lesions on M. franciscanus and S. purpuratus were no longer found and densities of
greater than 2/m? persisted within our restoration sites. M. franciscanus densities also dropped during
this time, even though TBF does not suppress this species. The decline in abundance was most likely
caused by three factors, (1) M. franciscanus and S. purpuratus wasting event, (2) commercial sea urchin
harvesters extracting the M. franciscanus for the fishery, and (3) an increase in cryptic behavior. A small
uptick in M. franciscanus and S. purpuratus were recorded during community analysis surveys for Year 5
for both species. In Year 6, we saw a small increase in M. franciscanus density and a small decrease in S.
purpuratus density. In Year 7, we saw a small decrease in both M. franciscanus and S. purpuratus
densities.
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Figure 4. M. franciscanus density (individuals per 100 m?). Sites Underwater Arch, Honeymoon Cove,
and the majority of Hawthorne were restored as of 2015. Restoration began in 2015 at the site
Marguerite Central (previously a control site) and was completed in the Spring of 2017. M. franciscanus
density was not significantly different by site designation in 2019 (t= 1.21, p= 0.281).
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Figure 5. S. purpuratus density (individuals/100 m?). Sites Underwater Arch, Honeymoon Cove, and the
majority of Hawthorne were restored as of 2015. Restoration began in 2015 at the site Marguerite
Central (previously a control site) and was completed in the Spring of 2017. S. purpuratus density was
not significantly different by site designation in 2019 (t=1.57, p = 0.213).



Panulirus interruptus
Panulirus interruptus (California Spiny Lobster) were quantified in CRANE invertebrate swaths. Prior to S.

purpuratus removal in restoration sites, P. interruptus were not found within the sites (Figure 6). There
has been a notable increase in the abundance of P. interruptus within restoration sites starting in 2016.
While the abundance in restoration sites declined in 2019, the population observed remains larger than
pre-restoration abundance levels. In 2020, the population in restored areas exceeded the population
observed in reference sites. It should be noted, however, P. interruptus abundance is highly variable
among sites and years, exemplified by the decline in population in kelp forest reference sites as well.
This decline could be attributed to two factors: (1) commercial lobster fishing pressure is heavy
throughout the Palos Verdes region, (2) P. interruptus are mobile and can select for areas based off
preferable habitat and oceanographic conditions.
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Figure 6. Mean P. interruptus density (Individuals per 100 m?) at restoration sites shown in blue
(Underwater Arch, Honeymoon Cove, Marguerite Central and Hawthorne), and kelp forest reference
sites shown in green (Ridges North, Rocky Point North, and Point Vicente West).



v. Density and biomass of kelp bass and California sheephead

Fish Data Processing

Sites were sampled over a period of several months and seasons, thus, young-of-the-year (YOY) were
removed prior to fish density calculations because they could numerically dominate the assemblage at
some sites sampled early in the season, but decline later in the year due to natural mortality. YOY were
generally defined as fishes <10 cm, except for some smaller species, where they were defined as
individuals less than between 1.5 and 5 cm based on published species-specific growth rates and expert
opinion. Total length (TL) estimates were converted to biomass using standard species-specific length-
weight conversions from the literature. YOY were not excluded from biomass calculations, as their small
size will influence biomass estimation less than abundance estimation. Density and biomass was then
summed across all three portions (bottom, midwater and canopy) of each transect, except for when the
water depth is less than 6m, meaning that the volumes of the canopy and midwater portions would
overlap, in which case no midwater portion was included. Density values were then scaled to the
number per 100m?.

Paralabrax clathratus (kelp bass) abundance and biomass has gradually increased in restoration sites
since restoration efforts were started (Figures 7 & 9). In the surveys conducted in 2018, kelp bass
density and biomass indicate an increasing trend since being restored and are on par with kelp forest
reference sites. This increased number of kelp bass could be due to a multiyear increase and persistence
of M. pyrifera within these restoration sites. During 2019 surveys, the overall kelp bass density declined
across reference and restoration sites alike, however, restoration sites retained a higher density than
kelp reference sites, indicating that suitable habitat exists post restoration activities. During 2020
surveys, the overall kelp bass density for reference sites increased, while there was a slight decline in
overall density for restoration sites. This is punctuated by a steeper decline from Marguerite Central
from 2019 to 2020, most likely associated with impacts from the increased sedimentation on the reef
resulting from the coastal bluff slough that occurred in spring 2019.

Kelp bass recruit to kelp canopy and use kelp as a refuge to hide from predators or to ambush prey.
Biomass of kelp bass from 2020 shows that the largest biomass of kelp bass is within Point Vicente MPA
site, which is markedly higher than other reference and restoration sites. This is expected as fishing is
not allowed within this area, allowing for fish to grow larger without fishing pressure. All current
restoration sites are not within MPAs; therefore, fishing is permitted. Restoration sites may have a
larger density compared to reference sites, yet smaller biomass, on account of fishing pressure for larger
sized individuals, thus leaving a high abundance of smaller sized fish in restoration sites. Excluding the
Point Vicente MPA outlier, the restoration sites show similar biomass values to reference sites.

Semicossyphus pulcher (California sheephead) abundance and biomass has been variable among
monitoring years for all sites (Figures 8 & 10). Surveys from 2020 continue to exhibit this annual
variation. However, density and biomass in restoration sites depict the same trends as kelp reference
sites, with slight increases across reference and restoration sites in 2020. This variability could be due to
the larger home ranges of CA sheephead and their more generalist ecological behavior when compared
to kelp bass.
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Figure 7. Density of P. clathratus by site type: restoration and reference. Sites Underwater Arch,
Honeymoon Cove, and the majority of Hawthorne were restored as of 2015. Restoration began in 2015
at the site Marguerite Central (previously a control site) and was completed in the Spring of 2017. P.
clathratus density was not significantly different by site designation in 2020 (t =-0.3, p = 0.786).
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Figure 8. Density of S. pulcher by site type: restoration, and reference. Sites Underwater Arch,
Honeymoon Cove, and the majority of Hawthorne were restored as of 2015. Restoration began in 2015
at the site Marguerite Central (previously a control site) and was completed in the Spring of 2017. S.
pulcher density was not significantly different by site designation in 2020 (t =-0.22, p = 0.838).
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Figure 9. Biomass of P. clathratus, per 100 m?, by site type: restoration, and reference. Sites Underwater
Arch, Honeymoon Cove, and the majority of Hawthorne were restored as of 2015. Restoration began in
2015 at the site Marguerite Central (previously a control site) and was completed in the Spring of 2017.
P. clathratus biomass was not significantly different by site designation in 2020. (t =-0.7, p = 0.555)
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Figure 10. Biomass of S. pulcher, per 100 m?, by site type: restoration, and reference. Sites Underwater
Arch, Honeymoon Cove, and the majority of Hawthorne were restored as of 2015. Restoration began in
2015 at the site Marguerite Central (previously a control site) and was completed in the Spring of 2017.
S. pulcher biomass was not significantly different by site designation in 2020 (t =-0.17, p = 0.873).



Community Diversity

The Shannon-Wiener diversity index came from information theory and measures the order (or
disorder) observed within a particular system. The Simpson’s index of diversity accounts for both
richness and proportion of each species. It has been a useful tool to terrestrial and aquatic ecologists.
Both diversity measures show a rapid increase of algal/invertebrate diversity once restoration was
completed in Underwater Arch, Honeymoon Cove, and Hawthorne (Figure 11). After restoration activity,
diversity measures show little fluctuation, apart from Marguerite Central, as it appears diversity
decreased slightly in the year after restoration was completed. In 2020, restoration sites mimic diversity
index measurements for kelp reference sites for both algal/invertebrate diversity and fish diversity
(Figure 11 & 12).
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Figure 11. Algal and invertebrate diversity at Restoration sites (Underwater Arch, Honeymoon Cove,
Marguerite Central and Hawthorne)) and Reference sites (Ridges North, Rocky Point North, and Point
Vicente West). Sites Underwater Arch, Honeymoon Cove, and the majority of Hawthorne were restored
as of 2015. Restoration began in 2015 at the site Marguerite Central (previously a control site) and was
completed in the Spring of 2017. Diversity measures used are Shannon-Wiener (t= 1.17, p= 0.318) (Left)
and Simpson’s Diversity (t= 0.86, p= 0.442) (Right).
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Figure 12. Fish diversity at Restoration sites (Underwater Arch, Honeymoon Cove, Marguerite Central
and Hawthorne) and Reference sites (Ridges North, Rocky Point North, and Point Vicente West). Sites
Underwater Arch, Honeymoon Cove, and the majority of Hawthorne were restored as of 2015.
Restoration began in 2015 at the site Marguerite Central (previously a control site) and was completed
in the Spring of 2017. Diversity measures used are Shannon-Wiener (t= 1.17, p= 0.318) (Left) and
Simpson’s Diversity (t= 0.86, p= 0.442) (Right).



vi. Gonadosomatic indices of M. franciscanus and S. purpuratus

The measurement of gonad development in M. franciscanus and S. purpuratus is an important indicator
of secondary production in the kelp forest ecosystem and is used to inform adaptive management of the
restoration project and research related to kelp forests and associated fisheries. The gonadosomatic
index is the ratio of the weight of the gonad to the overall weight of the animal.

A total of 16 M. franciscanus and 212 S. purpuratus were collected for the gonadosomatic study from
2019 (Table 8). All M. franciscanus and S. purpuratus test diameters were measured to the nearest mm
(Figures 13 and 15) and weighed to the nearest 0.01 gram. In addition, gonads were carefully removed
from all individuals and weighed to the nearest 0.01 gram. M. franciscanus and S. purpuratus were
collected from an existing kelp forest reference site (Lunada Bay), two restoration sites (Hawthorne and
Honeymoon Cove), and a barren site (White Point) on December 10, 2019 to compare gonad indices
among site types.

For M. franciscanus, the diameter of the test (F,,29=0.67, p=0.526) was not found to be significantly
different between the kelp, restoration and barren sites. The gonadosomatic indices (F,,29=6.05,
p=0.0064) of kelp reference and restoration sites, as well as kelp reference and barrens were found to
be significantly different; however, restoration and barren gonadosomatic indices were not significantly
different (Figures 13 and 14). Only five M. franciscanus were collected at our kelp forest reference site,
one M. franciscanus collected at our barren site, and 10 M. franciscanus collected at the restoration
sites. These low numbers likely highly impacted both the comparison of the test diameter, as well as the
gonad weight to test diameter relationship between the sites.

For S. purpuratus, both the diameter of the test (F2,42:=9.58, p<0.00001) and the gonadosomatic indices
(F2,421=179.8, p <0.00001) were significantly different between the kelp reference and barren, as well as
the restoration and barren sites, but the kelp reference and restoration sites were not significantly
different (Figures 15, 16, & 17). A posthoc Tukey’s test revealed that the kelp reference site and the
restoration sites were relatively similar to each other.
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Figure 13. Histogram of M. franciscanus diameter collected in kelp reference (green), restoration (blue),
and barren (red) sites with data from collections during Fall 2019. The dotted red line indicates the
minimum size limit (83.5 mm) for the M. franciscanus fishery.
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Figure 14. Gonadosomatic index of M. franciscanus compared among kelp reference (green bar),
restoration (blue bar), and barren (red bar) sites. The gonadosomatic indices (F,,29=6.05, p=0.0064) of
kelp reference and restoration sites, as well as kelp reference and barrens were found to be significantly
different; however, restoration and barren gonadosomatic indices were not significantly different.
Letters above error bars show which sites are significantly different from each other from a Tukey’s
posthoc test.
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Figure 15. Histogram of S. purpuratus test diameter collected in kelp reference (green), restoration
(blue), and barren (red) sites with data from collections during Fall 2019.
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Figure 16. Gonadosomatic index of S. purpuratus compared among kelp reference (green bar),
restoration (green bar), and barren sites (red bar). The gonadosomatic index (F2,42:1=179.8, p <0.00001)
were significantly different among the kelp reference and barren, as well as the restoration and barren
sites, but the kelp reference and restoration sites were not significantly different. A posthoc Tukey’s test
revealed that the kelp reference site and the restoration sites were relatively similar to each other.
Letters above error bars show which sites are significantly different from each other from a Tukey’s
posthoc test.
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Figure 17. Relationship between S. purpuratus gonad weight (g) and test diameter (mm) in site
designations kelp reference (green), restoration (blue), and barren (red) sites from 2019 collections.



F)

Analysis of the ecosystem response to the restoration activities at the restoration site, including species
that are key indicators of a healthy and persistent kelp forest ecosystem.

Community Analysis Methods

As part of the quantitative characterization of the community structure of the reefs, we examined
patterns in the overall kelp forest community using fish and swath (benthic macroinvertebrates and
kelps) data combined. Density metrics were square root transformed (fish and swath data). Two-
dimensional, non-metric multidimensional scaling (nMDS) was used to examine patterns among kelp
forest communities (Figure 18) and fish biomass (Figure 19) at sites using the ‘metaMDS’ function in the
‘vegan’ package (Oksanen et al. 2016) in R (R Core Team 2016). A similarity matrix constructed with
transformed taxon-specific values (site means for each site/sampling period combination) and the Bray-
Curtis similarity. To provide context to the observed relationships amongst sites, patterns of taxa
densities were visualized across the nMDS ordination plots using the ‘ordisurf’ function in the R package
‘vegan’ (Oksanen et al. 2016) which fits a smooth surface using generalized additive modeling (GAM)
with thin plate splines (Wood 2003, Oksanen et al. 2016). These visualizations help inform drivers of
community structure as seen in nMDS plots.
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Figure 18. Non-metric multidimensional ordination plot of kelp forest communities (numerical density
swath algae using stipes) using Bray-Curtis similarity based on the square-root transformed mean taxa
density for each site/sampling period combination. Site designation is indicated by color, survey year is
indicated by the transparency of each point with earlier dates more transparent and later dates nearly
opaque. Sites with larger numbers of echinoderms are present at the left side of the plot while sites that
have larger numbers of kelps are present on the right. These main drivers explain the bulk of the
transitions/progressions within the community displayed in this plot.
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Figure 19. Non-metric multidimensional ordination plot of fish biomass using Bray-Curtis similarity
based on the square-root transformed mean taxa density for each site/sampling period combination.
Site designation is indicated by color; survey year is indicated by the transparency of each point with
earlier dates more transparent and later dates nearly opaque. Fish communities depict an evolution of
restoration sites, forming a large significant cluster near kelp reference sites, which are visibly
differentiated from pre-restoration values.

Community Analysis Results

The two plots presented above display a convergence over time in which restoration sites begin to
resemble, structurally, the reference sites. The earlier years depicted in these plots show that the
converse was true in advance of restoration efforts; that the structure of restoration sites, pre
restoration, resembled control sites (sites that contained urchin barrens for comparison early in the
project).

In this case, the interpretation of these results allows for a finer scale evaluation of the time of the shifts
in community structure displayed more clearly in figure 18 than in figure 19. What we see in figure 18
suggests the movement of the restoration sites towards a more reference-like structure which occurs
over time after restoration completion.

Two restoration sites were completed near the close of 2014. The community analyses show a
convergence of restoration and reference sites in 2014 as the restoration sites changed from barrens to
young kelp forests. The occurrence of a mass wasting event of M. franciscanus and S. purpuratus
happened with considerable severity off the Palos Verdes Peninsula impacting reference and restoration
sites in 2015 into 2016. This further loss of top down pressure from M. franciscanus and S. purpuratus
on the development of M. pyrifera and other macroalgae and the freeing from competition, of other
grazers, likely caused this progression from barren to young kelp forest to continue in 2015-2016.

These plots indicate, with confidence, that the loss of M. franciscanus and S. purpuratus i.e. a reduction
in their density, allows for the growth and development of other benthic organisms that are no longer
limited by the direct and indirect impacts of M. franciscanus and S. purpuratus grazing. Further



monitoring of these sites may, over time, detect trends that elucidate more subtle or developing
relationships in community structure. Likely, these characteristics will be displayed via divergence of
these site types over time, or in response to other forms of disturbance and other stressors.

The plots also support the idea that S. purpuratus suppression creates similar near-term changes in
community structure to widespread reductions in M. franciscanus and S. purpuratus due to disease.
These different causes of M. franciscanus and S. purpuratus density reduction have both driven formerly
barren reef states to resemble reference sites (i.e. sites with persistent kelp and more complex
community structure). These results suggest that in the near-term, S. purpuratus suppression is a fair
mimic for natural losses in M. franciscanus and S. purpuratus populations driving kelp forest community
structure on a local scale.



G)

Evaluation of successes and failures of restoration activities for each site

A few statements can be made that generally describe conditions during this project that directly
impacted the amount, type, and accuracy of work conducted. 2015-2016 proved to be one of the most
powerful El Nifio signatures recorded on the west coast of the United States. This El Nifio event
followed, and was perhaps strengthened, by the persistence of “the blob”, a large area of atypically
warm ocean surface water that impacted the California Current. For Palos Verdes and elsewhere in
southern California, these environmental factors resulted in abnormally high sea surface temperatures,
which were only punctuated periodically by localized upwelling events. The thermal related stress
associated with the confluence of these stressors slowed or prevented the development of M. pyrifera
and other macroalgae and may have contributed to the virulence and mass wasting of several genera of
Pisaster spp. and in the fall of 2015, a seemingly similar, yet less widespread or virulent wasting of M.
franciscanus and S. purpuratus. In 2016, the project failed to collect a sufficient number of M.
franciscanus, and individuals were not collected from barren sites for dissections. During 2019, the
project was only able to collect one M. franciscanus from a barren site. There are currently no signs of
widespread mass wasting disease off Palos Verdes. During pre and post monitoring surveys, divers
utilize flashlights to more accurately and efficiently quantify M. franciscanus and S. purpuratus in active
restoration sites.

During 2017-2018 (Year 5 of the project), M. franciscanus and S. purpuratus densities rose noticeably,
and TBF chose several areas of concern to begin restoration efforts. These sites (mainly Resort Point and
a new area of Hawthorne, as well as minor work in Underwater Arch Cove and Point Fermin) consisted
of high S. purpuratus densities, but also supported high biomass of fish, invertebrates, and M. pyrifera.
The work done in these sites were to cull S. purpuratus numbers to prevent these reefs from reverting
to pre-2015 barrens. Near the beginning of summer 2018 more reef was identified as having high S.
purpuratus densities, and White Point was chosen as the most problematic. This site had developed into
an S. purpuratus barren, devoid of macroalgae besides coralline algae, and averaging 24.24 S.
purpuratus per m2, with some isolated patches reaching densities of 150+ per m2. TBF began monitoring
and restoring this site in the summer of 2018. Restoration at White Point is in progress but incomplete
at of the close of the Year 7 timeframe.

Underwater Arch Cove

Underwater Arch Cove was considered restored in January 2015, being that no expanses of the reef
were observed to support densities of S. purpuratus in excess of two per square meter. However, in Year
4 of the project, one locale within Underwater Arch Cove showed higher than two S. purpuratus per
square meter during the spring and summer of 2016. The Bay Foundation re-monitored Underwater
Arch to determine the expansion of S. purpuratus in the area and to decide if suppression should be
started again. The expansion of S. purpuratus was found to be relatively contained near the large
tidepool at the north edge of the site. The renewed restoration of this section of Underwater Arch took
place from 4/7/17 — 6/20/17, which reduced S. purpuratus densities from 4.83/m? to 1.07/m? across a
total area of 2.34 acres.

In Year 5 of the project, the Underwater Arch restoration site was similar to kelp reference sites in terms
of M. pyrifera, fish biomass, and S. purpuratus densities. However, during annual monitoring at the end
of Year 5, increased densities were observed further east of the area revisited in Year 4. TBF biologists
culled S. purpuratus from 0.28 acres on 7/6/17. This area was surveyed in the fall of 2018 and may
require S. purpuratus suppression to reestablish the kelp forest. At this time no additional restoration
efforts have been conducted at the site, but divers will continue to monitor the area and assess S.



purpuratus densities. In Year 7, we observed small pockets of reef exhibiting high S. purpuratus
densities. Analyses showed fish community diversity (both Shannon-Wiener and Simpson’s indexes)
decreased, while algae/invertebrate community diversity (both Shannon-Wiener and Simpson’s indexes)
increased from Year 6. However, in both cases, the site maintained values well above pre-restoration.
We plan to closely observe urchin density in Year 8 in the case that restoration actions be taken.

In July 2020, georeferenced photos and video were taken to visually represent the changes over time at
Underwater Arch.

Honeymoon Cove

Honeymoon cove restoration was completed in January 2015. Surveys have since been conducted by
TBF personnel periodically to quickly assess the condition of the reefs found in this cove. This will
continue in the coming year to ensure that the restoration target of two S. purpuratus per square meter
are maintained and that M. pyrifera and other biota are persisting in the area. Due to the high success of
restoration at Honeymoon Cove, The Bay Foundation and NOAA biologists outplanted 827 Haliotis
fulgens (Green Abalone) onto a section of restored reef in June 2015. Subsequent monitoring was
conducted in March of 2017 identifying several emergent H. fulgens on the site. The last survey
completed in August 2019 found approximately 250 H. fulgens within the 10 by 10-meter outplant site.
Prior to outplanting, only 10 H. fulgens were found within the site. Genetic analysis based upon tissue
samples taken in situ is ongoing to determine whether these emergent H. fulgens are in whole or in part
the same organisms that were outplanted.

In June 2020, Honeymoon Cove community monitoring was performed by the VRG. The increase in
biomass of P. clathratus has been gradual since restoration completion. Fish and algae/invertebrate
community diversities (both Shannon-Wiener and Simpson’s indexes) have been variable year to year,
but the general trend depicts increases since restoration.

Georeferenced photos and video were collected in July 2020 to document conditions within the site
over time. See Appendix C.

Resort Point

Resort Point is a deep site (40-60 feet) located offshore of Honeymoon Cove. Resort Point has had
persistent kelp since the start of this project, yet consisted of high M. franciscanus and S. purpuratus
densities. The reef complex that exists between Honeymoon Cove and Resort Point has no barrier to M.
franciscanus and S. purpuratus movement e.g., sand channels and high energy shallow prominences.
Restoration blocks along the western edge of Honeymoon Cove were separated by a thin line of existing
kelp approximately 45 m wide. Both the continuity of this high concentration of urchins to Honeymoon
Cove and lack of an incursion barrier encouraged urchin suppression at Resort Point. Urchin suppression
focused on protecting this existing kelp forest in a total of 4 acres. Divers will continue to visit this site
periodically to ensure densities have not increased.

The greater average depth of Resort Point and the presence of kelp make it a statistical outlier in the
overall monitoring scheme developed to inform the project. Thus, to determine the effect of the work
conducted at Resort Point and Honeymoon Cove, we have relied on the data collected within
Honeymoon Cove, consistent with other depth profiles, for comparability across restoration and
reference sites. Though separately defined operationally, we consider these two sites to function
statistically as a single unit.



Photo points and video transects were not established in this site due to its proximity to Honeymoon
Cove.

Hawthorne

The Hawthorne restoration site exists south of Underwater Arch Cove. It is a section of exposed coast
comprised of large bedrock shelves, as well as boulders forming low lying expanses of unconsolidated
reef. In spring 2017, an area slightly less than an acre (0.89 acres) outside of the previously restored area
was found supporting high densities of S. purpuratus and was cleared during the summer of 2017.
Hawthorne has proven to be a very dynamic site with high wave energy and considerable sediment
movement. Consequently, the neighboring reef that initially surrounded the large rock and pinnacle in
the HAW 2 block (where the permanent photo point is located), has been covered as a result of
sediment transport.

In Year 7, fish community diversity (both Shannon-Wiener and Simpson’s indexes) displayed a decrease,
while algae/invertebrate community diversity (both Shannon-Wiener and Simpson’s indexes) increased
slightly, maintaining values significantly higher than pre-restoration values.

Georeferenced photos and video were collected in July 2020. However extremely poor visibility
inhibited quality photos, leading TBF biologists to advantageously capture photo point pictures in
November 2020 in order to document conditions within the site over time. See Appendix C.

Marguerite

At the start of this project, Marguerite was designated to serve as a control (barren) site throughout the
permitted work. However, in 2015, discussions with CDFW resulted in the expansion of restoration
actions to Marguerite. Marguerite is an expansive area of reef located between Honeymoon Cove to the
north and Underwater Arch Cove to the south. Restoration actions were initiated in December of 2015
at the southern and northern terminuses of this site. At times, three restoration teams were working in
this area as they progressed towards one another reducing the gap between them. This site is openly
exposed to northerly and westerly swell energy and receives some wrap around from south westerly
energy. This site is comprised of high relief reef with semi vertical walls, 20-30 feet in height extending
from the sea floor to the surface. Between these reefs, expansive boulder fields and some sandy
expanses exist. The shoreline is defined by bench-like bedrock or cobble beaches. The physical structure
of this site supports higher rates of fish production and increased diversity of benthic organisms due to
its heterogeneity.

Although Figures 4 and 5 show a complete lack of M. franciscanus and S. purpuratus throughout the 3
years of restoration activities (2015-2017), the fine-scale density surveys completed by TBF in the
Marguerite site showed that densities of purple urchins remained above 2/m?2. Year 2 pre-restoration
density of S. purpuratus was 19.52/m?, Year 3 pre-restoration density of S. purpuratus was 11.06/m?,
and Year 4 pre-restoration density of S. purpuratus was 3.33/m?, all representative densities associated
with urchin barrens. In Year 7, fish community diversity (both Shannon-Wiener and Simpson’s indexes)
displayed a slight decrease, while algae/invertebrate community diversity (both Shannon-Wiener and
Simpson’s indexes) increased. Fish diversity has remained high at this site throughout monitoring due to
its physical structure. However, algae/invertebrate diversity has significantly increased since restoration.



Photos and videos for marguerite were collected in summer 2020 and will continue to visit the site at
least annually.

Point Fermin

Point Fermin is near the southeastern terminus of the Palos Verdes Peninsula. Restoration actions were
started in July of 2015 and continued through February 2016 but were then suspended until October
2016. Approximately four (3.93) acres were restored in those few months, clearing a barren that is
roughly central to the shallow expanses of the reef complex. Restoration activities resumed in October
2016 through December 2016, clearing 1.35 acres of reef. An additional 0.22 acres were restored in July
2017. This area is low relief, largely tabular, and dominated by soft sedimentary rock, making it very
different from the other restoration sites. In addition, Point Fermin is sheltered from northerly and
westerly swells, but is directly exposed to southerly and some south westerly wave energy. The
restoration efforts at Fermin have resulted in the development of M. pyrifera, other macroalgae and
several phyla of sessile life on the reef. While initial restoration activities yielded positive results,
culminating with a 98% canopy cover in 2017 according to MBC data, during the Year 6 reporting period,
TBF staff discovered high densities of S. purpuratus, resulting in a shift back towards a barren state. This
phase shift can best be explained by two factors: (1) during restoration efforts a large S. purpuratus
recruitment pulse occurred where many individuals were observed in the 0.5-1cm range making
comprehensive and targeted suppression difficult, and (2) the site contains several long channels
inshore with deep crevices occupied with larger S. purpuratus. Therefore, TBF staff speculate that
intrusion from this area into the site may have contributed to the shift back towards a barren state.

Similar to White Point, CRANE surveys were never conducted for Point Fermin, due to different
exposure, substrate characteristics, and the unsettled condition of the site from start and stop
restoration actions. As restoration work is required to address the current barren state of the reef at
Point Fermin and proposed to continue for Year 8 of the project, CRANE surveys will be conducted
moving forward, beginning in 2021. Data collected and analyzed for the restoration efforts at Point
Fermin will be used solely to describe the condition and trends within this site over time.

Photos and videos for Point Fermin were collected in July 2020. The photos and videos from Point
Fermin, in previous years, quite convincingly display the changes resulting from the S. purpuratus
suppression in that site, and further display the consequences of refuge S. purpuratus populations.
Additional area at Point Fermin will be targeted during Year 8 of the project.

White Point

White Point is a section of exposed coast located north of Point Fermin and has a depth profile that
ranges from 5-35 feet. The White Point restoration site was established in the summer of 2018 due to
the high density of M. franciscanus and S. purpuratus. At the close of the Year 6 reporting period, 3.11
acres out of an estimated 9.93 acres have been cleared of excess S. purpuratus. In Year 7 of the project,
an additional 4.38 acres were restored, and further surveys expanded the estimated barren area from
9.93 to 15 acres. The substrate of the area is primarily comprised of bedrock and scattered boulder
cover, with various pinnacles becoming exposed during low tide. In addition, there are significant sand
channels interspersed within the site. Community response monitoring for White Point was delayed a
year due to funding and was monitored for the first time in August 2020.

CRANE surveys were never conducted within White Point due the proximity of standing kelp along the
perimeter of the barren and the exposure of the site. The distance identified at the outset of the project
for the entirety of two CRANE transects, at fixed depths, comprising 60 meters in length, was to be at



least 20 meters from the edge of existing kelp. The configuration of the barren at White Point, and the
topography, did not accommodate the necessary distance and would have skewed the results. In 2020,
CRANE surveys were conducted for the first time as the distance to existing kelp was determined to be
sufficiently distant to not compromise the data, due to edge effects (Table 11). In addition, White Point
and Point Fermin share a different exposure than the near contiguous efforts located further to the
north and west. This difference may cause localized responses due to differences in wave energy,
upwelling, wind, turbidity, and (based upon observations) transmissivity and possible recruitment
events. For these additional factors, data will be collected moving forward but will not be analyzed to
determine the overall trend of restoration sites at Palos Verdes. The data will solely be used to describe
the condition of the restoration site at White Point over time.

Table 11. Community analysis monitoring data for White Point.

White Point Crane Data - September 22, 2020

Analysis 2020
Coordinates:

Latitude 33.71287

Longitude -118.3159
Temperature (°C) 17.5
Fish Richness 10
Fish Diversity H 2.029
Fish Diversity 1-D 0.83
Fish Density:

Paralabrax clathratus (/100m?) 21+04

Semicossyphus pulcher (/100m?) 1304
Fish Biomass:

Paralabrax clathratus (g/100m?) 373.3+108.5

Semicossyphus pulcher (g/100m?) 402.2 £ 220.6
Swath Diversity H 0.875
Swath Diversity 1-D 0.35
Swath Density:

Macrocystis pyrifera stipes (/100m?) 3317

Panulirus interruptus -

Strongylocentrotus franciscanus (/100m?) 42+42

Strongylocentrotus purpuratus (/100m?) 510 + 278

Photos for White Point were collected in June 2020, depicting the emergence of understory algae
(Dictyopoteris sp., Zonaria sp., Eisenia arborea, and other brown and red algae), indicating the initial
transition away from a barren state. The White Point permanent video transect was established in
summer 2019. Even with a one-year difference since the video transect recorded in 2020, the
emergence of algae is stark. Restoration work will continue into Year 8.

Note: Figure 20 on the following page displays all the restoration sites on the same map for a
comprehensive look at the scale of the project in relation to the Palos Verdes peninsula.
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Figure 20. Urchin barrens as mapped in 2010 and areas restored, representing a possible expansion

and/or shift of urchin barrens. The locations of urchin barren areas are in pink, restoration areas
completed in Years 1 through 6 are green, and restoration areas in Year 7 are blue. (ESRI 2020)

Geo-referenced images before and after restoration activities
See Appendix C— High resolution photos and video files

Between July 1, 2013 and November 11, 2020, photos and video were taken at various locations within
six restoration sites both pre and post restoration efforts (Table 10). The GPS coordinates of these
photos and videos are listed in Appendix C. Additionally, maps displaying their locations within each site
are provided. All photos and video files will be shared by request, see Appendix C.

Permanent photo points have been identified in six sites, which will be photographed over time. These
locations were chosen because of either a unique geological feature or frequency of diving due to other
projects occurring in the area. Some sites have distinct, recognizable rock structures, but once kelp
recruits back into the area these features are often obscured. Video transects were also established in
each site starting from a known GPS coordinate and laying 30m transect tapes at a predetermined
heading. The paths of these video transects and photo points are mapped in Appendix C. We aim to
increase our efficiency by revisiting the permanent photo points and a select subset of transects for
video at minimum once per year during late summer to early winter (July to November), providing an
overview of the conditions and response within each site. Full video transects for 2020 have been



recorded and time-lapse videos were edited together using one 30m segment to show changes over

time within each site.

Table 12. Permanent photo point selections in restoration sites.

Restoration Site Latitude |Longitude Notes

Honeymoon Cove - T2 33.76426 | -118.4237 East-west running ridge

Honeymoon Cove - R5 33.7653 | -118.4242 Haliotis fulgens outplant site monitored annually
Marguerite - T16 33.75756 | -118.4178 Annual surveys conducted

Underwater Arch J1-J2-T7 | 33.7526 | -118.4146 Original video transect, repeated annually
Hawthorne - T2 33.75064 | -118.4161 Large pinnacle within block 2

Point Fermin - J7 33.70303 | -118.2902 North-south running ridge
White Point - T12 33.71297 | -118.3165 | Large boulder 7meters 0 degrees from block 12 smile
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Appendix A: Palos Verdes Kelp Restoration Project Map Images
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Map Al. Overview of the project area along the Palos Verdes Peninsula showing the urchin barren extent (pink) mapped in 2010. The locations
of restoration areas completed in Years 1 through 6 are in green. Areas restored in Year 7 are in blue. (ESRI 2019)



Pre and Post Restoration Urchin Density Maps — July 1, 2019 through June 30, 2020
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Map A2. Density of S. purpuratus (individuals per square meter) pre-restoration at White Point, Palos Verdes, California. Average S. purpuratus
density for this site was 18.83 per m?, with some localized areas exceeding 150 per m?. The area highlighted in green was restored in Year 6.
(ESRI 2019)
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Map A3. Density of S. purpuratus (individuals per square meter) post-restoration at White Point, Palos Verdes, California. Average S. purpuratus
density for this site after restoration was 1.69 per m2. The area highlighted in green was restored in Year 6. (ESRI 2019)



Appendix B: CRANE Data Tables 2011 - 2020.

Restoration began at the end of 2014 leading into 2015 at the site Marguerite Central (previously a control site) and was completed in the winter of 2016.

Marguerite Central is designated as Restoration for the 2017 surveys.

Table B1. CRANE Survey Metadata.

Survey Dates

Designation Site 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Restoration Underwater Arch Cove 2711 6/12112  6/13/13 711114  9/23115  6/22116 71817  6/22118 6/12119  6/26/20
Honeymoon Cove 1/28/11 3/13M12  5/3113 72114 81915  6/2216  7M8MT  6/22118  6/12119  6/24/20
Hawthorne 5/3/11 6/12112 61113  6/19114  10/715  9/30116  8/2517 71118  6/14119  6/26/20
Marguerite Central 513111 6/8/12 7/3/13 6/20/14 9/23/15 7/26/116 1817 7/20/18 6/28/19 7/9/20

Reference  Ridges North 8/12/11 71712 4/26113 10/29114  9/11/15 6/316  6/3017 7M118 61219  7/23/20
Rocky Point North 6/24/11 6/29/12 712113 71114 9/25/15 6/10/16 629117 7/6/18 6/19/19 712120
Point Vicente West 10/12/11 8/10112  4/24113 41814  9/23115  6/22116  7/2517  7/18/18  6/14119  8/14/20
Bottom Temperature (°C)

Designation_Site 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Restoration Underwater Arch Cove 15.0 19.0 15.0 15.8 215 15.0 18.5 18.0 185 16.0
Honeymoon Cove 15.0 11.5 18.0 16.5 18.8 16.2 20.3 18.3 15.8 16.0
Hawthorne 14.4 19.0 17.0 17.0 210 18.0 16.8 20.6 16.0 15.0
Marguerite Central 15.0 17.0 17.0 20.0 220 14.0 20.0 20.0 18.0 19.7

Reference  Ridges North 18.0 16.6 13.7 19.8 210 15.0 179 22.0 16.5 12.6
Rocky Point North 18.0 15.0 18.0 21.0 210 14.3 16.8 19.5 16.5 17.0
Point Vicente West 11.0 19.0 13.2 13.5 210 15.2 19.7 19.5 16.5 16.2

Designation

Coordinates
Site

Latitude Longitude

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome

Marguerite Central

33.75291 -118.41499
33.76459 -118.42406
33.75068 -118.41558
33.75694 -118.41772

Reference

Ridges North
Rocky Point North
Point Vicente West

33.78697 -118.42065
33.77966 -118.42739
33.74073 -118.41283



Table B2. Fish Species Richness (total number of species).

Designation Site 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Underwater Arch Cove b 9 b 12 8 8 11 9 9 9
: Honeymoon Cove 0 2 4 8 5 12 7 8 8 5

Restoration

Marguerite Central b 10 10 9 11 11 8 9 12 9
Hawthorne 10 6 8 7 10 13 12 12 12 7
Ridges North 6 11 7 6 5 10 5 12 8 7
Reference [Rocky Point North 8 8 8 9 6 7 9 11 8 4
Point Vicente West 8 6 10 11 12 14 9 11 10 12

Yellow indicates when the three original restoration sites (Underwater Arch, Honeymoon Cove, and Hawthorne Restoration) were completed. Marguerite
Central, initially a control site, was converted to a restoration site and was completed in 2016.



Table B3. Density of kelp, understory algal species, and invertebrates (individuals per 100 meters squared).

700 mi° £ SE
Epucing Designaticn Sitw 211 212 2013 2014 2015 2016 217 2018 2019 2020
Anthoplapra sofs Reslpration Underwater Arch Cove 52554 1152517 242+ 0B B35 42225 2LEeTS 197 =90 21208 33z 24 -
Honeymoon Cove - 5% 1.7 1.721.7 - 25216 - 0.6+08 - -
Harwthofrs 418.3 + 406.3 433267 10+ B3 17417 a7es 424285 13+33 Bix2d 1 Fsd -
Marguerils Central FRIT £ 525 3417 £ 208 85.83 + 0.2 3333 3 10. 1687 +.0 | 3EG7T £159 754 8
Relerence Ridges North ~ 1.7+17 — = = = = = =
Rcky Poinl Moeth QEL0E = = - = G = = . .
Paint Vicenls Wes! A58 +4.2 5561 77.5 1442 + 44.2 185.3 4 6.7 06408 56417 - 17412 0.4 404 .67 £ 50
Aptyas calforrics Rssioration Undenwater Arch Cove - - - 42425 - O.d+ 04 08 eTS - 04404 -
Honeyrmooan Cove - 0.6x0E 0EL0E 0B+08 - - - - -
Hirathorme 0E+0E — 0E+0E L B - 25425 - - - —
Marguerile Cantral 41T 242 — - - TS & 27
Relerence Ridges Morth - -
Rocky Poinl Morth ~ = - 06105
aind Vicenls Weasl == = — = = == ==
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942+ 326

410,68+ 1825

166.67 = 1.7
GE5.67 £ 66.3
152.5 1 42.5
G07.5 + 325.6

Referenoe

Ridges North
Rocky Paint Mosth
Paind Visenls Weas

830.B+ 3158
1084.2 £ 107.5
4492 £ 210.2

SE0x1BG.T
23520
185 £ 36.7

5317470

9E6.T £ 196.7

1367+ 8.3

1097.5 = 619.2

B0 8.7 30 e 55
187.54 182

5+ 18.3 158.2 + §3.2

J25+ 125
1B2.7 £ 120.5
147,71+ 112.5

Se0e181Y
S44.2 1192
SBS.E168.2

506.2 1 88.6
821.3+118
JE3.E 4 58.9

TS
315 & 1091
3B8.3 1 56.1

33833 £ 13.3
845,67 £ 36.3
772.54 108.2

Magaelrass wooss

Resioratian

Underwatar Arch Cave
Hanemroan Cave
Hrathorme
Marguerils Central

25+08
QE+0E

0ELDE

QEL0E
0E10E 42108
QEL0E 28425

— A5+ A

5 & 5

313« 54
5&38

15854

7417 £330

133+ 133
2BT7=B3
52502
S0A3x235

G863« 1TB
11284245
902 & 15
9083  32.5

533 e 747
154 B9
442+ B3
S5+ 12.5

2417+ 58
S00e 1.7

1787 2 8.7
165.0 4 D67

Rslerence

Ridges Morth
Aiocky Poinl Mosth
Baind Vicents Wesi

15+ 13.3
2T5eB2

8720
258842

08108 1310
— 1740

13213
081 0E

OELDE
33117

1712
2113
54414

13204
08205
163+ 58

A3+ A
47.5 & 19.2

Magalford cranuiila

Restoratian

er Arch Cove

Uriderw

Honeyrmoar Cove
HiraThorme

Marpuerils Central

Q8+0E

75+08

25108
1740
517

167 £47

QEL0E QELDE
QEs0E
13217

1.67£17 A3+ A

OQE0DE

Relerence

Ridges Narth
Rocky Poinl Morth
Paind Vieenbs Was!

167 &7

175+25

25225
a87+17

QEBL0E -
43417 =

2.08 98

Muites calormit

REsloration

Underwaler Arch Cave
Honeyrmoan Tave
Hawthoerne
Marguerile Cemrai

Ruference

Ridges North
Rocky Poinl Morth
Paind Viceehs Weast

Neobarmays spadicas

Resioration

Undenwater Arch Cove
Honeyrmoan Cave
Harwrlhorme
Marguesile Central

Referenoe

Ridges Xorth
Rocky Paint Morth
Paind Vicenbs Weas

Narriais pornist

Resioratian

Urderwatar Arch Cave
Haneroan Cave
Hrathoeme
Mapuerite Caentral

0.E2DE

142« 125

DELDE

Raslerence

Ridges Narth
Aocky Poinl Mesth
Baind Vicenls Wasl

Oefopus Mimacwiaes

Restoration

o

Underwater Archy Cave
Haneyrmoar Cove
Haathorme
Marpuerils Central

= A3+ A

B3+ 8

Relerence

Ridges North
Rocky Poinl Morth

— JBx0E

Oksnia rogaces

REsloration

} Cave
rioneymoan Cave
Hirwihorme
Marguerils Centrai

Riference

Ridges North
Rocky Poinl North
Paind Viceels Weast

Fanuirus irmderrapias

Resioration

Undenwater Arch Cove
Honeyrmoan Cave
Harwelhorme
Marguerils Central

04104
Q8205
83283

QEx0E
8725

17412
04204
1.7+1.2
1.7£17

04404

1741

167 1.7
A3t A
25+ 4
4.7 =35

Referenoe

Ridges North
Rocky Paint Morth
Paind Vicenhs Weas!

17217

08108

Q4204
04404
33218

A3+ A




Paraslehepus pahamanss

Resioratian

Underwaler Arch Cave
Honernoan Cave
Harad o
Marguesile Cantral

25408
0E+0E
QE+0E
417225

25108
1.7+0
SEI =42

1.7:17
25125
A3+ 4

17217
42325

A2+ 4

QE20E

J4404

04404

Rislirprce

Ridges North
Rpcky Poil Morth
Bain! Vieenhs Wasi

D8t 0E

17117 OELDE

0.4 0.4 =

Putkis ity

Resioratian

Undenwater Arch Cave
Homsrioan Cave
Hawthorme
Marguesile Cantral

108325
35210
17417
167297

21T =457
8.3+0
QEB2LDE

13332 6.7

2045
QBxDE
B3+ 8

04404

04404

Refererce

Ridges Narth
Ry Poinl Morth
Paint Viesdals Wesl

084086 DEL0E

Figasfar sigantaue

Resloratian

Underwater Arch Coave
Honeyrnoan Cave
Haaihorme
Marmuerile Central

a71T

aTe17

8720
2017 4 14.2

1.7+0
FTS142

2687 1 100 =

Risferenee

Ridges Narth
Rocky Poinl Morth
Pain Vicenbs Weasl

17217
21T xB3

42425

Ficasfer acfvaseus

REsloratian

Underwater Arch Cave
Honeyprmoan Coave
HaEwthiorme
Marguerile Cerdral

208+58

08205

O4204
Ai+ A

Relerence

Ridges North
Rocky Poinl Morth
Paint Micens Weasl

Frenypophove caifomica

Regloratian

Undenwater Arch Cave
Honegrmoon Cave

Harwd i

Marguesiles Cantral

Rislierprice

Ridges North
Rocky Painl Morth
Paint Vicenls Wesl

0ELDE

Q8206

Sarpassm harmes

Resioration

Arch Cave

Honeyprmoan Cave
Harwthorme

Marguesile Cantral

Undenwat

164.2 £ 182
118.23 £ 36.3

14.2 & 14.2
454 535
QE20E

17924 11.3

QE20E

33216

75142

Refererice

Ridges North
Rodky Poinl Morth
Wisernls West

Gir

aeiT

TS5+ 325
467 £ 247
13206

25225

Sargassun mudicum

Resloratian

Underwaler Arch Cove
Honeyrnoan Cave
Hirrthormg
Marguerile Central

83283

104 B3

Riference

Ridges Narth
Rocky Poinl Morth
Paind Vicen s Was!

SHrpAsSsLT &

Riesloratian

underwater Arch Cave
Honeyrmoan Cave
Hawthome
Miarguerile Cerdral

Relerence

Ridges North
Rocky Poinl Morth
Paint Vicenbs Weasl

Slephanacyslis diodcs

Resloratian

Underw Arch Cave
Honeyrnoan Cave

Hiarwihore

Margueriles Camtral

1333+ 0

SEI=d2
333 =33

78+ 543

Riferenice

Ridges North
Rocky Poinl Morth
Baint Vicenls West




Shepfanccysis cemundaces HEsloration Urtdeswasler Arch Cave - - 117817 108 & 4.2 225: 325 04404 33433 Q247 271 & 107 -

Honeymoan Cave 25225 ~ — — 06408 — 25225 BE+2E6 478 = &1 2083 ¢ 14.2
Harathorm a.T2aT 13233 — 13217 92192 - 0B20E 6247 SEL2D 25124
Maguesile Cariral — B3z A — — - B0AI+TIE | GE7:AT 44725 125=.B .33 = 1.7
Referemce Ridges Morth — - - - 10z 8.3 4026T JEx1.T T ix45 129 4.4 —
Rocky Painl Morth — - i 25108 ITSE17.5 | 217+ 128 42206 U ES R 205 —
Paind Vicents Wasl Q.62 0.6 - = = 1.7e1.T = Q.62 0.6 G.7+6.1 = =
Strongyiocentolus rancEraive Rkl pration Urederwater Arch Cove 54.2 & 17.5 333133 233+ 783 475275 25108 13204 56108 104 25 28414 25+2 6
rioneymoen Cave 833x17 442+ DA J2ed2 117217 75225 13408 0E20E 211 21+08 333+ .0
Harwthorme 170.E £ &5.8 1E.7TLAET 51.7xD 375270 25208 0E+0E 92242 BT+3E B.T+56 16720
Marguerils Central 450 16.7 583 = 30.0 125= 04 A3+33 25228 125+ B — 25108 1.3+3.3 —
Reference Ridges Narth 25206 752375 FE+086 42+08 0E+0E — — — 0.4 4 0.4 A3+ A
Riacky Pl Morth 55 9.2:8.2 172 1F 0.8+08 — — - — - —
Paind Vicenbs Was! 317 =10 558+ 375 325 & 42 267 = 10 25408 21408 — — 25414 1.67 = .0
Strongyioceniolus pwpuralus Rk loratfan Urderwatar Arch Cave 271958 4708 | 930923 3402 1008.3 &£ 465 24.2 £ 10.B 1720 21216 1336 209621414 221721154 1775442
Honeyrmoon Cave 18417 £ 1417 | 12225+ 2158 | 12233 2303.3| 325+ 2833 92408 1T=77 67217 5215 133225 20,83 ¢ 19.2
Harwhorme 22833 £ 11333 | 26125+ 1042 17002 10B.3 1913.3 75 G725 G.7+33 47225 683 £ 57 13172831 | 33332100
Marguerile Ceriral 2450.0 £ 900.0 | 162083+ 5082 14952 +H0.6 | 17058+ 3025, 1533+ 50  12E2+ 4168 06206 AT £ 25 13333 2417275
Risference Ridges North 16.7 £ 13 46.7 £ d5 482 =08 108« 58 0606 1.7+0 — — QEL05 —
Rocky Poirt Morth 158+ T.5 A e 25 063 3320 5EL58 04204 QB2 0E - - A3x @
Paint Vicenlbs Wes| 247.5+ T5.8 451.7 + 370 53561475 1856+ 5.6 16726 15,8 & 5.5 152 3.3 2842 125+ 549 11674 8.3
Taguls reging Resloralion drdenwater Arck Cave — - — — - - - — i =
Honeyrodan Cave — — — — — — — — — —
Hararthorme — G.E+0.6 — — — — — — — —
Marguerile Ceniral == - — - — - = = = =
Relerence Ridges Norlh — - — - - — — — — —
Rocky Poinl Morth - - — — — — - — — —
Paint Vicenls Weas! Q6206 Q6108 — — — — — — — —
Talfps cakfarmiang HEsioration Urderwader Arch Cave - - - - - - - - -
Honeymoon Cove - ~ - — — - - - - -
Hawihorme - — - — — - - - - -
MErguerils Cordral — — ~ — — A2 4 — — — —
Relerence Ridges North = = = = — = = = = =
Reky Poinl Morth — — — — — — — 04204 — —

Paind Vicedhs Wasl — - — - = — s — = =




Table B4. Fish Density (individuals per 100 meters squared).

Species

Designation Site

2013

#1100 m® £ 5E

2015 2016 2017 2018

Anizofremus davidsoni

Restoration Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

2011

202

2014

04404

0.4 03

SBx42
]

254235
808 0202

27.92209 | | 1.3:1.3 |

2019 2020

02202
Bz B

Reference Ridges Morth
Rocky Point Morth

Point Vicente West

84+t6
BBtE

0.4+04
24+49

02102
02+02

Atherinopsidae

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

Restoration

3.6+ 47.6

54154 | Azd |

2294157 |

Reference Ridges Morth
Rocky Point Morth

Point Vicente West

02402

Brachyistius frenatus

Underwater Arch Cove
Honeymoon Cove
Hawthorme
Marguerite Central

Resioration

13%13

0B8+08 0202
27+15

12.1+10.0 |

1.7+.7

Referance Ridges Morth
Rocky Point Morth

Point Vicente West

0404
1707
0404

0.4 +04
0.4 +04
25186

0.8+08
0.8+0.5

0.4 04

G404 25208
142+589 06+08 336168206175

2511
4x4
Ax 4

0.2+02

Chromis punciipinnis

Underwater Arch Cove
Honeymoon Cove
Hawthorme
Marguerite Central

Restoration

13+13

0404
Bt.8

13+13 04104

21+038

106+56| 25225 | 0603
13+13
10.4 £ 10.4

0.4+03

0403
20.4+18.3

Reference Ridges Morth
Rocky Point Morth

Foint Vicente West

0.4 +04

G.3+5.2

83+55

04104

12.7 % 10.6 0.2+0.2

1.711.7

Damalichihys vacca

Underwater Arch Cove
Honeymoon Cove
Hawthorme
Marguerite Central

Restoration

A5

0.4+04
04104

3.333.3

0.2x02

0.4+04

1.7+0.8 41.3+15.5

Reference Ridges Morth
Rocky Point Morth

Point Vicente West

Bt5 |

0B +05

0.4+04

0.4+0.4

Ax4

Embiotoca jacksoni

Underwater Arch Cove
Honeymoon Cove
Hawthorne
Marguerite Central

Restoration

28 +24

3804
Ax 4

0.4 £04
04104
2511
218 |

0.4+04

21104
1.7+7 |

081038

29+1.3
2141.3

0404 31207

1205

0805 0202
0.4+03
13+1.3

A+ 3

25211
| 2113

B31B3
13+8 |

1.3%.4
A4
2.141.6
| 1.7+1.0

0.6+04

Z2+02

29+1.7
3.3%1.5

Reference Ridges Morth
Rocky Point Morth

Point Vicente West

0.4 +04
28+14
1.7 0.7

3817
0.4 +0.4

0404
6.3+0.8

08+035
2511

0.4+04
1.7+1.4
1.7+08

04203
0.8+04
0202

0805
1.3x048

0.B+05
0603

1.9x06  7.56.4

Gibbonsia elegans

Underwater Arch Cove
Honeymoon Cove
Hawthorne
Marguerite Central

Resioration

O4+04

Referance Ridges Morth
Rocky Point Morth

Foint Vicente West

b4+04




Girella nigricans

Restoration

Underwater Arch Cove
Haneymoon Cove
Hawthome
Marguerite Central

422386

211048

0404

25116
1.7+1.7

0.8+05

04+04

4z 4

0.8+0.48
1.7+1.7
20.+13.1

0.2+0.2
0E+04
0404
18.5+8.1

08+05  08+03
1.7+1.2

A4 Bx.8

18+16
3.811.7

1.3+1.3

Reference

Ridges Morth
Rocky Point Morth
Point Vicente West

0808
1.3+08

T.r£1
1.7+12

1.3+ 0.8
0.4 +04

21+£1.2
0.8 +0.3

0.4+0.3

1.3+08 08206

02+02
02+02
1.2+0.5

2.1%1.3

Gobiidas

Restoration

Underwvater Arch Cove
Honeymoon Cove
Hawthorme
Marguerite Central

Reference

Ridges Morth
Rocky Point NMorth
Point Wicenie West

42+42

125 8.8

Haemulon californiensis

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthorne
Marguerite Central

Reference

Ridges Morth
Rocky Point Morth
Foint Vicente West

TTt7.2
83+83 2241845

Halichoeres semicincius

Restoration

Undervater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

0B £05

0.8 +0.48

04+£04

0Bt08
29+1.7

21+0.48

33115
7.5¢1.6

18 0.7
48107
8.8+42
18.117.2

163+ 11.8
67 +1.2
167+ 11

3121
23+08
35+04

7.1+2.4

17207

44115

44111
2.111.0

Reference

Ridges Morth
Rocky Point Morth
Point Vicente West

21116
0.4 +04

13+08 13048
224
0.4+04

04104

42 +0.5
8312
1.3+04

211048
18109
3303

04+04
42+16
1.3+04

0.6 £0.3
25+141
1.3+ 0.5

0.6 +0.3
1206
1.3+05

Hermosilla azurea

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

1.3+8

04+04

Reference

Ridges Morth
Rocky Point Morth
Paoint Vicente West

0.4 +0.4

0.4 +£0.3

13+8 |

0.8+0.5

13+0.8

Heterodontus francisci

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

0.4 104

0.2+02

Reference

Ridges Morth
Rocky Point Morth
Point Vicente West

0.4 +04

0.2+0.2

02t02

0.2+0.2

Heterostichus rostratus

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

A4

04+£04

b4+04

Reference

Ridges Morth
Rocky Point North
Point Vicente West

04104

0.4+04

c2+02

b2+0.2




Hypsurus caryi

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

0.2+02

1.7+£17

Reference

Ridges Morth
Rocky Point Morth
Point Vicenie West

0.4+04

0808

Hypsypops rubicundus

Resftoration

Underwater Arch Cove
Honeymoon Cove
Hawthorme
Marguerite Central

13208

1.7 0.7

08 +0.8

28+04
5.8+2.2

0.4+04 33115

67+0.7 4604
| 42+¢11 | 6323 |

33+18

106+2
7.1+4.4

JB+08
1.3+0.48
186+ 36

6.3+ 3.8
0.8+038
21.3+ 88

| 94445 | 54438 | 121126 |

48207
1.5+ 06
GT+1.3

15207
0.2+0.2
69+1
8.8+3.6

2.541.1
Axd

6.3:2.1

| 10.4:38

Reference

Ridges Morth
Rocky Point North
Paoint Vicenie West

17207
ax17

04 +£04
2111
21+048

17217 | 1.7 x21.7
1.7+ 0.7

241 1.8 78t3

08+ 0.5
FO+23

21+04
0.8 +0.3
24+ 06

0et08

8t 1.7

1.5£0.7
2711
48+15

1.5+£04
1.7+0.5
1.7+ 0.7

Bx.5
8.813.2

Labrizomus xanki

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

04104

Z2t02

Reference

Ridges Morth
Rocky Point North
Point Vicenie West

Lythrypnus daill

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

D4+04

Reference

Ridges Morth
Rocky Point Morth
Foint Vicente West

Medialuna californiensis

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

0.4+04

Az 4

Zot14

4623

0202
13204
2% 2

04 +£03

02+0.2

Bx.5 A4

Reference

Ridges Morth
Rocky Point North
Point Vicente West

0.4+ 0.4

4.242.5

25+08

2113
0606

1+05 08208

A4

Cxyiulis californica

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

Reference

Ridges Morth
Rocky Point North
Point Vicente West

0404
13.3 6.7

04+04

1308
Bz 8

0.8+045
2141

0Bt08 1.7x1.2
08038
21116
3.8+2.2
0.8+038
0.4+04

1.3+04 23.3+78

17212
2.8+1.8

29+1.3
1.7 £0.7
5.4+4.9

02+02 121156
29+1
1.5+.9

88182

02+02
Ax4
0Z2+02

108 1.7+1.7

0. +04 31.3230.7
TA23.3

0e+04 25414

Oxylebius pictus

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthomme
Marguerite Central

424

04+04
04+04

04104
0.8+0.3
A4

0.4+04
2.8+1.7

Reference

Ridges Morth
Rocky Point North
Point Vicente West

0.4+04

D.4+04

1.3+04




Faralabrax clathratus

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

G4+04 041204
0.8+05

- 08105
13413 | 1.7+1.2

6.7+4.5
1.3+04
8£0.5
33107

42+22
0B+0E
0805
5.0+ 3.0

38x038
13204
5.4 %13
7.1+3.8

171 £ 8.3
42+38
8.7 £3.2
11.3+08

56+14
1.8+ 0.6
38+04
8.2+1.0

2707
1.5+ 0.7
1.3+£0.5
6.7 +0.7

3.841.
29+1.4
Ax4
259+1.3

Reference

Ridges Morth
Rocky Point North
Point Vicente West

28408 04204 21104
17207 | 2514 | 67 +18
- 0.8+05

28+048
21+048

28t1.4
42+186
25+04

1.7+1.2
1.5 0.8
29+141

1.7+1.2
2518
fax1.1

46+1.2
27 +05
3.2+12

0.4 +0.3
1.8+0.5

A4
1.7+.7
7.512.0

Paralabrax macwatofasciafus

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

04104

Reference

Ridges Morth
Rocky Point North
Point Vicenie West

Paralabrax nebulifar

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthorme
Marguerite Central

0.4+04
44 | 44

13+0.8

0.8+0.5

0805
| 13:8 |

04203

04+04
157

13 +0.48

2108
Bx5

D2x02
1.5+ 0.6
0.6x04

0.4+04

0Z2+0.2

0.4 £0.3
B8

A4
Ax4
Ax4

Reference

Ridges Morth
Rocky Point North
FPoint Vicenie West

0.4 +0.3

Rhacochilus toxotes

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

4t4 |

Referance

Ridges MNorth
Rocky Point North
FPoint Vicente West

04+04
0404

RRinagobiops nichalsii

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

1.3+038

A4

1.3+0.48

Reference

Ridges Morth
Rocky Point North
Point Vicente West

Scomber japonicus

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

42+472

Reference

Ridges MNorth
Rocky Point North
Point Vicenie West

Sebastes atrovirens

Restoration

Underwater Arch Cove
Honeymoon Cove
Hawthome
Marguerite Central

0.4+04

Reference

Ridges MNorth
Rocky Point North

D.4+04

02202

Point Vicenie West




Sehastos sunculatus

Hoesiorabion

Underwater Arch Cowve
Hanaymoaon Covea
Hawthorne
Margueribe Canlral

Referance

Ridges Marlh
Rocky Paint Modth
Point Vicenta Wast

Saebastes carmalus

Hesloraban

Underwater Arch Cove
Hareymoon Cove
Hawlhornea
Marguenta Cantral

Reference

Hidges Marlh
Raocky Paint Norh
Painl Vicente Wast

Sabastes chrysomelas

Raesiorabian

Underwaler Arch Cowve
Haneymoon Cavea
Hawthornae
Margueribe Caniral

Referance

Ridges Marlh
Rocky Paint Modth
Poinl Vicanta Wast

Saebasies rastreliger

Resiorabion

Underwater Arch Cove
Hareymoon Cove
Hawlhorne
Marguersita Cenlral

Feferance

Hidges Marlh
Raocky Paint Norh
Painl Vicenta Wast

Sobasles serrammdos

Restoralion

Underwaler Arch Cowve
Hanaymaon Cova
Hawthorna
Marguerite Cenfral

Feferance

Ridges Marlh
Racky Paint Morth
Painl Vicanta Wast

02+02

Soamicossyphus puwlchaer

Resiorabion

Underwater Arch Cove
Hamnaymoon Cove
Hawlhorne
Marguesita Canlral

0.8+05

2.3+008
0.8+ 0.4
13405
1.3+04

0Ex£04
g2+0.2
0B+0.3
28+ 1.7

Feferance

Hidges Narlh
Racky Point Morh
Painl Vicenta Wast

04+04
D4+04
1.3+08

0.8+03
02+02
1.3 4+ 0.5

0E+04
OB+04
1.9+ 0.8

ayngnalhus calformians s

Hesiorabon

Underwatler Arch Cowve
Hanaymaaon Cove
Hawthorna
Marguesibe Caniral

Feferance

Ridges Norlh
Racky Paint Moth
Poinl Vicante Wast

Urabealis fralier

Hesloraban

Underwater Arch Cove
Haneymoon Cove
Hawlhorne
Marguesita Canlral

Feferance

Ridges Norlh
Racky Point Norh
Point Wicente Wast




Table B5. Fish Biomass (individuals per 100 meters squared).

Specias

Dasignation

Site

@100 m® + 5E

2015

2016

2017

2018

2019

2020

Ansolremus dawdsonid

Fastoration

Underwaler Arch Cove
Haneymoon Cave
Hawihorne
Marguerite Cenltral

50.5 + 50.5

101+ 101

11117848614, |

18.9+ 13
1747 £ 126.5

1184 £118.4

28.8228.8

10+ 10

To9x78

235.51335.5

Reference

Ridges Maorlh
Racky Paint Morh
Point Vicente West

5.3+53

5322+ 3313

115412 11277 973.8 12 521

1010
48148

Atherinopsidae

Restoration

Underwater Arch Cave
Haneymoon Cove
Hawlhorne
Marguerite Cenltral

130.2:130.2

TB.5:78.5

8952 + 930.8
B4.5494.5

550.9:378.1

Reference

Ridaes Marts
Raocky Paint Morh
Point Vicenta Wiast

41141

12.7

Brachwstivs fronalus

Festoration

Underwaler Arch Cove
Haneymoon Cave
Hawihorne
Marguerite Central

31.9+31.9

d6+22

53+£53
191287
5742473

B.2+4.2

Reference

Ridges Marlh
Racky Paint Morh
Point Vicenta Wiast

B1xE1
409+ 18.5
10,6 + 10.6

GE 3
13.7+13.7
258+ 171

124+ 124
11+ 7.6

10,6 £ 10.6

135.3 + §2.5

28.3+ 203

12112
2176+ 123.9

196+ 42
1778 +£107.7

121

TrH4£734.2
B6.25.0
B.148.1

Chromis puncliormnis

Restoralion

Underwalar Arch Cove
Haneymoon Cove
Hawlhorne
Marguerita Cenltral

603 £ 60.3
201 2 201
20.5220.5

38.12 381

1313
Bt57
194 9£153.7

3.0+3.0

T9.7 £ 38.7

B.6+ 886

2r322ra

2456+ 134 8
454 £ 484
282.9 + 2477

1206 £ 1208

5.1+£5.1

252+ 13

1662112
133128
634 425315

Reference

Ridges Morth
Raocky Paoint Morh
Point Vicenta Wast

102+ 102

754+ 754

200.4 + 185.3

G4+74

a3+ 33.2

370.9 + 310.4

102 £ 102
J+3

44.7 + 232

B5.4163.6

1049.54408.5

Darmaichifiys vacca

Restoralion

Underwaler Arch Cove
Haneymoon Cave
Hawihorne
Marguerite Cenltral

113.2:65:4

198.9+182.4

D66 £ 56.6
5E.6 + 56.6

B19.8:819.8

56,6 + 56.6

283+ 283

Raference

Ridges Marlh
Racky Paint Morh
Point Vicenta Wiast

116.4 + 106.8

DE.G £ 56.6

109 £ 109

12.6212.6

Embiotoca facksan

Restoralion

Underwalaer Arch Cove
Haneymoon Cove
Hawlhorne
Marguerita Cenltral

4532 +371.9
173.3 + 466
2422242

14.7 £ 14.7
B4.7 £ 647
91,4+ 341
152.6£113.1 | 251421147

242+ 242

B35+ 838
27227

15124102,

42512216

138.1£130.3

43143
182+ 13

266.2+116.2 2149+ 135.7 12849+ 12945 BE&+ 8098

59.5232.2

242+ 2432
B.3+5.1
126.8 + B0.3
| o758

2132+ 484
BE.2 £ 41.8
0808
27827

2432174
272+ 2372
28924 £ 21891
234 2938

105.1£45.3

4522452

206.£177.8
210.3+128.2

Reference

Ridges Morth
Racky Paint Mordh
Point Vicenta Wast

269+ 234

1.721.7

3132 +£178 3668 + 153.2 138.3 + 138.3 | B3B8+ 611

T84+ 435

647+ 847 | B7T.7 £183.7

474.5 + 160.9

432+ 253
TE.9 + 61.5

G4.7 + B4.7
5514518
107.5 + 58.3

13+ 8.6
61.1+ 438
7103+ 702

111.8 + BO
385+ 234
158.5 + 60.6

541.9+397.5

Gitrbonss elegans

Restoralion

Underwaler Arch Cove
Haneymoon Cave
Hawihorne
Marguerite Central

46083.242198.8

Raference

Ridges Morlh
Racky Paint Morh
Point Vicenta Wast

BH+E8

Girella migricans

Restoralion

Underwalaer Arch Cove
Haneymoon Cove
Hawlihorne
Marguerita Cenltral

2847 £25811

3381 £ 1177

169+ 16.9
100.7 £ 59.3 1866+ 116.7
238 B384 |

26,1+ 26.1

G2.7262.7

186.6 + 186.68
863.9 £ BE3.9

1161.6+066.6 |

619+ E1.9
27T+ 2
216 £ 216

522+ 301
801.4 £ 646.3
62.7462.7

426+ 16.5

125.5£125.5

2737 £ 248.7
G58.2328.7

374 He3T48

Reference

Ridges Morth
Raeky Paoint Modh
Point Vicente West

3.8+ 3.8
125.5 £ 125.5

463.7 + 268

434.3 £ 255.7
7718 +524.9

463.7 £ 268
G2.7 + B2.7

340.4 + 185.2
181.3 + 104.9

T77.5+530.2

215+ 145

119.4 + 7T8.2

3141+ 314
26.8 + 26.8
7712+ 352.4

718.2+425.8




Gaobiidae Rastorabion Underwaler Arch Cove — — - — —_ _ — —_— — -
Haneymaon Cove - — -— — —_ — — = == =

Hawlhorne — — - —_ == — — — —_— )

Marguerite Central — — - — —_ _ — —_ — —

Reference Ridges Naorlh — — 0.6 +0.6 —_ —_ _ — —_ . =
Rocky Point North - — - — —_ _ —_ — == =
Poinl Vicente Wast — — - — — 08+ 08 — — - —

Haarmwon califormiensis Restoralion Underwaler Arch Cove — — = —_ —_ _ —_ —_ = =
Haneymoon Cove —_ — — —_ — —_ — - i =

Hawlhorne — — - — — — — — - —
Marguerile Central — — -- — — — — — — —
Relerance Ridges Norlh — — -- — — — — T2 +67.5 — —
Raocky Point North — — -— — — — 164 2 + 1684 2 48204 8 &+ 1887 8 — —
Point Vicente Weast — — - - — — — — — — —

Halichogras semicinclus Restoration 'Undeswaler Arch Cove TO+ 404 — 35+ 35 464 + 45 4 B5.2 + 21 0.8 + 40 11287 £7744 1804 + 605 1542+ TES 114 £+B5 8

Hanaymoon Cove — — - 120 £ 78.7 5113506 151.5+329 1103.6+3208 1292+51.89 1784 +60.7 28.9:28.9

Hawlhorne TO+ 70 — -— — 1108 +63.1 308B+1334 | 9295+ 6385 1758+4581 2755+ 73.7 | 382.8+220

Marguerite Cenlral — — - — 221.3450.4 B01.2+386.8 | — 547.5+168.5 | 164 +83.2 114 64532

Referancea Ridges Narlh — 17.6 £ 10.7 THA+447 42427 B5.5+17.8 443+ 20.8 113+ 113 BH+46 455+ 233 1057879
Rocky Paoint Marth 1542 + 136 — B5.9 + 55.4 35+ 35 188.3 £ 439 52.6 + 26.8 473.8+179.3 825+ 401 T3+471 —

Poinl Vicenta Wasl 35+ 35 — 35+ 35 — 37.2+13.3 1635.1 £ 54.6 105 & 35 832 + 354 HY.8 £ 42.7 220 6£71.4
Hermosila arurea Restoralion Underwaler Arch Cove — — -- — - — T34+ 731 — — —
Haneymoon Cove —_ — — —_ — —_ — — — —
Hawthorne — — - — — — — — - —
Marguearite Central — — - — 4835 144643 B74 62522, — 4487 +286.4 — —

Referance Ridges Narlh — — -- — — — — - — 1422142

Rocky Point North - — -— — - — — -— - —

Poinl Vicente Wast — — - - — 148.6 £ 1486 2089 + 143.89 11144 26714 — 2924 £ 185.2 149611486
Hedarodonius franciscl Restoration Underwaler Arch Cove — — - — — — — — — —
Haneymaon Cove - — - — - — — -— 71168+ T11.6 —

Hawlhorne 14232 £ 14232 — — — —_ — — — - -
Marguerite Cenlral — — - — —_ —_ — —_ —_ —

Raferance Ridges Narlh — — - — — 1423.2 £ 1423.2 — 1216.8 £ 1216.8 — —
Raexy Paint North - — - — — — — — — —
Poinl Vicenta Wast — — — — — 5808 + 5808 — — 711.6 ¢ T11.8 —

Helerostichus roslralus Resloralion Underwaler Arch Cove — — -— — —_ — 4314+ 434 — s =
Haneymaoon Cove - — - —_ = — —_ . i =

Hawlhorne — — — — — B.5+ 85 — — — —

Marguerite Central = = — = B5:85 | = = = = =

Referance Ridges Morth 213+ 213 1.1 411 — — — 434+ 434 0.1+£04 21221 02+02 —
Raocky Point Morth —_ o — 12112 —_ — o —_ —_ —
Poinl Vicente Wiast — — — — L it B B — — Ja+34 — —

Hypsurus cany Restoration Underwaler Arch Cove — — - —_ m— _— - — e —
Haneymaoon Cove — — — — — G4 264 — = o =

Hawlhorne — — — — — — - = 148 £ 148 —

Marguerite Cenlral — — - — = — — — — —

Refaerance Ridges Narl —_ — -— _ —_ —_ - = — —
Rocky Paint Marth — — 474+ 474 — — — 394+ 304 — — —
Point WVicente Wast — — - — —_ — — — — —

Hypsypops rubicurndus Restoralion Underwaler Arch Cove 2413 1433 14112141 41+ 41 7162 £ 388.5 671+ 412 B20.5+ 2818 19269 £ 1262.2 1161 + 3843 | 347.8 £ 161.8 | 567.522379

Haneymaoon Gove —_ - — — —_ 195.4 £93.7 | 300.7 + 300.7 | 20B.3 + 102.8 | 165+ 16.5 41.441.
Hawlhorne 223 #1202 34589+ 825 14252 22147 1100 £ 388 38859 £ 675.1 3416.2 £ 5955 H495.5 + 2321.4 9326 + 283.3 12114 £ 210.7 1836.52751.1
Marguerite Central — 1656.84751.9] 1128.54252.9 | 2024.84840.9) 1991.741318.5 | 2959.431646.5 | 1188.72953.3 | 4014.441087. |2950.5+1007.8]2984.6+1107.2
Relerance Ridges Morth — 205+ 3085 2714 £271.4 406.5 £ 3888 01401 2979 £ 113.7 | 300.7 + 300.7 81.5 £ 841 2224 + 56.8 —
Rocky Point Morth | 400.7 £ 163.6 | 427 £ 272 | B91.8 £4821 — 38.2 + 16.5 2044 £ T4.2 —_ 5534 £ 3107 347 £ 137 251.3£14589

Poinl Vicente West 15031 £ 527.1 | BO1.H + 366 1502.9 £ 444 3 31071 £ 1228 244082 2 7451 1603.1 £ 1934 16572 2 6B9.D 14034 2 4T3 T GET.H + 2708 4091 5412538 5




Labrisomus xandl

Restoralan

Underwaler Arch Cove
Haneymaan Cove
Hawlhorne
Marguerite Cenfral

16.7 £ 16.7

Reference

Ridges Narl
Rocky Paint Marth
Poinl Vicente VWest

Lyttrypnus dalll

Resloralian

Underwaler Arch Cove
Honeymoon Cove
Hawilhorne
Marguarite Confral

Referance

Ridges Narln
Raocky Paint Marth
Poinl Vicente Vast

Mediaglung calforniensis

Restoralan

Underwaler Arch Cove
Hanaymaoon Cova
Hawlhorne
Marguerite Cenfral

58.3 £ 58.3

24.9:24.9

2362 £ 186.7

B4E £ 403.7

404 522468 |

124 £ 124
T465+ 240
87.0:97.0

13.8 282+ 292

32.6:18.8

16.3£16.3

Feference

Ridges Narl
Rocky Paint Marth
Poinl Vicenta VWeast

113 £ 113

HE.2 + 186

1024 + 58.2
30.7 + 30.7
H1.3 + 4T .4

171.3 +171.3

16.3216.3

Clxpiulis caiiformica

Resloralan

Underwaler Arch Cove
Honeymoon Caove
Hawilhorna
Marguarite Confral

142.7 £ 951

141 £ 14.1

352+ 211
28.2:28.2

1089+ 109
28.1+ 28.1
405+ 318
B3.1236.8

237.3+185.2
282+ 282
63.4 + 46.5

| 1478758

57 + 19.6
1401 £ 57.2
287.89+268.5

71256
1371 £ 821
57.1433.2

5363 £ 328.9
1164116

G5+ G2.8
B5taE
241+158
34721371

AT+57
1541154

313.1£3131

485 4+462.5

Referance

Ridges Narln
Raocky Paoint Marth
Point Vicente VWeast

38+38
BE2.5 + 503.5

04104
2112135
B1.3+ 428

1313

1916 + 701

10,6 + 10.6
114+53
T00.3 + 258.7

14212

92+2H

13413
8.4 + 718

(AN

40+ 28.5

10H_1+65 .2

Cupledius picius

Restoralan

Underwaler Arch Cove
Hanaymaon Cova
Hawlhorne
Marguerite Cenfral

23.2:23.2

149+ 148
187 +18.7

18.7 +18.7
162.4+95.6

187 £18.7
38.1 £ 381
2323232

14.9214.9

Feference

Ridges Narl
Racky Painl Morth
Poinl Vicente VWest

232+ 232

232+ 332

489+ 17.7

Paralabrax clalhratus

Resloralian

Underwaler Arch Cove
Honeymoon Cove
Hawilhorne
Marguarite Confral

177 £ 177

310.6 £ 310.6; 373.1 £+ 319.2 450.7 + 182.0 5155+ 2853

423+42.3 6528 £465.5 382.8+3185

228+ 167
17.9+£10.4

2326+ 1378
35,3+ 204

62.8 £ 581
97517485

2286 + T6.4
G637+ 222
4832 +175.5
12077 £ 47240

16752 £ 654.4 | 602.7 £ 151.7 | 468.4 + 126.6| G16.2+127.7

B30.7 £ 603.9
BE1.7 + 288.2
2039.2 & 303.9

164 £511
J91.T £ TBA

160.5 + 68.4
1338 £ 764

3072178
36.2236.2

23268 + 177.2 (11355 £ 152.0 320.52174.3

Referance

Ridges Narln
Fotiy Poml Hoh
Poinl Vicente VWeast

246.8 + 916
160.8 + 114.5

104 £ 8.6

8265+ 485

158.7 + 56,7

1185+ 728

555.8 + 3558 6344 + 3167 10334475 | 2005+ 578

2275+ 1405

3242 + 834

64 + 46.9
ar5+ 706
1118 + 613.2

79.4 + 61.8
3534 + 2768
4282 + 1664.5

320.1 £ 107.9
246.1 + BBA

o7T6+ 465

20.3220.3
B6.42355.3

15274 # 5294 987124354  27TO.T4H74 .5

Paralabrax macuwlalofascialus

Restoralan

Underwaler Arch Cove
Hanaymaon Cova
Hawlhorne
Marguerite Cenfral

324 £ 324

Feference

Ridges Narl
Raocky Paint North
Poinl Vicente VWest

Paralgbrax nebulifer

Resloralan

Underwaler Arch Cove
Honeymoon Cove
Hawlhorne
Marguarite Cenfral

BY.52859.5

457 + 457

224.7 + 168.4
38.1+ 22
27 B+ 162

4572457 | B3.B248.8

67.6 +47.2

154 + 15.4
518.5£293.0

380.8 + 237.7

2628 + 847

4005:2425 |

228+ 228
3802 + 1847
419+ 276

B9.9 + 88.9
TT27T
186.6 + 139.3

342743427 |

45.7845.7
125841258
4572457

Referance

Ridges Narln
Racky Paint Nardh
Point Vicente VWast

306 & 205.4




Rhacochius loxoles

Restoratian

Underwaler Arch Cove
Hanaymaoon Cove
Hawlhorne
Marguerite Cenlral

216.4216.

Referance

Ridges Marlh
Racky Painl Morth
Poinl Vicente VWeast

3473+ 3473

1232 +123.2

Rhinogobiogs picholsr

Restoralion

Undarwaler Arch Cove
Haneyrmaon Cove
Hawlhorne
Marguerite Central

91+52

B.146.1

Referance

Ridges Narlh
Racky Paint Morth
Point Vicente VWast

Seomber japonicus

Restoratian

Underwaler Arch Cove
Haneymaoon Cove
Hawlhorne
Marguerita Cenlral

Referance

Ridges Marlh
Rocky Paint Morth
Poinl Vicente Weast

Sebastes alrowvingns

Festoralian

Underwaler Arch Cove
Haneyrmaon Cove
Hawlhorne
Marguarita Cenlral

231

Referance

Ridges Marth
Racky Paint Morth
Point Vicente YWast

26.3 + 26.3

1.1

Sebastes auricwlalus

Rastorabion

Underwaler Arch Cove
Haneymaoon Cove
Hawlhorne
Marguerite Cenlral

101

101

Referance

Ridges Narlh
Rocky Painl Morth
Poinl Vicenta Wast

Sebastes camalus

Restoralian

Underwaler Arch Cove
Hanayrmaon Cove
Hawihorne
Marguerila Central

Relerance

Ridges Narlh
Rocky Paint Morth
Poinl Vicente Weast

Sebastos clirysomelas

Restoratan

Underwaler Arch Cove
Haneymaon Cove
Hawlhorne
Marguerite Cenlral

Referance

Ridges Marlh
Racky Painl Morth
Point Vicente YWeast

273.7 + 158

Sebastes myslinus

Restoralion

Undarwaler Arch Cove
Haneyrmaon Cove
Hawlhorne
Marguerila Central

28228
33+33
2.0+2.0

2+2

Relerance

Ridges MNarlh
Raocky Paint Morth
Poinl Vicente Wast




Sebastes rastroliger

Rastoration

Underwaler Arch Cove
Haneymoon Cova
Hawlhorne
Marguerite Central

Tr4+7T4 = _

Refarance

Ridges Narlh
Rocky Painl Morth
Poinl Vicenta Wast

38.7 + 38.7
58,7 + 38.7

Sobastos serranaides

Restoralian

Underwalar Arch Cave
Honeymoon Cove
Hawlhorne
Marguerite Ceanlral

Referance

Ridges Narlh
Rocky Paint Morth
Poinl Wicante YWast

0.E0E

2162216

Sermicossyphus pulcher

Rastoration

Underwaler Arch Cove
Honeymaoon Cova
Hawlhorne
Marguerite Central

25T+ 257
160.3 £ 6B.5
5E.6 + 56.6

2351 £ 108.1

DE.6 + 566

104.7 £ 104.7 - 2582 £151

o D66 + 56.6 T1.8+523

— 257 + 25.7 2802 98.2
285172 — 2.7 +2378

3708 £ 3706 431541381

4426 + 158
113.2 £+ 654

301.3 £ 2161
1716+ 813
416.0 £ 2232 .4

1383 £ 908

283+ 283

163.8 £ 64.7
6929 £ 404 .0

23411367
368.2157.1
54534392 1

Reforance

Ridges Narlh
Rocky Painl Morth
Poinl Vicenta Wast

25.7 £ 25.7

257 +25.7

823+ 823 |286.5 £ 217.6 104.7 £ 104.7| 173.3 21733 257 £ 257
1304 +1304 3122+144.4 BEE5+ 058 1733+17v33 566+ 566 1449+ 114.6

BE0.1 £ 5306 2004 +120.9 2357 +126.9

257+ 257

DE.6 + 566

j8.6+18.8
283+ 283
BED.S £ 612

142 £ 1226
1274 £ BY.3
B34.1 + 322

56.6156.6
93.5493.5
BED1£117.3

Syngnathus califormionss

Restoralion

Underwalar Arch Cave
Honeymoon Cove
Hawlhorne
Marguerite Ceantral

Referance

Ridges Narth
Rocky Paint Marth
Poinl Wicante Wast

0.7

Urobalis Aalierd

Reastoration

Underwaler Arch Cove
Honeymoon Cove
Hawlhorne
Marguerite Central

Reforence

Ridges Narlh
Rocky Painl Morth
Poinl Vicenta Wast

286+ 286




Table B6. White Point CRANE survey data for Year 7.

White Point Crane Data - September 22, 2020

Analysis 2020
Coordinates:

Latitude 33.71287

Longitude -118.3159
Temperature (°C) 17.5
Fish Richness 10
Fish Diversity H 2.029
Fish Diversity 1-D 0.83
Fish Density:

Paralabrax clathratus (/100m?) 2.1+04

Semicossyphus pulcher (/100m?) 1.3+04
Fish Biomass:

Paralabrax clathratus (g/100m?) 373.3+108.5

Semicossyphus pulcher (g/100m?) 402.2 +220.6
Swath Diversity H 0.875
Swath Diversity 1-D 0.35
Swath Density:

Macrocystis pyrifera stipes (/100m?) 3317

Panulirus interruptus -

Strongylocentrotus franciscanus (/100m?) 42+4.2

Strongylocentrotus purpuratus (/100m?) 510+ 278




Appendix C: Permanent Photo Point and Video Transects
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Honeymoon Cove Block T2 (HMC T2) east-west running ridge is a large distinguishable feature easily found by divers.
This block was restored in March 2014. GPS: 33.764260, -118.423734

HMC T2 07/29/16

HMC T2 08/07/17



HMC T2 07/18/18

HMC T2 07/18/19



HMC T2 07/17/2020



Honeymoon Cove Block R5 (HMC R5) is the site of another TBF project with ongoing monitoring. Divers visit this area
annually to conduct subtidal surveys allowing the opportunity to collect photos over time. This block was restored in

November 2014. GPS: 33.765297, -118.424221
Y 3-- \ \

HMC R5 06/22/15

HMC R5 09/24/15



HMCR5 11/12/15

HMC R5 02/10/16
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HMC R5 07/3/18




HMC R5 07/18/19

HMC R5 07/17/20




Marguerite
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Marguerite Block T16 (MARG T16) was monitored monthly by TBF divers for 2 years starting in 2016 for a wave
attenuation study. This block was restored in September 2016. Subsequent photo/videos occur annualy.
GPS: 33.757561, -118.41782



MARG T16 08/10/16

MARG T16 08/3/17




MARG T16 07/20/18

MARG T16 06/21/19



MARG T16 08/12/20
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Underwater Arch Cove Blocks (UWAC) J1, J2 and T7 were the locations of our first transect video shot in 2014. In 2016
and 2017, this video transect was recorded again and photos from both dates have been archived. Divers will continue

to revisit this area annually for video and photography.



UWAC J1 restoration was complete in November 2013. GPS: 33.75205979, -118.4156861
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UWACJ106/21/19
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UWACJ107/24/20

UWAC J2 was restored in July 2014. GPS: 33.7523302, -118.4151245

e

UWAC J2 PRE-RESTORATION 07/12/14



UWAC J2 08/14/14

UWAC J2 07/27/17




UWAC J2 07/18/18

UWAC J2 06/21/19



UWAC J2 07/24/20

UWAC T7 was restored in September 2014. GPS: 33.7526, -118.414563

UWAC T7 PRE-RESTORATION 08/14/14



UWAC T7 07/07/16

UWACT7 07/27/17




UWAC T7 07/18/18
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UWAC T7 06/21/19




UWAC T7 07/24/20
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Hawthorne 2 this large pinnacle within Block 2 is easily found by divers and will serve as the starting point for video
transects and photos of the site. The photos below show the pinnacle at heading 180 degrees and 90 degrees.
GPS: 33.75064, -118.416097

HAW 2 Heading 180 08/25/17



HAW 2 Heading 180 07/20/18

HAW 2 Heading 180 07/18/19



HAW 2 Heading 180 11/11/20

HAW 2 Heading 90 08/10/16



HAW 2 Heading 90 08/25/17

HAW 2 Heading 90 07/20/18



HAW 2 Heading 90 07/18/19

HAW 2 Heading 90 11/11/20

1/2020




Point Fermin
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Point Fermin, Block J7 (FERM J7) north-south running ridge has been well documented with video footage pre and post
restoration. GPS: 33.703028, -118.290167

FERM J7 9/25/15

FERM J7 8/10/16



FERM J7 7/7/17

FERM J7 7/17/18



FERM J7 08/07/19

FERM J7 07/29/20



White Point
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White Point, Block 12. GPS: 33.71297, -118.3165. Video transect starts from the center of block 12 and goes 10-meters
with a 0-degree heading. Then turns to a 90-degree heading and proceeds 30-meters.



White Point, Block 12 (WPT 12) east-west running ridge with large boulder directly 7-meters from the center of block 12
with a 0-degree heading. Established permanent photo plot. GPS: 33.71297, -118.3165

WPT 12 02/07/2020




WPT 12 07/24/2020



2020 Video Transects (video files available by request)

Video transects are recorded annually at specific GPS points per site. Transect lines are drawn on the maps above for
each site. Marguerite T10 video transect was discontinued in 2020 due to budgetary restraints, as well as proximity to
T16 video transect which displays similar conditions.

Files
Honeymoon Cove:
1.0_HoneymoonCove_Videotransect_2020

Underwater Arch Cove:
2_UnderwaterArch_006_Videotransect_2020
2.1_UnderwaterArch_T7_Videotransect_2020

Marguerite:
3.0 _Marguerite_T16_Videotransect_2020

Hawthorne:
4.0_Hawthorne_Videotransect_2020

Point Fermin:
5.0_PointFermin_Videotransect_2020

White Point:
6.0_Whitepoint_Videotransect_2020

Timelapse Videos of Sites (video files available by request)
Videos were taken at set blocks per site pre and post restoration. Each video consists of the same transect defined by
GPS coordinates during summer months in different years.

Files
Honeymoon Cove:
1.1 _Timelapse_HoneymoonCove_Videotransect 2020

Underwater Arch:
2.2_Timelapse_UnderwaterArch_Videotransect_2020

Marguerite:
3.1 _Timelapse_Marguerite_Videotransect_2020

Hawthorne:
4.1 Timelapse_Hawthorne_Videotransect 2020

Point Fermin:
5.1 Timelapse_PointFermin_Videotransect 2020

White Point
6.1_Timelapse_Whitepoint_Videotransect_2020
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