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EXECUTIVE SUMMARY

Aerial imaging surveys of the giant kelp beds off Orange and San Diego counties were conducted for
the Region Nine Kelp Survey Consortium by MBC Aquatic Sciences on eight occasions over a two-
year period: on March 28, July 16-17 and September 29, 2021, on January 2, April 8, August 8, and
October 22, 2022, and on January 23, 2023. The maximum surface canopy observed during 2021 and
2022 was quantified from color infrared photos of each kelp bed. To supplement the aerial surveys,
vessel surveys of all 24 bed beds were conducted on seven occasions over the two-year period to
observe any surface canopy present and subsurface kelp (as indicated by the fathometer). More
detailed in-water surveys were conducted at nine kelp beds over the two-year period to observe any
subsurface kelp present and to document bottom conditions.

The total kelp canopy throughout Region Nine decreased by 23% from 2020 to 2021 (3.9 km? in 2020
compared to 3.0 km? in 2021) and decreased by an additional 37% from 2021 to 2022 (3.0 km? in
2021 compared to 1.9 km? in 2022), resulting in an overall decrease of 51% over the two-year period.
This is the sixth time in the past seven years that the total kelp canopy was less than the long-term
average (6.9 km? for period from 1967 to 2022), following nine years (2007 through 2015) with above
average total kelp canopy. Eleven kelp beds were observed in 2021 with visible surface canopy,
including four kelp beds that increased in size in 2021, four that reappeared, and three that decreased
in size. Three kelp beds disappeared in 2021. The La Jolla and Point Loma kelp beds were the largest
in Region Nine, accounting for 88% of the total canopy coverage in 2021. Only six kelp beds were
observed in 2022 with visible surface canopy, including one kelp bed that increased in size in 2022
and five that decreased in size. Five kelp beds disappeared in 2022. In 2022, the La Jolla and Point
Loma kelp beds were again the largest in Region Nine, accounting for 97% of the total canopy
coverage. Ten kelp beds that displayed no surface canopy in 2020 continued to be absent in 2021
and 2022.

Visual observations during the three vessel surveys conducted in Year One (February 1, February 17,
and March 10, 2022) indicated that surface canopy was present at more than half of the kelp beds
(14), including most kelp beds from Corona del Mar to San Mateo Point, Barn Kelp, from Leucadia to
Solana Beach, and at La Jolla and Point Loma (Table 6). Subsurface kelp was also observed at all of
these kelp bed locations, as well as at two kelp beds without any visible surface canopy (North
Carlsbad and Agua Hedionda).

Visual observations during the four vessel surveys conducted in Year Two (December 1 and 15, 2022,
and January 27 and February 2, 2023) indicated that surface canopy was present at less than half of
the kelp beds (11), including most kelp beds from Corona del Mar to Dana Point/Salt Creek, North
Carlsbad, from Leucadia to Solana Beach, and at La Jolla and Point Loma (Table 7). Subsurface kelp
was also observed at most of these kelp bed locations (although only old holdfasts were observed on
the bottom at Dana Point/Salt Creek). Old holdfasts were also observed on the bottom at Horno
Canyon and Barn Kelp (two locations without any observable surface canopy), but there was no
evidence of any recruitment of young individuals).

Sea surface water temperatures throughout Region Nine were generally warmer than average in 2021
during the months of January, February, November, and December, and warmer than average in 2022
from January through mid-April. In addition, sea surface daily temperature values during these two
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years rarely fell below 14°C. Nutrient availability is generally greater when temperatures are below this
threshold and conditions would be expected to be more favorable for kelp growth. There were also a
relatively low number of days with cold surface temperatures (lower than 14°C) and a relatively high
number of days with warm surface temperatures (greater than 16°C). These factors probably created
conditions unfavorable for kelp growth, contributing to the decreases in total kelp canopy observed in
2021 and 2022. Nutrient Quotient values were lower in 2021 and 2022 than in 2020, which also may
have contributed to these declines.

| - INTRODUCTION

Giant kelp (Macrocystis pyrifera) beds along most of the southern California mainland coast have been
mapped quarterly by the Region Nine Kelp Survey Consortium (RNKSC) since 1983. The RNKSC
participants agreed that the monitoring program would be methodologically based upon aerial kelp
surveys that were conducted since 1967 by the late Dr. Wheeler J. North.

[.1 - REGION NINE KELP BEDS

The RNKSC program area extends from Abalone Point in northern Laguna Beach in Orange County
southward to the U.S./Mexico Border in San Diego County, and recognizes 24 existing or historic kelp
beds (Figure 1, Appendix A). Kelp beds associated with harbors, marinas, or hard substrate also are
surveyed. Region Nine supports what are usually the two largest kelp beds in southern California, the
La Jolla and Point Loma kelp beds. There are eight ocean outfalls located within the geographical area
surveyed on behalf of the RNKSC, including three outfalls that are shared by two different agencies
(Oceanside/Fallbrook, Encina Power Plant/Poseidon, and San Elijo/Escondido) (Figure 1).

One of the objectives of the RNKSC program is to answer several basic monitoring questions
regarding the status of kelp beds within the region:

1. What is the maximum areal extent of the coastal kelp bed canopy each year?
2. What is the variability of the coastal kelp bed canopy over time?
3. Are coastal kelp beds disappearing? If yes, what are the factors that could contribute to the

disappearance?

4, Are new kelp beds forming?

[.2 - KELP BIOLOGY

If spores and suitable rocky substrate are available, giant kelp can quickly colonize surfaces and grow
within a wide range of environmental conditions. Giant kelp grows rapidly and becomes reproductive
in less than one year, with population dynamics largely driven by changes in the oceanographic
environment, such as temperature and nutrient levels. If not removed prematurely by storms or
grazers, large vegetative fronds eventually produce a terminal meristem, stop growing, and senesce.
Individual fronds usually live no more than four to nine months, and individual kelp can live up to
approximately nine years (Schiel & Foster, 2015). Detailed information on kelp biology is presented in
Appendix B.
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Figure 1. Location of ocean outfalls and designated kelp beds within the Region Nine survey
area (red illustrates the approximate areas where surface canopy may occur in a given year
within each kelp bed).

MBC Aquatic Sciences Page 3



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

II - MATERIALS AND METHODS
1.1 - KELP DATA COLLECTION

[I.1.A - AERIAL SURVEYS

In the early-1960s, when kelp surveys began, the surface area of coastal kelp beds was calculated
via aerial photography by the late Dr. Wheeler J. North of the California Institute of Technology
(Pasadena). Later MBC continued the surveys using a method following that of Dr. North’s, as it
provided a consistent approach for comparing kelp bed size (North 2001). MBC has continued to use
this same methodology for the Region Nine surveys since inception of the program in 1983.

In 2021 and 2022, Ecoscan Resource Data conducted quarterly overflights of the coastline on behalf
of the RNKSC from Newport Harbor (Orange County) to the U.S./Mexico border (San Diego County).
Direct downward-looking photographs of the kelp beds were taken from an aircraft modified by
Ecoscan Resource Data to facilitate aerial photography. Approximately 200 to 225 high-contrast digital
color and infrared photos were taken during each survey. Prior to each survey, the flight crew assessed
the weather, marine conditions, and sun angle to schedule surveys on dates when optimum photos
could be captured. The pilot targeted the following conditions:

. Weather: greater than a 15,000’ ceiling throughout the entire survey range and wind less than
10 knots,
. Marine: sea/swell less than 1.5 m and tide range less than +1.0' Mean Lower Low Water

(MLLW) during the survey,
. Sun angle greater than 30 degrees from vertical.

Aerial surveys were flown on March 28, July 16-17, and September 29, 2021, on January 2, April 8,
August 8, and October 22, 2022, and on January 23, 2023 (Tables 1 and 2). The flight path and flight
data report from each quarterly aerial survey are included in Appendix C.

[1.1.B - KELP DATA ANALYSIS

All photographs were reviewed after each overflight and the canopy surface area of each kelp bed
was ranked in size by subjectively comparing the extent of canopy coverage shown in the photographs
to the average historical bed size and photographs from previous surveys (Table 2). The ranking scale
ranged from O for no kelp, 0.5 for minimal kelp, 1 for well below average kelp, 1.5 for somewhat below
average kelp, 2 for below average kelp, 2.5 for average kelp, 3 for above average kelp, 3.5 for
somewhat above average kelp, and 4 for well above average kelp. These rankings allowed the
archiving of the quarterly survey slides for later retrieval and assembly of a digitized photo-mosaic of
each kelp bed that represented the greatest areal extent for each survey year. Individual beds in the
composite were selected for detailed evaluation and the surface area of all visible kelp canopies in
each distinct kelp bed was calculated.

All digital photographs from the quarterly survey that displayed the greatest areal coverage in 2021
and in 2022 were digitally assembled into a composite photo-mosaic that provided a regional view of
entire kelp bed areas. Photos of kelp beds that displayed the greatest canopy coverage during a
single survey were used to make photo-mosaics. Data from one or two surveys were usually used for
the photo-mosaics to provide the best estimate of maximum canopy coverage for the year. The
Photoshop mosaics were then transferred to Geographic Information System (GIS; ArcGIS 10.3.1)
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geo-referencing and placed into specific California Department of Fish and Wildlife (CDFW) geo-
spatial shape files. Each mosaic was geo-referenced to match several prominent features (usually
more than three) on the map and converted to Universal Transverse Mercator (UTM), or another
acceptable coordinate system, and subsequently converted to a geo-referenced JPEG file. Surface
canopy areas were calculated using the image classification function, an extension to the ArcGIS
program. The kelp beds from the photos were then layered on standard base maps to facilitate inter-
annual comparisons. The “Hard Substrate” layer on the base maps (shown as lightly shaded areas on
the maps in Appendix A) was obtained through the CDFW Biogeographic Information and Observation
System.

The “Average Bed Area Per Year” (ABAPY) was plotted with results from individual beds to compare
canopy sizes and patterns of growth/decline to averages for particular regions. Those regions were:
CDFW lease bed 9 in Orange County and CDFW lease beds 5, 6, 7, and 8 in San Diego County
(Figure 2). Kelp beds off La Jolla (CDFW lease bed 4, Figure 2) and Point Loma (CDFW lease beds
2 and 3, Figure 2) were treated separately because they are typically much larger beds which would
dominate the ABAPY if included with the smaller beds, potentially skewing the data presentation and
masking any changes occurring in the smaller beds. Each ABAPY was calculated by summing the
annual canopy estimates for the relevant beds during each year and dividing the total by the number
of beds included.

[1.1.C - VESSEL SURVEYS

Vessel surveys of all 24 designated kelp beds are conducted annually to observe all RNKSC kelp
beds. Vessel surveys of all 24 bed beds were conducted on February 1, February 17, and March 10,
2022 (surveys were delayed until 2022 due to adverse ocean conditions) and on December 1 and
December 15, 2022, and January 27 and February 2, 2023 (two surveys were delayed until 2023 due
to adverse ocean conditions) to observe any surface canopy present and subsurface kelp (as indicated
by the fathometer). Surveys were conducted on different tidal stages. More detailed in-water surveys
were conducted by biologist-divers at nine kelp beds: Encinitas and Carlsbad State Beach (on
February 1, 2022), Capistrano Beach (February 17, 2022), North Laguna Beach and South Laguna
(March 10, 2022), San Mateo Point (December 1, 2022), Horno Canyon and Barn Kelp (December
15, 2022), and Dana Point/Salt Creek (January 27, 2023) to observe any subsurface kelp present and
to document bottom conditions. Field data sheets for vessel surveys are included in Appendix C.

Visual observations of the surface canopy included:
. Extent and density of the bed,

. Tissue color: ranges from pale yellow (indicating poor nutrient uptake) to dark brown (indicating
good nutrient intake),

. Frond length on the surface,

. Presence/absence of apical meristems (scimitar = growing tips),
. Extent of encrustations by hydroids or bryozoans,

. Sedimentation on fronds,

. Any evidence of disease, such as holes or black rot,

. Age composition of fronds: young, mature, or senile.
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Table 1. Kelp bed overflights in 2021.

Quarter Target Date Actual Date Comments

1st Quarter | January to March 2021 March 28, 2021 Excellent conditions for
photos and observations
during overflight

2nd Quarter April to June 2021 July 16-17, 2021 Excellent conditions for
photos and observations
during overflight (survey
delayed due to foggy
conditions during month
of June)

3rd Quarter | July to September 2021 | September 29, 2021 | Excellent conditions for
photos and observations
during overflight

4th Quarter October to December January 2, 2022 Excellent conditions for
2021 photos and observations
during overflight (survey
delayed due to adverse
weather conditions during
month of December)
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Table 2. Kelp bed overflights in 2022.

Quarter Target Date Actual Date Comments

1st Quarter | January to March 2022 April 8, 2022 Excellent conditions for
photos and observations
during overflight (survey
delayed due to adverse
weather conditions during
month of March)

2nd Quarter April to June 2022 August 8, 2022 Excellent conditions for
photos and observations
during overflight (survey
delayed due to foggy
conditions during months
of June and July)

3rd Quarter | July to September 2022 October 22, 2022 Excellent conditions for
photos and observations
during overflight (survey
delayed due to foggy
conditions during month of

September)
4th Quarter October to December January 23, 2023 Excellent conditions for
2022 photos and observations

during overflight (survey
delayed due to delays in
repairs required for aircraft
radio)
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Table 3. Rankings assigned to kelp beds from aerial photographs from 2021 Region Nine
surveys between Newport Harbor and Imperial Beach.

2021 Surveys

March July September January
Kelp Beds 28, 2021 16-17, 2021 29, 2021 2, 2022
Newport Harbor” — - — -
Corona del Mar 0.5 - — -
North Laguna Beach 1.0 0.5 1.0 15
South Laguna Beach 1.0 - - 0.5
South Laguna - - - 0.5
Salt Creek-Dana Point 1.0 - - 0.5
Dana Marina’ — — — —
Capistrano Beach 0.5 - - 1.0
San Clemente 1.0 - — 0.5
San Mateo Point — - — 0.5
San Onofre — - — -

Pendleton Reefs” — — — _
Horno Canyon - - — —
Barn Kelp 15 - - 2.0
Santa Margarita - - - —
Oceanside Harbor” — - — _
North Carlsbad - - — —
Agua Hedionda - - — —
Encina Power Plant - - — —
Carlsbad State Beach - - — —
Leucadia (North, Central, South) - - — -
Encinitas - — — —
Cardiff - — — —
Solana Beach - - — 0.5
Del Mar - — — _
Torrey Pines — — — _
La Jolla Upper — - 2.0 -
La Jolla Lower 15 15 2.0 1.0
Point Loma Upper 15 15 2.0 3.0
Point Loma Lower 0.5 1.5 2.0 2.0
Imperial Beach - - — —

Ranking values: 0.5 = trace or very small amount of kelp present; 1 = well below average;
1.5 = somewhat below average; 2 = below average; 2.5 = average;
3 = above average; 3.5 = somewhat above average; and 4 = well above average.
* = not a designated kelp bed
NI = No Image; X=no overflight conducted in Central Region
“-“=no kelp present
Green highlight = survey utilized to quantify surface canopy area
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Table 4. Rankings assigned to kelp beds from aerial photographs from 2022 Region
Nine surveys between Newport Harbor and Imperial Beach.
2022 Surveys
April August October January
Kelp Beds 8, 2022 8, 2022 22, 2022 23, 2023
Newport Harbor” — - — -
Corona del Mar 0.5 - — -
North Laguna Beach 15 0.5 - -
South Laguna Beach 0.5 0.5 - 0.5
South Laguna 0.5 0.5 - -
Salt Creek-Dana Point - 0.5 - -
Dana Marina’ - — - —
Capistrano Beach - - - -
San Clemente — - — -
San Mateo Point — - — -
San Onofre — - — -
Pendleton Reefs” — - — -
Horno Canyon - - - -
Barn Kelp - - - -
Santa Margarita - - - -
Oceanside Harbor” - - - -
North Carlsbad — - — -
Agua Hedionda - - - -
Encina Power Plant — - — -
Carlsbad State Beach — - — -
Leucadia (North, Central, South) - - — -
Encinitas — - — -
Cardiff - - - -
Solana Beach — - — 0.5
Del Mar — - — -
Torrey Pines — - — -
La Jolla Upper 1.0 15 0.5 -
La Jolla Lower 1.0 15 0.5 -
Point Loma Upper 1.0 1.0 0.5 -
Point Loma Lower 1.0 2.5 15 0.5
Imperial Beach — - — -
Ranking values: 0.5 = trace or very small amount of kelp present; 1 = well below average;
1.5 = somewhat below average; 2 = below average; 2.5 = average;
3 = above average; 3.5 = somewhat above average; and 4 = well above average.
* = not a designated kelp bed
NI = No Image
“-“=no kelp present
Green highlight = survey utilized to quantify surface canopy area
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(https:/iInrm.dfg.ca.gov/FileHandler.ashx?DocumentiD=134676&inline).

Figure 2. Administrative kelp bed lease areas in the Region Nine study area.

MBC Aquatic Sciences Page 10



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Il - RESULTS
.1 - SUMMARY

Maps showing the areal extent of RNKSC surface canopy coverage in 2021 and 2022 are provided in
Appendix A. Tables displaying the historical canopy coverage for Region Nine from 1983 through 2022
life history information for giant kelp, and historical kelp surveys (including Crandall’'s maps) are
provided in Appendix B. The flight path and flight data reports from each quarterly aerial survey in
2021 and 2022, and field data sheets from vessel surveys are included in Appendix C. Composite
photographs of the extent of kelp surface canopy throughout Region Nine in 2021 and 2022 are
included in Appendix D. Sea surface temperatures at Newport Pier, Oceanside, Point Loma, and
Scripps Pier for 2021 and 2022 are presented in Appendix E.

In 2021, most kelp beds in the RNKSC region attained maximum surface canopy area for the year
during either the first or fourth quarterly surveys, except that the La Jolla kelp bed peaked during the
third quarter (Table 3). The total amount of kelp canopy coverage in the RNKSC region was 3.0 km?
in 2021, decreasing by 24% from 3.9 km? in 2020. Of the 24 designated RNKSC kelp beds, 11
displayed surface canopy, including four that reappeared, four that increased in size, and three that
decreased in size in 2021. Three kelp beds disappeared in 2021. The largest beds were the La Jolla
(0.7 km?) and Point Loma (1.9 km?) kelp beds, which accounted for 88% of the total RNKSC kelp
coverage in 2021. Seven kelp beds (of the 11 with visible surface canopy) were smaller than 10% of
their maximum size recorded since 1983. Only four kelp beds were larger than 10% of their historical
maximum size in 2021 (Figure 3).

In 2022, kelp beds in the RNKSC region attained maximum surface canopy for the year during the first
or second quarterly surveys (Table 4). The total amount of kelp coverage in the RNSKC region in 2022
was 1.9 km? in 2022, decreasing by 36% from 2021. Of the 24 designated RNKSC kelp beds, six
displayed surface canopy, including one that increased in size and five that decreased in size. Five
kelp beds disappeared in 2022. The largest beds were the La Jolla (0.4 km?) and Point Loma (1.4
km?) kelp beds, which accounted for 98% of the total RNKSC kelp coverage in 2022. Five kelp beds
(of the seven with visible surface canopy) were smaller than 10% of the maximum size recorded since
1983. Only two kelp beds were larger than 10% of their historical maximum size in 2022 (Figure 3).

1.2 - SIZE OF KELP BEDS IN REGION NINE

The following is a synopsis of the status of each of the 24 designated individual kelp beds in Region
Nine during the 2021 and 2022 survey years based upon the quarterly surveys. Information also is
presented on several other areas where kelp beds were present. The comparison of canopy coverage
between 2020, 2021, and 2022 for each kelp bed is presented in Table 5, and comparison to historical
maximum size is presented for these three years in Figure 3. Historical canopy coverage since 1911
is presented in Appendix B (Table B.3). Visual observations of the kelp beds recorded in Tables 6 and
7 are based on vessel surveys conducted on February 1, February 17, March 10, December 1, and
December 15, 2022, and January 27, 2023.

Field data sheets from the in-water surveys conducted by biologist-divers at nine kelp beds are
included in Appendix C. The results are summarized in the sections below for Encinitas and Carlsbad
State Beach (dives on February 1, 2022), Capistrano Beach (dive on February 17, 2022), North
Laguna Beach and South Laguna (dives on March 10, 2022), San Mateo Point (dive on December 1,
2022), Horno Canyon and Barn Kelp (dives on December 15, 2022), and Dana Point/Salt Creek (dive
on January 27, 2023).
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Table 5. Comparison of the canopy coverage of the Region Nine kelp beds from Laguna
Beach to Imperial Beach (kelp beds listed north to south) during 2020. 2021, and 2022.

Percentage
2022 Difference
Kelp Bed 2020 2021 (km?) (from 2020 to
(km?) (km?) 2022)
North Laguna Beach 0.022 0.031 0.040 +82%
South Laguna Beach 0.001 0.012 0.005 +400%
South Laguna 0 0.005 0.001 Reappeared
Dana Point/Salt Creek 0.005 0.017 0.002 -60%
Capistrano Beach 0 0.006 0 No change
San Clemente 0.009 0.004 0 Disappeared
San Mateo Point 0 0.007 0 Disappeared
San Onofre 0 0 0 No change
Horno Canyon 0.003 0 0 Disappeared
Barn Kelp 0.234 0.262 0 Disappeared
Santa Margarita 0 0 0 No change
North Carlsbad 0 0 0 No change
Agua Hedionda 0 0 0 No change
Encina Power Plant 0 0 0 No change
Carlsbad State Beach 0 0 0 No change
Leucadia 0.006 0 0 Disappeared
Encinitas 0.0003 0 0 Disappeared
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Table 5 (continued)

Percentage

Kelp Bed 2020 2021 2022 Difference
(km?) (km?) (km?) (2020 to 2022)

Cardiff 0 0 0 No change
Solana Beach 0 0.6 0 No change
Del Mar 0 0 0 No change
Torrey Pines 0 0 0 No change
La Jolla 1.094 0.725 0.446 -59%
Point Loma 2.545 1.882 1.417 -44%
Imperial Beach 0 0 0 No change
TOTAL 3.919 2.964 1.911 -51%

[1.2.A - NEWPORT BEACH TO ABALONE POINT, LAGUNA BEACH
Newport Harbor. This is not a designated kelp bed. Kelp was not observed within the harbor in 2021
or 2022.

Corona del Mar. This is a designated kelp bed within the Central Region but is included here for
information purposes. This kelp bed disappeared in 2020 but reappeared in 2021. It decreased by
57% from 0.007 km? in 2021 to 0.003 km? in 2022 (Table 5).

South from Newport Harbor, giant kelp grows in several small beds collectively referred to as the
Corona del Mar kelp bed, or sometimes called the Newport/Irvine Coast kelp bed. There was no visible
surface canopy in this area from 1992 through 2002, but the kelp bed was observed every subsequent
year until 2020 (Figure 4). This kelp bed reappeared in 2021 but declined in size in 2022.

This kelp bed was only 1.6% of the maximum size attained in 2011 and less than 1% of maximum size
in 2022 (Figure 3).

During the March 2022 vessel survey (Table 6), the Corona del Mar surface canopy was estimated at
approximately 100 x 300 meters with scattered density. Tissue color was 80% dark brown and 20%
medium brown, with 15% encrustation on fronds, and 25% apical meristems were observed. The kelp
was composed of approximately 10% senile, 60% mature, and 30% young fronds. Subsurface kelp
was limited to several individuals. During the January 2023 vessel survey (Table 7), scattered surface
canopy was estimated to range over approximately 75 x 250 meters to 100 x 200 meters. Tissue color

MBC Aquatic Sciences Page 13



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

was once again dark and medium brown, with <5% encrustation on fronds, and no apical meristems
were observed. The kelp was composed of approximately 5% senile and 95% mature fronds.
Subsurface kelp was observed throughout the area.

Region Nine Kelp Beds
Percentage of Maximum Historical Size
30

20

Percent

10

0 L i L i J,- l L B I d 1 _ a i
I < - © © = © 2} = = w © ©
TS5 S oo S5 8 c LS E ST I e s s E S s g = £ S
S ® @8 ¢ o ® € g % > ©® T o0 c O © 'g 2 T ®© S £ ©° ©
v ¥ S 5 © O 5§ 2 £ @ © » ga 9V O £ g 9 a - 9 v
o © o w O o g c O 8 T 5 o @ 5 C g2 @ o g L @
T o © 8 £ o o g ) c © 9 9O w @ ¢c ©c QO g — € &
s S € T c O o £ o s ©V 2 £ 2w c bed = .0
S 5 5 £ v © © & = 3 = o = o5
s o on b — c 2 v = © ) S 5 N _O (@] a
S @ @ 2 € ¥ o© o = L 5 3 = Q
o - - o = Y2 - T c o W @© T =
(%] [e) o o Z2 < c © =
O < < © <
L5 o © c
[e] o c w =
2 un © ©
a (@]
H2020 W2021 m2022

Figure 3. Region Nine kelp canopy coverage in 2020, 2021, and 2022 compared to historical
maximum size of each kelp bed.

[1.2.B - ABALONE POINT TO CAPISTRANO BEACH
There are five kelp beds located between Abalone Point and Capistrano Beach.

North Laguna Beach/South Laguna Beach. The North Laguna Beach kelp bed increased in size by
41%, from 0.022 km? in 2020 to 0.031 km? in 2021 (Table 5). This kelp bed increased by another 29%
to 0.040 km? in 2022, representing an 82% increase overall from 2020 to 2022. The canopy area in
2021 was 16% of the maximum recorded in 2012 and 21% of the maximum in 2022 (Figure 3). The
South Laguna Beach kelp bed increased in size by 1,100%, from 0.001 km? in 2020 to 0.012 km? in
2021 (Table 5). This kelp bed decreased in size by 58% to 0.005 km? in 2022, representing a 400%
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increase overall from 2020 to 2022. The canopy area in 2021 was 4% of the maximum recorded in
2013 and 2% of the maximum in 2022 (Figure 3).

The North and South Laguna Beach beds were rarely visible after the early 1990s until 2008, when
they were reestablished as a result of restoration efforts (Figure 4). The North Laguna Beach kelp bed
was the only bed in the RNKSC to increase in size in both 2021 and 2022, while the South Laguna
Beach kelp bed increased in size from 2020 to 2021 but declined from 2021 to 2022 (Table 5).

During the March 2022 vessel survey (Table 6), surface canopy was scattered in the North Laguna
Beach kelp bed over an area of approximately 200 x 300 meters. Tissue color was 50% medium yellow
and 50% dark yellow with 10% encrustation on fronds, and 10% apical meristems were observed. The
kelp was composed of 30% senile, 50% mature and 20% young fronds. During the January 2023
vessel survey (Table 7), scattered canopy was observed over an area of approximately 200 x 200
meters. Tissue color was once again medium or dark yellow, with 20 to 25% encrustation on fronds,
and very few apical meristems were observed. The kelp was composed of 40% senile, 50% mature,
and 10% young fronds.

During the March 2022 dive survey offshore of the Heisler Park area, nine old holdfasts were observed
on the bottom in the North Laguna Beach kelp bed, with approximately 30% juvenile fronds. The
bottom was composed of rugose boulders of various sizes spaced approximately two meters apart,
as well as some large piles of boulders. Kelp fronds were 20% dark yellow and 80% medium yellow
in midwater and bottom areas, with approximately 10% bryozoan encrustation and 10% grazed
tissues. Areas with plate rock and cobble between the boulders supported kelp and brown algae
(Laminaria, Pterygophora, and Cystoseira). Other algae observed on the bottom included Plocamium,
Callophyllis, Fucus, and Corallina. Fish observed included kelp bass, barred sandbass, garibaldi,
California barracuda, blacksmith, and kelp rockfish. Four red urchins were observed along a 50-meter
transect line.

During the March 2022 vessel survey (Table 6), surface canopy was scattered in the South Laguna
Beach kelp bed over an area of approximately 200 x 500 meters. Tissue color was 50% medium yellow
and 50% dark yellow with 10% encrustation on fronds, and 10% apical meristems were observed. The
kelp was composed of 30% senile, 50% mature and 20% young fronds. During the January 2023
vessel survey (Table 7), scattered canopy was observed over a smaller area of approximately 200 x
200 meters. Tissue color was once again medium or dark yellow, with 25 to 30% encrustation on
fronds, and very few apical meristems were observed. The kelp was composed of 5% senile and 95%
mature fronds.

South Laguna. This kelp bed disappeared in 2019 and was absent in 2020 but reappeared in 2021
(Table 5). It decreased by 80% from 0.005 km? in 2021 to 0.001 km? in 2022.

The canopy area in 2021 was 10% of the maximum recorded in 2018 and only 3% of the maximum in
2022 (Figure 3).

Surface canopy was visible at the South Laguna kelp bed from 2007 through 2018, and in 2018
reached the maximum size recorded since RNKSC surveys began in 1983 (Appendix B.3; Figure 4).
This kelp bed has been absent or very small in size for the past four years (Figure 4).

No surface canopy was observed at South Laguna during the March 2022 or January 2023 vessel
surveys (Table 6 and Table 7). No subsurface kelp was observed in January 2023.
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Figure 4. Average Orange County ABAPY compared to canopy coverage of the kelp beds from
Corona del Mar to South Laguna from 1967 through 2022 (upper graph), and comparison of

ABAPY to canopy coverage of each individual kelp bed (lower four graphs).
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Table 6. Visual observations of Region Nine kelp beds for Year One vessel surveys (February
1, February 17, and March 10, 2021).

Kelp Bed

Surface Canopy

Extent

Appearance

Subsurface Kelp

Corona del Mar

canopy estimated at
100 x 300 meters, but
scattered density

80% dark brown, 20% medium
brown;

10% senile, 60% mature, 30%
young;

15% encrustation;

25% apical meristems

several individuals

North Laguna Beach

surface kelp canopy
estimated at 300 x 200
meters, but scattered
density

50% dark yellow, 50% medium
yellow;

30% senile, 50% mature, 20%
young;

10% encrustation;

10% apical meristems

See text for dive

survey results

South Laguna Beach

canopy estimated at
200 x 500 meters, but
scattered kelp

50% dark yellow, 50% medium
yellow;

40% senile, 50% mature, 10%
young;

10% encrustation;

10% apical meristems

scattered individuals

Creek

0.25 to 1 mile, but
scattered density

10% senile, 90% mature;
30% encrustation;
no apical meristems

South Laguna none See text for dive
survey results
Dana Point/Salt canopy estimated at 100% medium yellow; dense kelp

100 x 100 meters, but
scattered kelp

yellow, 10% light yellow;
90% senile, 10% mature;
30% encrustation;

no apical meristems

Capistrano Beach canopy estimated at 90% dark yellow, 10% medium | See text for dive
0.25 x 0.5 miles, but yellow; survey results
scattered kelp 50% senile, 50% mature;

40% encrustation, mostly
subsurface;
no apical meristems

San Clemente canopy estimated at 10% dark yellow, 50% medium | several individuals
0.25 x 1 mile, but yellow, 40% light yellow;
scattered kelp 90% senile, 10% mature;

40% encrustation;
no apical meristems
San Mateo Point canopy estimated at 10% dark yellow, 80% medium | several individuals

San Onofre none none
Pendleton Reefs none none
Horno Canyon none none

Barn Kelp

scattered canopy

80% medium yellow, 20% dark
yellow;

90% senile, 10% mature;

slight encrustation;

no apical meristems

scattered kelp
individuals, up to 40
feet tall

Santa Margarita

none

none

North Carlsbad

none

very few individuals,
up to 25 feet tall
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Table 6 (continued)

Beach

Kelp Bed Surface Canopy Subsurface Kelp
Extent Appearance

Agua Hedionda none few scattered
individuals, up to 25 feet
tall

Encina Power none none

Plant

Carlsbad State none See text for dive

survey results

Leucadia-north

canopy estimated at
100 x 300 meters,
but very scattered
kelp

70% medium yellow, 30% light yellow;
80% senile, 20% mature;

20% encrustation;

no apical meristems

scattered individuals @
20 feet tall

Leucadia-central

none

scattered individuals, up
to 20 feet tall

Leucadia-south

canopy estimated at
50 x 30 meters, but
scattered kelp

medium to light yellow;
30% senile, 70% mature;
40% encrustation;

10% apical meristems

Scattered individuals

200 x 200 meters,
but very scattered
kelp

80% senile, 20% mature;
80% encrustation;
no apical meristems

Encinitas canopy estimated at | no observations were possible since | See text for dive
75 x 75 meters surface canopy had been pushed below | survey results
the surface by currents
Cardiff canopy estimated at | 50% medium yellow, 50% light yellow; very scattered

individuals, up to 25 feet
tall

Solana Beach

canopy estimated at
200 x 200 meters,
but very scattered

50% medium yellow, 50% light yellow;
80% senile; 20% mature;
10% encrustation;

very scattered
individuals, up to 20 feet
tall

kelp no apical meristems
Del Mar none none
Torrey Pines none none
La Jolla North none scattered subsurface
kelp

La Jolla South

canopy estimated at
0.75 x 2 miles. but
scattered kelp

80% dark yellow, 15% medium yellow,
5% light yellow;

15% senile, 85% mature;

40% encrustation;

no apical meristems

scattered subsurface
kelp

Point Loma North

canopy estimated at
0.75 x 2 miles,
scattered to medium
density

80% dark yellow, 10% medium yellow,
10% light yellow;

30% senile, 65% mature, 5% young;
30% encrustation;

10% apical meristems

dense subsurface kelp

Point Loma

South

canopy estimated at
0.75 x 2 miles,
scattered to medium
density

80% dark yellow, 10% medium yellow,
10% light yellow;

20% senile, 75% mature, 5% young;
10% encrustation;

5% apical meristems

dense subsurface kelp

Imperial Beach

none

none
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Table 7. Visual observations of Region Nine kelp beds for Year Two vessel surveys

(December 1 and December 15, 2022, January 27 and February 2, 2023).

Kelp Bed

Surface Canopy

Extent

Appearance

Subsurface Kelp

Corona del Mar

canopy estimated at
100 x 200 meters to
75 x 250 meters, but
scattered kelp

Dark to medium yellow;
5% senile, 95% mature;
<5% encrustation;

no apical meristems

present throughout
area

North Laguna Beach

canopy estimated at
200 x 200 meters,
but scattered kelp

Dark to medium yellow;
10% senile, 90% mature;
20-25% encrustation;
very few apical meristems

present throughout
area

South Laguna Beach

canopy estimated at

dark to medium yellow;

present throughout

200 x 200 meters, 5% senile, 95% mature; area
but scattered kelp 25-30% encrustation;
very few apical meristems
South Laguna none none

Dana Point/Salt

canopy estimated at

100% dark yellow;

See text for dive

Creek 100 x 30 meters, but | 70% senile, 20% mature, 10% | survey results
very scattered kelp young;
no encrustation;
no apical meristems
Capistrano Beach none few scattered
individuals
San Clemente none present throughout
area
San Mateo Point none See text for dive
survey results
San Onofre none none
Pendleton Reefs none none
Horno Canyon none See text for dive
survey results
Barn Kelp none See text for dive
survey results
Santa Margarita none none
North Carlsbad canopy estimated at | 80% medium brown, 20% light | several scattered kelp
20 x 20 min a single | brown; individuals on reef
patch 70% senile, 20% mature, 10% | area
young;
40% encrustation;
10% apical meristems
Agua Hedionda none none
Encina Power Plant none none
Carlsbad State Beach | none none
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Table 7 (continued)

Kelp Bed

Surface Canopy

Extent

Appearance

Subsurface Kelp

Leucadia-north

canopy estimated at
1,000 x 300 meters,
but scattered kelp
with one dense
patch

70% medium brown, 30% light brown;
70% senile, 20% mature, 10% young;
30% encrustation;

10% apical meristems

scattered individuals

Leucadia-central

canopy estimated at
15 x 35 meters, but
very scattered kelp

70% medium brown, 30% light brown;
70% senile, 20% mature, 10% young;
30% encrustation;

10% apical meristems

scattered individuals

Leucadia-south

canopy estimated at
30 x 70 meters, but
very scattered kelp

70% medium brown, 30% light brown;
70% senile, 20% mature, 10% young;
30% encrustation;

10% apical meristems

very scattered
individuals

1,000 x 400 meters,
but scattered kelp

80% senile, 10% mature, 10% young;
30% encrustation;
10% apical meristems

Encinitas canopy estimated at | 90% medium brown, 10% light brown; scattered individuals
500 x 300 meters, 70% senile, 20% mature, 10% young;
scattered kelp with 40% encrustation;
some dense patches | 10% apical meristems

Cardiff canopy estimated at | 80% medium brown, 20% light brown; scattered individuals

Solana Beach

canopy estimated at
200 x 200 meters,
but scattered kelp

80% medium brown, 20% light brown;
70% senile; 20% mature, 10% young;
40% encrustation;

10% apical meristems

scattered individuals

Del Mar none none

Torrey Pines none none

La Jolla canopy estimated at | 80% medium brown, 20% light brown; present throughout area
3,000 x 700 meters. | 80% senile, 10% mature, 10% young;
but very scattered 10% encrustation;
kelp 10 apical meristems

Point Loma canopy estimated at | 80% medium brown, 20% light brown; dense subsurface kelp,

8,500 x 1,000 90% senile, 10% mature; 30-tall individuals in
meters, but 10% encrustation; southern portion
scattered kelp 10% apical meristems

Imperial Beach none none

During the March 2022 dive survey offshore from 1,000 Steps Beach, no kelp was observed in
midwater or bottom areas. Algae on the bottom included rhodophytes, Phyllospadix, Pterygophora,
Laminaria, and Cystoseira. The bottom was composed of one square meter boulders spaced
approximately one meter apart, with some cobble. Fish observed included kelp bass, barred sandbass,
sheepshead, senorita, California scorpionfish, and blacksmith. Urchins were present in moderate
density (approximately three individuals per square meter).

Dana Point/Salt Creek. This kelp bed increased in size by 240%, from 0.005 km? in 2020 to 0.017
km?in 2021 (Table 5). It decreased in size by 88% to 0.002 km? in 2022, representing a 60% decrease
in size overall from 2020 to 2022.
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The canopy area in 2021 was only 2% of the maximum size attained in 2008, and less than 1% of the
maximum in 2022 (Figure 3).

Although the Dana Point/Salt Creek kelp bed reappeared in 2020, the surface canopy area has been
relatively small over the past three years (Figure 5).

During the March 2022 vessel survey (Table 6), the Dana Point/Salt Creek surface canopy was
estimated to extend over an area of approximately 0.25 to 1.0 miles with scattered density. Tissue
color was 100% medium yellow with 30% encrustation on fronds, and no apical meristems were
observed. The kelp was composed of 10% senile and 90% mature fronds. Dense subsurface kelp was
observed. During the January 2023 vessel survey (Table 7), surface canopy was much smaller,
extending over an estimated area of approximately 30 x 100 meters with scattered density. Tissue
color was 100% dark yellow, with no encrustation on fronds and no apical meristems. The kelp was
composed of 70% senile, 20% mature, and 10% young fronds.

During the December 2022 dive survey, several old kelp holdfasts were observed on the bottom, but
no recruitment of young kelp individuals was noted. Kelp fronds were medium to light yellow in
midwater and bottom areas, with only slight encrustation. Approximately 50% of the tissues observed
in midwater and bottom areas were grazed, and numerous Norrisia snails were observed on kelp. The
bottom was composed of plate rock, with small boulders, cobble, sand, and small rocks in the grooves
and troughs between the plates. Small numbers of red (fewer than 20 individuals) and purple (fewer
than 10 individuals) were observed. Algae present on the bottom included coralline algae,
rhodophytes, Pterygophora, Laminaria, Cystoseira, and Egregia. Fish observed included kelp bass,
barred sandbass, sheepshead, and kelp rockfish.

No kelp was observed along the breakwaters in Dana Point Harbor (Appendix A.47) in 2021 or 2022.
This is not a designated kelp bed.

Capistrano Beach. This kelp bed disappeared in 2019 and was absent in 2020 but reappeared in
2021 (Table 5). However, it disappeared once again in 2022.

Surface canopy in 2021 was only 2.5% of the maximum attained in 1989 and was absent in 2022
(Figure 3).

This kelp bed was present nearly every year from 1999 to 2018 (with the exception of 2005) but has
been absent three of the past four years (Appendix B.3; Figure 5).

Scattered surface canopy was observed over an estimated area of 0.25 x 0.5 miles during the
February 2022 vessel survey (Table 6). Tissue color was 10% medium yellow and 90% dark yellow
with 40% encrustation, and no apical meristems were observed. The kelp was composed of 50%
senile and 50% mature fronds. During the February 2022 dive survey, 13 holdfasts were observed.
Tissue color was 50% light yellow and 50% medium yellow with 90% encrustation in midwater areas,
and 50% medium yellow and 50% dark yellow with no encrustation in bottom areas. Recruitment was
represented by one individual less than two meters tall. The bottom was composed of large, scattered
boulders with smaller rocks in between. Algae included rhodophytes, Pterygophora, Laminaria, and
Cystoseira. Fish included kelp bass, sargo, garibaldi, blacksmith, sheepshead, barred sandbass, and
blackeye goby. Invertebrates included sea cucumbers and Kellet's whelk, and two purple urchins were
observed. No surface canopy was observed during the December 2022 vessel survey (Table 7). A
few individuals were noted in subsurface areas.
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Figure 5. Average Orange County ABAPY compared to the canopy coverage of the kelp beds
from Dana Point/Salt Creek to San Mateo Point from 1967 through 2022 (upper graph), and
comparison of ABAPY to canopy coverage of each individual kelp bed (lower four graphs).
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I11.2.C - SAN CLEMENTE TO SAN ONOFRE
Three kelp beds are located between San Clemente and San Onofre.

San Clemente. This kelp bed decreased in size by 56%, from 0.009 km? in 2020 to 0.004 km?in 2021,
but disappeared in 2022 (Table 5). The canopy area in 2021 was less than 1% of the maximum
recorded in 2013 and disappeared in 2022 (Figure 3).

This kelp bed was present every year from 1999 to 2021; however, it was very small in 2021 and
disappeared in 2022 for the first time since 1998 (Appendix B.3; Figure 5).

No surface canopy or subsurface kelp was visible at the San Clemente kelp bed during the February
or December 2022 vessel surveys (Tables 6 and 7).

San Mateo Point. This kelp bed disappeared in 2020, reappeared in 2021, then disappeared once
again in 2022 (Table 5). The surface canopy in 2021 was less than 1% of the maximum attained in
1987 and absent in 2022 (Figure 3).

This kelp bed was present nearly every year from 1983 to 2019 (with the exception of 1998), but was
absent for two of the past three years (Appendix A.50; Figure 5).

Surface canopy was scattered over an estimated area of 100 x 100 meters during the February 2022
vessel survey (Table 6). Tissue color was 10% dark yellow, 80% medium, and 10% light yellow with
approximately 30% encrustation, and no apical meristems were observed. The kelp was composed of
90% senile and 10% mature fronds. Many subsurface individuals were present.

No surface canopy was observed during the December 2022 vessel survey (Table 6). No kelp was
observed in midwater or bottom areas during the December 2022 dive survey. The bottom was composed
of 55% boulder, 35% cobble, and 10% sand. Coralline algae was present on the hard bottom. Ocean
whitefish and barred sandbass were present, as well as 33 wavy turban snails (Megastraea undosa).
Numerous red urchins (29) and purple urchins (29) were observed.

San Onofre. This kelp bed disappeared in 2020 and was absent in 2021 and 2022 (Table 5).
Surface canopy was observed at the San Onofre kelp bed nearly every year from 1983 to 2019 (with

the exception of 2006). However, this kelp bed has been absent for the past three years (Appendix
A.50; Figure 6).

No surface or subsurface kelp was observed during the February 2022 or December 2022 vessel
surveys (Tables 6 and 7).

[11.2.D - HORNO CANYON TO SANTA MARGARITA RIVER
Three kelp beds are located between Horno Canyon and the Santa Margarita River.

Horno Canyon. This kelp bed reappeared in 2020, but disappeared once again in 2021 and was
absent in 2022 (Table 5).

Surface canopy has been observed in 15 of the past 30 years, including nearly every year from 207
to 2018 (except in 2019) (Figure 6).
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Figure 6. Comparisons between the San Diego average ABAPY and canopy coverage of the
kelp beds from San Onofre to Agua Hedionda from 1967 to 2022 (upper graph), and comparison
of ABAPY to canopy coverage of each individual kelp bed (lower five graphs).
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No surface or subsurface canopy was visible during the February 2022 vessel survey (Table 6), nor
during the December 2022 vessel survey (Table 7). During the December 2022 dive survey, seven
adult and 4 sub-adult holdfasts were observed on the bottom, but no recruitment of young individuals
was noted. Tissue color was 25% light yellow, 25% medium yellow, and 50% dark yellow in midwater
and bottom areas, with 100% encrustation on blades in midwater and 80% in bottom areas. The
bottom was composed of 10% boulder, 30% cobble, and 60% sand. Algae included rhodophytes,
Pterygophora, Laminaria, and Desmarestia. No fish were observed. Large invertebrates included kelp
crab, rock crab, decorator crab, and dove snails.

In addition, the Pendleton Artificial Reef (PAR), which is not a designated kelp bed, is just upcoast
from Horno Canyon. No surface canopy or subsurface kelp was observed at this location during the
vessel surveys of February 2022 or December 2022.

Barn Kelp. This kelp bed increased in size by 12%, from 0.234 km? in 2020 to 0.262 km? in 2021,
then disappeared in 2022 (Table 5). The surface canopy in 2021 was 28% of the maximum attained
in 2009 and absent in 2022 (Figure 3).

Surface canopy has been observed at this kelp bed most years from 1988 to 2021 (with the exception
of 1998, 2016, and 2019) (Figure 6).

Scattered surface canopy was observed during the February 2022 vessel survey (Table 6). Tissue
color was 80% medium yellow and 20% dark yellow with slight encrustation on fronds, with no apical
meristems observed. The kelp bed was composed of 90% senile and 10% mature fronds. Scattered
individuals were noted on the bottom.

No surface canopy was observed during the December 2022 vessel survey (Table 7). During the
December 2022 dive survey, several kelp holdfasts were observed on the bottom, but no recruitment
of young kelp individuals was noted. Kelp fronds were 50% medium and 50% dark yellow in midwater
and bottom areas, with 50% encrustation (including 10% with bryozoans). The bottom was composed
of 45% plate rock, 3% boulders, 20% cobble, and 5% sand. Red and purple urchins were observed
under plate rocks. Algae present on the bottom included coralline algae, rhodophytes, Pterygophora,
Laminaria, and Chondracan. Fish observed included kelp bass, barred sandbass, blacksmith,
sheepshead, ocean whitefish, garibaldi, senorita, painted greenling, giant sea bass, halfmoon, rock
wrasse, black perch, and black-eyed goby. Large invertebrates included gorgonians, stalked tunicates,
spiny lobster, Kellet's whelk, wavy turban snail, Norris’s kelp snail, two-spot octopus, and giant keyhole
limpet.

Santa Margarita. This kelp bed was not observed during 2019 and has been absent since (Table 5).

The Santa Margarita kelp bed is a small bed that occasionally forms a canopy off the Santa Margarita
River mouth (Appendix A.56). However, surface canopy has only been observed during three years
since 1983 (1991, 1992, and 2013) (Appendix B.3).

No surface canopy or subsurface kelp was visible at Santa Margarita during the February 2022 or
February 2023 vessel surveys (Tables 6 and 7).

No kelp was observed in Oceanside Harbor (Appendix A.57; Table 3) in 2021 or 2022. This is not a
designated kelp bed.
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1.2.E - NORTH CARLSBAD TO CARLSBAD STATE BEACH
There are four kelp beds located between North Carlsbad and Carlsbad State Beach.

North Carlsbad. This kelp bed disappeared in 2019 and has been absent since (Table 5).

The North Carlsbad kelp bed usually comprises of several small beds (Appendices A.58 and A.59).
Visible surface canopy had been recorded nearly every year from 2001 to 2018 (with the exception of
2006 and 2016), but has been absent for the past four years (Figure 6).

During the February 2022 vessel survey (Table 6), no surface canopy was observed at the North
Carlsbad kelp bed, but a few scattered kelp individuals (up to 25-feet tall) were recorded in subsurface
areas. During the February 2023 vessel survey (Table 7), a single small patch of surface canopy
(approximately 20 x 20 meters) was observed, as well as several scattered individuals on subsurface
reef areas.

Agua Hedionda. This kelp bed was not observed in 2019 and has been absent since (Table 5).

Visible surface canopy was observed at the Agua Hedionda kelp bed from 2002 through 2015 (Figure
6). However, no surface canopy has been recorded since 2016.

No surface canopy was observed at the Agua Hedionda kelp bed during the February 2022 vessel
survey, but a few scattered individuals up to 25 feet tall were noted in subsurface areas (Table 6). No
surface or subsurface kelp was observed during the February 2023 vessel survey (Table 7).

Encina Power Plant. This kelp bed disappeared in 2019 and has been absent since (Table 5).

The Encina Power Plant kelp bed was much smaller in size from 2016 to 2018 compared to the period
from 2007 to 2015, and finally disappeared in 2019 (Appendix A.60, Figure 7).

No surface canopy or subsurface kelp was observed at the Encina Power Plant kelp bed during the
February 2022 or February 2023 vessel surveys (Tables 6 and 7).

Carlsbad State Beach. This kelp bed was not observed in 2019 and has been absent since (Table
5).

The Carlsbad State Beach (Carlsbad State Park) kelp bed was present nearly every year from 2007
to 2015 (with the exception of 2016), but disappeared in 2018 and has been absent since (Figure 7).

No surface canopy was observed at the Carlsbad State Beach kelp bed during the February 2022
vessel survey (Table 6). No subsurface kelp was observed during the February 2022 dive survey. The
bottom was composed of soft rock reef, as well as some patches of sandstone covered with sand.
Algae observed included rhodophytes, Corallina, Pterygophora, Egregia, and Cystoseira. Fish
observed included kelp bass and sheepshead. Three purple urchins were observed.

No surface or subsurface kelp was observed during the February 2023 vessel survey (Table 7).
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Figure 7. Comparisons between the San Diego average ABAPY and canopy coverage of the

kelp beds from Encina Power Plant to Encinitas from 1967 to 2022 (upper graph), and
comparison of ABAPY to canopy coverage of each individual kelp bed (lower four graphs).
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1.2.F - LEUCADIA TO TORREY PINES
Leucadia. This kelp bed disappeared in 2021 and was absent in 2022 (Table 5).

The Leucadia kelp bed comprises the North, Central, and South Leucadia kelp beds, which are
surveyed as three separate beds because of distinct breaks in the beds (Appendices A.62 and A.63).
Surface canopy was observed in this kelp bed nearly every year from 1983 to 2020 (with the exception
of 1998), but it has been absent the past two years (Figure 7).

Scattered surface canopy was observed over a 100 x 300 meter area of the North Leucadia kelp bed
in February 2022 (Table 6). Tissue color was 30% light yellow and 70% medium yellow, the kelp was
composed of 80% senile and 20% mature fronds with 20% encrustation, and no apical meristems
were observed (Table 6). Scattered individuals up to 20 feet tall were observed in subsurface areas.
Scattered surface canopy with some dense patches was observed over a larger area of 300 x 1,000
meters in February 2023 (Table 7). Tissue color was 30% light brown and 70% medium brown, the
kelp was composed of 70% senile, 20% mature and 10% young fronds with 30% encrustation, and
10% apical meristems were observed. Scattered individuals were observed in subsurface areas.

No surface canopy was observed in the Central Leucadia kelp bed during the February 2022 vessel
survey, but a few scattered individuals up to 20 feet tall were observed in subsurface areas. Very
scattered surface canopy was observed over a smaller area of 15 m x 35 meters in February 2023
(Table 7). A few scattered individuals were observed in subsurface areas.

Scattered surface canopy was observed over a 30 x 50 meter area of the South Leucadia kelp bed
during the February 2022 vessel survey (Table 6). Tissue color was light to medium yellow, the kelp
was composed of 30% senile and 70% mature fronds with 40 % encrustation, and 10% apical
meristems were observed. A few scattered individuals were observed in subsurface areas. During the
February 2023 vessel survey, scattered surface canopy was observed over a slightly larger area of 30
X 70 meters (Table 7). Once again, only a few scattered individuals were observed in subsurface
areas.

Encinitas. This kelp bed reappeared in 2020 but disappeared once again in 2021 and was absent in
2022 (Table 5).

Surface canopy has been observed in this kelp bed most years from 1984 to 2020 (with the exception
of 1998, 2005, and 2019), but it was absent the past two years (Figure 7).

During the February 2022 vessel survey, no actual surface canopy was observed at the Encinitas kelp
bed; however, it appeared that kelp estimated to extend over an area of 75 x 75 meters had been
pushed just below the surface by currents (Table 6).

During the February 2022 dive survey six kelp individuals were observed on the bottom in the Encinitas
kelp bed and some juvenile fronds were present. Tissue color was light to medium yellow with
approximately 20% encrustation. No recruitment of new kelp was noted. The bottom was composed
of solid rock, as well as some large piles of boulders. Kelp fronds were light to medium yellow in
midwater and bottom areas, with approximately 50% encrustation in midwater areas and 20% in
bottom areas and 20% grazed tissues. Algae observed included rhodophytes, Corallina, Laminaria,
Pterygophora, and Cystoseira; feather boa kelp and golden gorgonians were also present. Fish
observed included kelp bass and sheepshead. No urchins were observed.
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Scattered surface canopy with some dense patches was observed over a larger area of 300 x 500
meters during the February 2023 vessel survey (Table 7). Tissue color was 10% light and 90% medium
brown, the kelp was composed of 70% senile, 20% mature, and 10% young fronds with 40%
encrustation, and 10% apical meristems were observed.

Cardiff. This kelp bed disappeared in 2019 and has been absent since (Table 5).

The Cardiff kelp bed was relatively large from 2007 to 2015 but declined in size considerably during
the period from 2016 to 2018 and finally disappeared in 2019 (Appendix A.64; Figure 8).

Very scattered surface canopy was estimated to extend over an area of approximately 200 x 200
meters during the February 2022 vessel survey (Table 6). Tissue color was 50% light yellow and 50%
dark yellow with 80% encrustation. The kelp was composed of 80% senile and 20% mature fronds. A
few, very scattered individuals up to 20 feet tall were noted on the bottom. The scattered surface
canopy covered a larger area of approximately 1,000 x 400 meters during the February 2023 vessel
survey (Table 7). Tissue color was 20% light brown and 80% medium brown with 40% encrustation,
and 10% apical meristems were observed. The kelp was composed of 80% senile, 10% mature, and
10% young fronds. A few scattered individuals were noted on the bottom.

Solana Beach. This kelp bed that disappeared in 2019 and was still absent in 2020, but reappeared
in 2021, then disappeared once again in 2022 (Table 5).

The Solana Beach kelp bed was present every year from 1984 to 2018 but has been absent in three
of the four years since (Appendices A.64 and A.65; Figure 8).

Very scattered surface canopy was observed at the Solana Beach kelp bed during the February 2022
vessel survey, covering an estimated area of 200 x 200 meters (Table 6). Kelp fronds were 50% light
yellow and 50% medium yellow with 10% encrustation, and no apical meristems were observed. Kelp
fronds were 80% senile and 20% mature. A few scattered individuals up to 20 feet tall were noted on
the bottom. Scattered surface canopy was observed over approximately 200 x 200 meters during the
vessel survey of February 2023 (Table 7). Kelp fronds were 20% light brown and 80% medium brown
with 40% encrustation, and 10% apical meristems were observed. Kelp fronds were 70% senile, 20%
mature, and 10% young. A few scattered individuals up to 20 feet tall were noted on the bottom.

Del Mar. This kelp bed was not observed in 2019 and has been absent since (Table 5).

The Del Mar kelp bed (Appendices A.66 and A.67) is typically one of the smallest beds in Region Nine.
Surface canopy was present each year from 2007 to 2015, but this kelp bed disappeared in 2016 and
has been absent since (Appendices A.66 and A.67; Figure 8).

No surface canopy or subsurface kelp was observed at the Del Mar kelp bed during the February 2022
or February 2023 vessel surveys (Tables 6 and 7).

Torrey Pines. This kelp bed was not observed in 2019 and has been absent since (Table 5).

The Torrey Pines kelp bed appeared as a small trace of kelp during La Nifia conditions in 1988 and
1989. It reappeared in 2006 with a canopy area of 0.010 km? with scattered giant kelp concentrations
approximately 1.5 km, 3.5 km, and 5 km north of Scripps Pier. Small canopies were observed in
various locations in the area from 2008 through 2013, but this bed disappeared in 2014 and has been
absent since (Appendix B.3). No surface canopy or subsurface kelp was visible during the February
2022 or February 2023 vessel surveys (Tables 6 and 7).
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Figure 8. Comparisons between the San Diego average ABAPY and canopy coverage of the
kelp beds from Cardiff to Imperial Beach from 1967 to 2022 (upper graph), and comparison of
ABAPY to canopy coverage of each individual kelp bed (lower four graphs).
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1.2.G - LA JOLLA

La Jolla. This kelp bed decreased in size by 34%, from 1.094 km? in 2020 to 0.725 km? in 2021; it
decreased by another 28% to 0.446 km? in 2022, representing an overall decrease of 59% from 2020
to 2022 (Table 5). The canopy area in 2021 was 15% of the maximum recorded in 1989 and 9% of
the maximum in 2022 (Figure 3).

The La Jolla kelp bed is composed of two canopies: northern La Jolla and southern La Jolla. Between
southern La Jolla and Upper Point Loma (offshore Mission Bay), nearshore habitat is mostly sand and
kelp does not grow in this area (Appendices A.70 and A.71). The La Jolla kelp bed was much smaller
from 2016 through 2022 (ranging in size from 0.446 km? to 1.566 km?) than the levels observed from
2013 to 2015 (2.790 km? to 4.006 km?) (Figure 9). This kelp bed has decreased in size each year
since 2018.

No surface canopy was observed at the La Jolla North kelp bed during the February 2022 vessel
survey (Table 6). However, scattered subsurface kelp was present. Scattered surface canopy was
observed at the La Jolla South kelp bed over an estimated area of 0.75 x 2 miles. Tissue color was
5% light yellow, 15% medium yellow, and 80% dark yellow with 40% encrustation, and no apical
meristems were observed. The kelp bed was composed of 15% senile and 85% mature fronds.
Subsurface kelp was noted throughout the area.

Very scattered surface canopy was observed in the La Jolla kelp beds during the vessel survey of
February 2023, covering an estimated area of 700 x 3,000 meters (Table 7). Tissue color was 20%
light brown and 80% dark brown with 10% encrustation, and 10% apical meristems were observed.
The kelp bed was composed of 80% senile, 10% mature, and 10% young fronds. Subsurface kelp
was noted throughout the area.

[1.2.H - POINT LOMA TO CORONADO BEACH

Point Loma. This kelp bed decreased in size by 26%, from 2.545 km? in 2020 to 1.882 km? in 2021;
it decreased by another 25% to 1.417 km? in 2022, representing an overall decrease of 44% from
2020 to 2022 (Table 5). The canopy area in 2021 was 24% of the maximum recorded in 2018 and
18% of the maximum in 2022 (Figure 3).

The Point Loma kelp bed comprises many, usually contiguous, kelp canopies ranging from depths of
5 to greater than 30 meters during years with sufficient nutrients. Pelagophycus porra is prevalent
beyond about 30 meters depth at Point Loma (Turner et al. 1967). It is the largest bed in Region Nine.
Although the maximum canopy area was recorded in 2018 (7.9 km?), this kelp bed has decreased in
size every year since, reaching the smallest size in 2022 (1.4 km?) that has been recorded since 1998
(Appendices A.71 through A.74; Figure 9).

Scattered to medium density surface canopy was observed over an area approximately 0.75 x 2 miles
at both the Point Loma North and South kelp beds during the February 2022 vessel survey (Table 6).
Tissue color was 10% light yellow, 10% medium yellow, and 80% dark yellow with 10 to 30%
encrustation, and 5 to 10% apical meristems were observed. Dense subsurface kelp was noted
throughout both areas. Scattered surface canopy was observed over an area of approximately 1,000
x 8,500 meters in the Point Loma kelp bed during the February 2023 vessel survey (Table 7). Tissue
color was 20% light brown and 80% medium brown with 10% encrustation, and 10% apical meristems
were observed. Subsurface kelp was noted throughout both areas.
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Figure 9. Comparisons between the Point Loma/La Jolla Average ABAPY and canopy
coverage of the La Jolla and Point Loma kelp beds from 1967 to 2022 (upper graph), and
comparison of ABAPY to canopy coverage of each individual kelp bed (lower two graphs).

[11.2.1 - CORONADO BEACH TO U.S./MEXICO BORDER

No kelp was observed at Coronado Beach (Appendix A.76) or Silver Strand (Appendix A.77) in 2021

or 2022; neither are designated kelp beds.

Imperial Beach. This kelp bed was not observed in 2019 and has been absent since (Table 5).

The Imperial Beach kelp bed was present nearly every year from 1985 to 2016 (with the exception of
1998) but disappeared in 2017 and has been absent since (Appendices A.79 and A.80; Figure 8). No
surface or subsurface kelp was visible at the Imperial Beach kelp bed during the February 2022 or

February 2023 vessel surveys (Tables 6 and 7).
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IV - DISCUSSION
V.1 - REGION NINE KELP BEDS

One objective of the RNKSC program is to answer several basic monitoring questions regarding the
status of kelp beds within the region:

1. What is the maximum areal extent of the coastal kelp bed canopy each year?

The total kelp canopy covered 3.0 km? in 2021 and 1.9 km? in 2022.
2. What is the variability of the coastal kelp bed canopy over time?

e The total kelp canopy decreased in size in 2021 by 23% (from 3.9 km? to 3.0 km?) and by an
additional 37% in 2022 (from 3.0 km? to 1.9 km?), representing an overall decrease in size of 51%
from 2020 to 2022;

e Four kelp beds with visible surface canopy in 2020 increased in size in 2021 and one kelp bed
with visible surface canopy in 2021 increased in size in 2022;

e Three kelp beds with visible surface canopy present in 2020 decreased in size in 2021 and five
kelp beds with visible surface canopy in 2021 decreased in size in 2022.

3. Are coastal kelp beds disappearing? If yes, what are the factors that could contribute to the
disappearance?

e Three kelp beds disappeared in 2021 and five kelp beds disappeared in 2022;

¢ Nine kelp beds that displayed no surface canopy in 2020 were still absent in 2021 and 2022.

e Above average sea surface temperatures and low nutrient availability may have contributed to the
absence of surface canopy at these kelp beds.

4, Are new kelp beds forming?

Four kelp beds reappeared in 2021; no additional kelp beds reappeared in 2022.

The total kelp canopy in Region Nine covered approximately 3.0 km? in 2021 and 1.9 km? in 2022.
The total kelp canopy was smaller in size than the long-term average in six of the past seven years,
following nine years (2007 through 2015) with above average total kelp (Figure 10). The largest kelp
beds were the La Jolla and Point Loma kelp beds, which accounted for 88 % of the total canopy
coverage in 2021 and 97% in 2022. Only two kelp beds in 2022 were greater than 10% of the maximum
extent recorded since 1983: North Laguna Beach at 21% of maximum and Point Loma at 18% (Figure
3).

Vessel surveys of all Region Nine kelp beds for 2021 were conducted during the following year due to
weather delays (February 1 and 17, and March 20, 2022). Vessel surveys for 2022 were conducted
partly at the end of the year (December 1 and 15, 2022) and partly during the following year due to
weather delays (January 27 and February 2, 2023). Surface canopy was observed at approximately
half of the kelp beds (Tables 6 and 7). Subsurface kelp was also recorded at many of these kelp bed
locations, as well as at a few kelp beds without any visible surface canopy.
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Figure 10. Combined canopy coverage of all kelp beds off Orange and San Diego
Counties from 1967 through 2022.

IV.2 — ENVIRONMENTAL VARIABLES

The productivity and growth of giant kelp forests along the west coast of the United States has been
shown to be limited by dissolved inorganic nitrogen, mainly in the form of nitrate (Wheeler and North,
1980; Zimmerman and Kremer, 1984). In the upper ocean (depths less than 200 meters), nitrate
concentrations were strongly dependent on density and temperature (Kamykowski and Zentara,
1986). However, temperature apparently accounted for less than half of the variability in canopy area
or density of giant kelp within the California Current System (CCS) (North et al, 1993; Tegner et al,
1996). Seawater density has been shown to predict nitrate concentrations in nearshore southern
California ocean waters better than temperature and has been utilized to identify the relative
contributions of nitrate concentrations within the CCS from different source waters, primarily including
subarctic water, upwelled undercurrent water, subtropical water, and surface runoff (Lynn and
Simpson, 1987; Parnell et al, 2010).

IV.2.A - WATER TEMPERATURE

Sea surface temperature (SST) data are discussed below and have been used as a proxy for nutrient
availability (water temperature is inversely related to nutrient availability). Although there appears to
be good evidence that seawater density also can be used as a proxy, and in some cases, may predict
nutrient availability better than temperature (Parnell et al 2010), long-term measurements of density
were not available for broad areas of Region Nine. In contrast, nearshore temperature measurements
have been ongoing for decades, resulting in readily accessible data sets.
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Table 8. Canopy coverage (km?) of the kelp beds from Laguna Beach to Imperial Beach
(kelp beds listed from north to south) from 2013 through 2022.
Kelp Bed 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
N Laguna Beach 0.142 0120 0080 0.074 0096 0133 0.015 0022 0.031 0.040
S Laguna Beach 0273 0165 0048 0.035 0032 0131 0.007 0001 0.012  0.005
South Laguna 0.038 0031 0016 0.006 0.003  0.048 - - 0.005  0.001
Dana Pt/Salt Creek ~ 0.835  0.528  0.137 0110 0.133  0.379 - 0.005  0.017  0.002
Capistrano Beach 0.099 0034 0007 0.012 0.0004 0.018 - - 0.006 -
Total F&W 9 1.385 0.879 0.287 0.237 0.264 0.709 0.022 0.028 0.071 0.048
San Clemente 1.097 0843  0.343 0187 0229 0.335 0031 0.009 0.004 -
San Mateo Point 0219 0199 0062 0.053 0033 0083 0.0001 - 0.007 -
San Onofre 0.767 0584 0043 0120 0.087 0127  0.001 - - -
Total F&W 8 2.083 1627 0.449 0359 0.349 0.545 0.032 0.009 0.011 0.000
Horno Canyon 0.125 0.055 0.019 0.010 0.011 0.008 - 0.003 - -
Barn Kelp 0.868 0741  0.085 0.133 0.096  0.092 - 0.234  0.262 -
Santa Margarita 0.080 - - - - - - - - -
Total F&W 7 1.073 0.795 0.104 0.143 0.107 0.100 0.000 0.237 0.262 0.000
North Carlsbad 0.125  0.086  0.047 - 0.004  0.038 - - - -
Agua Hedionda 0.102 0.065 0.016 - - - - - - -
Encina Power Plant ~ 0.352 0221  0.159  0.009 0.025  0.045 - - - -
Carlsbad State Bch 0.178 0.065 0.061 - 0.001 - - - - -
Total F&W 6 0.757 0.437 0.282 0.009 0.031 0.083 0.000 0.000 0.000 0.000
Leucadia 0541 0279 0414 0033 0010 0.053 0.009 0.006 - -
Encinitas 0231 0112 0113 0009 0.003  0.033 - 0.0003 - -
Cardiff 0.590  0.299  0.318 0.024 0.003  0.005 - - - -
Solana Beach 0.606  0.504  0.316 0.138 0.029  0.024 - - 0.006 -
Del Mar 0.056  0.027  0.034 - - - - - - -
Torrey Pines 0.081 - - - - - - - - -
Total F&W 5 2106 1221 1.195 0.204 0.045 0.114 0.009 0.006 0.006 0.000
La Jolla F&W 4 4006 2790 2968 0927 0694 1566  1.227 1.094 0.725  0.446
Point Loma F&W
382 5127 5121 5806  3.037 1.787 7.920 3.924 2545 1.882 1417
Imperial Beach
F&W 1 0526  1.183 1576  0.217 - . . . - -
TOTAL 17.064 14.053 12.667 5.134 3.277 11.037 5.213 3.919 2964 1.911
Red denotes warm-water years, blue denotes cold-water years, and neutral years are in black
"-" = no canopy area
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Oceanographic data from shore stations, data buoys, and thermistor strings were used to determine
potential effects on kelp bed extent during the study year. These data sources included:

. Data from automated shore stations at Newport Pier and Scripps Pier. At these
locations, automated samplers measured conductivity, water temperature, and fluorometry at
a frequency of one to four minutes. Samplers were mounted at a depth of two meters MLLW
at Newport Pier, and at five meters MLLW at Scripps Pier. These data were made available in
real time via the Southern California Coastal Ocean Observation System (SCCOOQOS) website
(www.scco0s.org).

. Data from the National Data Buoy Center (NDBC) for Oceanside and Point Loma
South were available in real time via the NDBC website (www.ndbc.noaa.gov). These data
buoys recorded water temperature, and wave height, period, and direction at least every 30
minutes (frequency varies for each buoy) from approximately one meter below the waterline.

. Data provided by the City of San Diego’s Ocean Monitoring Program from a thermistor
string approximately 3.8 kilometers west-northwest of Point Loma in 60 meters of water (City
of San Diego 2023). Sensors recorded water temperature at four-meter intervals from near the
sea surface to a depth of 54 meters MLLW.

. Data provided by the Orange County Sanitation District from a monitoring station
offshore of the Orange County coastline (Station 2106) in 75 meters of water (Orange County
Sanitation District, 2023). Sensors recorded water temperature at five-meter intervals from the
sea surface to near the bottom (a depth of 75 meters MLLW).

SSTs for 2021 and 2022 from Newport Pier, Oceanside, Scripps Pier, and Point Loma South, as well
as the Scripps Pier long-term harmonic mean, are presented in Figure 11. Graphs of SST values at
each of these individual locations are presented in Appendix E.

In 2021, SST values were usually warmer than average during January and February, as well as
during November and December (Figure 11). Below average SST values were recorded at times from
March through October, but much warmer than average SST values were also often observed during
these months. The highest surface water temperatures were recorded in July, August, and September
2021. In 2022, SST values were warmer than average for nearly all of January, February, and March,
as well as the first half of April (Figure 11). Below average SST values were recorded at times from
March through December, but much warmer than average SST values were also often observed
during these months. The warmest surface water temperatures were recorded in July, August, and
September, with higher maximum temperatures in 2022 than in 2021 during these months.

Daily SST values rarely fell below 14°C, below which nutrient availability is favorable for kelp forest
growth (Leichter et al., 2023), at Newport Pier in 2021 (only a few occasions in March) and not at all
in 2022. At Scripps Pier, daily SST values were below this threshold occasionally in January (four
times), February (one time), March (two times), and April (three times) in 2021, as well as occasionally
in March (one time) and April (three times) in 2022. Daily SST values did not fall below this threshold
at Oceanside or Point Loma at any time during 2021 or 2022.

MBC Aquatic Sciences Page 36



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

28.0 2021
Newport Pier

26.0 1 Oceanside

24.0 1 Scripps Pier

22.0 Point Loma South
(@)
< | Scripps Pier 60-Day
g 20.0 Harmonic 1917-2021
S
© 18.0 1
3]
o
£ 16.0 -
- %

14.0 { "W

12.0 A

10.0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

28.0 2022
Newport Pier

26.0 1 Oceanside

24.0 1 Scripps Pier

22.0 Point Loma South
O
< | Scripps Pier 60-Day
o 20.0 Harmonic 1917-2021
=}
S 18.0 -
)
Qo
£ 16.0 |
~ A

14.0

12.0 -

10.0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 11. Daily sea surface temperatures (SSTs) at Newport Pier, Oceanside,
Scripps Pier, and Point Loma South for 2021 with the long-term harmonic mean
for Scripps Pier SIO 60-Day Harmonic calculated from 1917 through 2021, and for
2022 with the long-term harmonic mean for Scripps Pier 60-day harmonic
calculated from 1917 through 2022).

Source: Southern California Coastal Ocean Observation System (SCCOOS)
(www.sccoos.org) and National Data Buoy Center (NDBC) (www.ndbc.noaa.gov).
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Temperature monitoring was accomplished via a thermistor string deployed off Point Loma in 2021
(data were missing in January and from late July through mid-September) and 2022 (data available
from March through December only from a depth of approximately 45 meters to 60 meters, and no
data available from October through December). In 2021, subsurface water temperatures (greater
than 10 meters depth) were often less than 14°C from February through July (and often colder), and
often below 14°C at depths of 20 to 30 meters from mid-September through December (Figure 12).
Water temperatures were often warmer than 17°C at depths shallower than 10 to 20 meters from May
through mid-July and from mid-September through November 2021, as well as in January and
February 2022.

Water temperatures offshore of the Orange County coastline at Station 2106 were nearly always warm
(above 14°C) from the surface down to a depth of 15 meters throughout 2021 and 2022, except during
late February 2021 when temperatures throughout the entire water column were cooler than 14°C
(Figure 13). Water temperatures in the upper 15 meters of the water column usually exceeded 16°C
from April through December 2021, and from April through June 2022 (no data available for the July
through December 2022 period). Water temperatures at depth greater than 30 meters were nearly
always cool (below 14°C) throughout 2021 and 2022, except during early January 2022 when
temperatures were slightly warmer. Cold temperatures (below 12°C) were recorded below a depth of
60 meters throughout 2021 and 2022.

The number of days with daily SST values less than 14°C was very low in 2021 and 2022 (well below
the long-term mean from 1994 to 2020) at Newport Pier and Scripps Pier, as has been the case each
year since 2013 (Figure 14). At Newport Pier, there were only 5 days with SST values below 14°C in
2021, and only 4 days in 2022, compared to a range of 56 to 64 such days during the three-year period
from 2011 to 2013. At Scripps Pier, there were 12 days with SST values below 14°C in 2021, and only
4 days in 2022, compared to a range of 51 to 72 such days during the three-year period from 2011 to
2013.

The numbers of days with daily SST values greater than 16°C in 2021 and 2022 at Newport Pier (221
and 184 days, respectively) and Scripps Pier (226 and 218 days, respectively) were similar to 2020
levels, but higher than the values recorded in 2011 (159 days at Newport Pier and 128 days at Scripps
Pier). The numbers of days with daily SST values greater than 18°C in 2021 and 2022 at Newport Pier
(87 and 107 days, respectively) and Scripps Pier (140 and 148 days, respectively) were also higher
than in 2011 (63 days at Newport Pier and 46 days at Scripps Pier). This was also the case for daily
SST values greater than 20°C in 2021 and 2022 at Newport Pier (22 and 49 days, respectively) and
Scripps Pier (52 and 84 days, respectively) compared to 2011 values (5 days at Newport Pier and 13
days at Scripps Pier).

In 2021 and 2022, the mean annual SST values at Newport Pier (16.9°C and 17.2°C) were lower than
in 2020 (17.4°C), but still higher than the long-term average (16.9°C) (Table 9). The mean annual
SST values in 2021 and 2022 at Scripps Pier (17.3°C and 17.7°C) were also lower than in 2020
(18.8°C). In addition, the annual mean for 2021 was lower than the long-term average for the first time
since 2013 and was equal to the long-term average for the first time since 2016.

MBC Aquatic Sciences Page 38



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Depth (m) 2021 Temperature °C
0
22
20 — 20
18
30 16
14
4D —]
12
50 10
ED —]
Feb Apr Jun Aug Oct Dec
0
2022
10 —
18
2ﬂ =
16
30 - 14
40 12
10
50
60 T
Feb Apr Jun Aug Oct Dec
Figure 12. Temperatures (°C) throughout the water column (near surface to a depth
of 60 m) off Point Loma during 2021 and 2022.
Note: white areas = no data recorded.
Source: City of San Dieqgo, 2023.
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Figure 13. Temperatures (°C) throughout the water column (near surface to a depth
of 75 m) off Orange County at Station 2106 during 2021 and 2022.

Source: Orange County Sanitation District, 2023.

Table 9. Comparison of mean temperature from 1994 through 2022 versus annual mean
temperature from 2013 through 2022 at Newport Pier and Scripps Pier.

Annual Mean SST (°C)

Mean
SST
(*C) 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
(1994-
2022)
N_ewport 16.6
Pier
SCripps |42 2
Pier

Note: red cells indicate years above the long-term mean and blue cells indicate years below the long-term mean.
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Figure 14. Number of days with SSTs >20°C, >18°C, >16°C, and <14°C at Newport Pier and Scripps
Pier from 2011 to 2020, and the mean from 1994 to 2019 (red line).
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IV.2.B - NUTRIENTS

The Nutrient Quotient (NQ) Index described by North and MBC (2001) provides a useful indicator of
the amount of nitrate that is theoretically available for uptake by kelp (in micrograms-per-gram per-
hour) (Haines and Wheeler 1978; Gerard 1982). This method allows for an inter-annual comparison
of the nutrients available to kelp, making it possible to pinpoint those years when nutrients were either
abundant or depleted, and to establish possible temporal trends.

This index is calculated for the 12-month period from July 1 through June 30 (i.e., the 2021 NQ Index
values shown on Figure 16 correspond to the period from July 1, 2021 to June 30, 2022, while the
2022 NQ Index values correspond to the period from July 1, 2022 to June 20, 2023). The NQ Index
was calculated for each of four locations (Newport Pier, Oceanside, Scripps Pier, and Point Loma) by
averaging the early-morning SST values at each station for each of the 12 months, assigning a point
score to each monthly SST average (1 point if the average falls between 16.01 and 17.00°C, 2 points
if between 15.01 and 16.00°C, 4 points if between 14.01 and 15.00°C, 8 points if between 13.01 and
14.00°C, and 14 points if between 12.01 and 13.00°C. The NQ for the 12-month period was the sum
of the monthly point scores.

The NQ calculations for four locations in Region Nine in 2021/2022 and in 2022/2023 are shown in
Tables 10 and 11. The 2021/2022 NQ Index was calculated to be 17 for Newport Pier, 8 for Oceanside,
10 for Scripps Pier, and 10 for Point Loma (Table 10). The NQ Index for Newport Pier was identical to
the value for 2020/2021, while the NQ Indices for Oceanside, Scripps Pier, and Point Loma were lower
than the 2020/2021 values (14, 14, and 12, respectively) (Figure 15). The 2022/2023 NQ Index was
calculated to be 28 for Newport Pier, 26 for Oceanside, 28 for Scripps Pier, and 17 for Point Loma
(Table 11). The NQ Indices for Newport Pier, Scripps Pier, and Point Loma were the highest values
recorded since 2011, while the NQ Index for Oceanside was the highest value ever recorded (since
2009, when values were first calculated for this location) (Figure 15).

However, these high index values for 2022/2023 are primarily due to the very low surface water
temperatures recorded in January through May of 2023, which would have no influence on kelp
canopies in calendar year 2022. If the nutrient index were to be recalculated for calendar year 2022,
the values would be 16 for Newport Pier, 8 for Oceanside, 6 for Scripps Pier, and 8 for Point Loma,
similar to the values calculated for the 2021/2022 period.

Historically, nutrient availability has shifted from waters with sufficient nitrate prior to the 1976/1977
regime shift, to depleted conditions thereafter (Parnell et al. 2010). The sensitivity of kelp canopies to
nutrient limitation appeared to have increased after 1977 and was evident by the strong correlation of
seawater density (6t) and density of giant kelp (Parnell et al. 2010). Unfortunately, density data were
not available throughout the RNKSC region. The NQ index recorded during the 1997/1998 El Nifio
indicated a particularly bad year for kelp beds in the Southern California Bight. During that season,
NQ values ranged from 3 to 11. In contrast, during 1988/1989, a year in which kelp beds reached their
maximum extents in several decades, NQ values ranged from 27 to 39 (Figure 15). The variability in
SSTs and nutrients was driven by prevailing flow characteristics and bathymetric features that resulted
in periodic upwelling along the rocky shores of the coastline, particularly at the Dana Point, La Jolla,
and Point Loma kelp beds.
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Table 10. Nutrient Quotient calculations for period from July 2021 to June 2022.

Monthly Average Temperature Ranges (°C)
(Weighting Factor Per Month)
Sites Total Nutrient
12.01to | 13.01to | 14.01to 15.01to 16.01to Quotient
13.00 14.00 15.00 16.00 17.00
(Calculation
(14 pts) | (8 pts) (4 pts) (2 pts) (1 pt) Formula)
Newport Jan 2022 Dec 2021 | Oct 2021 17
Pier Feb 2022 | Mar2022 | Nov2021 | (4ptsx2)+
Apr 2022 May 2022 | (2 ptsx 3) +
(Lptx3)
Oceanside Jan 2022 Dec 2021 8
Feb 2022 | Apr 2021 (2 pts x 3) +
Mar 2022 (1 ptx2)
Scripps Dec 2021 10
Pier
Jan 2021 (2 pts x 5) +
Feb 2021 (1 ptx0)
Mar 2021
Apr 2022
Point Dec 2021 | Apr 2022 10
Loma Jan 2022 | May 2022 | (2 pts x 4) +
Feb 2022 (1 ptx2)
Mar 2022
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Table 11. Nutrient Quotient calculations for period from July 2022 to June 2023.

Monthly Average Temperature Ranges (°C)
(Weighting Factor Per Month)
Sites Total Nutrient
12.01to | 13.01to | 14.01to 15.01to 16.01to Quotient
13.00 14.00 15.00 16.00 17.00
(Calculation

(14 pts) | (8 pts) (4 pts) (2 pts) (1 pt) Formula)

Newport Feb 2023 | Jan 2023 Dec 2022 | Nov 2022 28
Pier Mar 2023 | Apr 2023 May 2023 | (8 pts x 2) +
(4 ptsx 2) +
(2ptsx 1)+

(Lptx2)

Oceanside Feb 2023 | Jan 2023 | Dec 2022 26
Mar 2023 | Apr 2023 (8 pts x 2) +
(4 ptsx 2) +
(2ptsx 1)+

(1 ptx0)

Scripps Feb 2023 | Dec 2022 June 2023 29
Pier Mar 2023 | Jan 2023 (8 pts x 2) +
Apr 2023 (4 pts x 3) +
(2 pts x 0) +

(Iptx1)

Point Feb 2023 | Dec 2022 | May 2023 17
Loma Mar 2023 | Jan 2023 (4 pts x 3) +
Apr 2023 (2 ptsx 2) +

(Lptx1)
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Figure 15. Nutrient Quotient (NQ) values in Region Nine, 1967 to 2022 (red line = long-term

mean for site).
MBC Aquatic Sciences



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

IV.2.C - UPWELLING

The frictional stress of equatorial wind on the ocean’s surface, combined with the effect of the earth’s
rotation, causes water in the surface layer to move away from the western coast of continental land
masses. This offshore moving water is replaced by water which upwells, or flows, toward the surface,
from depths of 50 to 100 meters or more. Upwelled water is cooler and saltier than the original surface
water, and typically has much greater concentrations of nutrients, such as nitrates, phosphates and
silicates, that are key to sustaining biological production.

Upwelling in 2021 (at a location approximately 161 km west of Solana Beach) usually increased each
month from January through May, then decreased through December (Figure 16). In 2022, upwelling
increased each month from January through June, then decreased through December. Upwelling was
greater than the long-term average every month in 2021 (with the exception of August), and most
months in 2022 (with the exception of February, June, August, and September) (Figure 17). Upwelling
was strongest in both 2021 and 2022 from May through July, and weakest in January, November, and
December in 2021 and in January, February, November, and December in 2022.

IV.2.D - ENVIRONMENTAL INDICES

The El Nifio/Southern Oscillation (ENSO) is the most important coupled ocean-atmosphere
phenomenon affecting inter-annual climate variability. ENSO can be monitored via the Multivariate
ENSO Index (MEI), which is based on a suite of six variables observed over the tropical Pacific Ocean,
including sea-level pressure, zonal and meridional components of the surface winds, sea surface
temperatures, surface air temperatures, and the total cloudiness fraction of the sky
(https://www.esri.noaa.gov/psd/enso/mei/). Negative values of the MEI represented the cold ENSO
phase (i.e., La Nifia), while positive MEI values represented the warm ENSO phase (El Nifio).

The North Pacific Gyre Oscillation (NPGO) is a climate pattern that is based on sea surface height
variability in the Northeast Pacific Ocean. The NPGO is significantly correlated with fluctuations of
salinity, nutrients, and chlorophyll-a measured in long-term observations in the California Current and
Gulf of Alaska. Fluctuations in the NPGO are driven by regional and basin-scale variations in wind-
driven upwelling and horizontal advection, which are the fundamental processes controlling salinity
and nutrient concentrations. Nutrient fluctuations drive concomitant changes in phytoplankton
concentrations and may result in similar variability in higher trophic levels (http://www.03d.org/npgo/).

The Pacific Decadal Oscillation (PDO) is a long-lived El Nifio-like pattern of Pacific climate variability.
The PDO and ENSO have similar spatial climate fingerprints but exhibit very different behavior in time.
While twentieth century PDO events typically persist for 20 to 30 years, typical ENSO events tend to
persist for only 6 to 18 months. A “cool” PDO regime persisted from 1890 through 1924 and again
from 1947 through 1976, while a “warm” PDO regime dominated from 1923 through 1946 and from
1977 through the mid-1990s. Warm eras correlate with enhanced coastal ocean biological productivity
in Alaska and inhibited productivity off the west coast of the United States, while cold PDO eras
produce the opposite effect (https://www.ncdc.noaa.gov.teleconnections/pdo). Causes for PDO
fluctuations are not currently known.
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PFEL Upwelling Index - 33°N 119°W
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Figure 16. Monthly PFEL upwelling index at 33°N 119°W for 2021 and 2022 (compared to
75-year monthly mean from 1946 through 2022).

Source: https://coastwatch.pfeg.noaa.gov/erddap/griddap/erdUI33mo.html.
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Figure 17. Daily Upwelling Index anomalies at 33°N 119°W for 2021 and 2022 (positive
values indicate upwelling greater than the long-term mean from 1946 through 2020;
negative values indicate upwelling less than long-term mean).

Source: https://coastwatch.pfeg.noaa.gov/erddap/griddap/erdUI33mo.html.
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The MEI Index transitioned from negative (cold phase, or La Nifia condition) to positive (warm phase,
or El Nifio condition) in April 2014, then back to negative in September 2016 (Figure 18). The MEI
Index shifted to positive once again in May 2018 and throughout 2019, before transitioning back to
negative in early 2020. The MEI Index has remained negative since 2020 (through early 2023). The
PDO became positive in early 2014 (Figure 19; Mantua 2017; NOAA-ESRL 2018) and remained
mostly positive through mid-2017, but has been mostly negative since then (through May 2023). The
NPGO changed from positive to negative in October 2013 and has stayed negative for most of the
time since then through early 2023 (although it was positive for five months in 2016) (Figure 20; Di
Lorenzo 2017).

The negative MEI Index and PDO values since 2018 could indicate a return to cold water conditions.
But the strongly negative NPGO values in 2020 may have been indicative of lower productivity along
the Pacific coast during that period (Di Lorenzo et al. 2008; Leising et al. 2015). However, since 2020,
NPGO values have been less negative, perhaps indicating greater productivity.
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Figure 18. The Multivariate Enso Index (MEI) from 1979 through 2023.
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North Pacific Gyre Oscillation index
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Figure 19. The North Pacific Gyre Oscillation Index (NPGO) from 1950 through 2023.

Source:https:/marine.copernicus.eu/access-data/ocean-monitoring-indicators/north-pacific-gyre-
observations-reprocessing
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Figure 20. The Pacific Decadal Oscillation Index (PDO) from 1854 through 2023.

Source: https:://www.ncei.noaa.gov/pub/data/cmb/ersst/vs/index/ersst.v5.pdo.dat
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IV.2.E - WAVE HEIGHTS

Sea and swell height data from Coastal Data Information Program (CDIP) data buoys located off
Oceanside and Point Loma were available in real time via the CDIP website
(http://www.cdip.ucsd.edu). The Oceanside buoy is located at 33 10.765" N and 117 28.277" W,
approximately 4 nautical miles west-southwest of Oceanside Harbor. The Point Loma buoy is located
at 32 31.002' N and 117 25.512’ W, approximately 15.5 nautical miles west of Imperial Beach Pier.
Table 12 shows the occurrence of large waves (defined as 3 meters or more) in 2021 and 2022 at
these two locations, based on the maximum wave height recorded each day by the buoys. The
California coastal wave monitoring and prediction system predicts average swell heights each day
within offshore and nearshore areas of the Southern California Bight based on buoy observations.
Swell height predictions for several dates in 2021 and 2022 when the largest maximum waves
occurred are shown in Figures 19 to 25.

The direction of swells off Oceanside in 2021 and 2022 was predominately from the south-southwest
(202.5%), approximately 48% of the time in 2021 and 40% of the time in 2022 (Table 12), compared to
46% of the time in 2020. Waves also approached from the south (180°) approximately 16% of the time
in 2021 and 20% of the time in 2022, compared to 19% of the time in 2020. Offshore of Point Loma,
waves approached from the south-southwest approximately 24% of the time in 2021 and
approximately 19% of the time in 2022, compared to 26% in 2020. Waves approached from the south
approximately 22% of the time in 2021 and approximately 17% of the time in 2022, compared to 24%
of the time in 2020.

High-energy waves that negatively affect kelp beds usually are low-frequency, high-amplitude waves
approaching from the west (180°). Off Oceanside, waves approached from the west approximately
17% of the time in 2021 and approximately 16% of the time in 2022, compared to 16% of the time in
2020. Off Point Loma, waves approached from the west approximately 28% of the time in 2021 and
approximately 27 % of the time in 2022, compared to 25% of the time in 2020.

The occurrence of large waves (3 meters or more) off Oceanside and off Point Loma in 2021 and 2022
are shown in Table 13. The largest waves off Oceanside in 2021 were recorded on January 26" (4.4
meters), March 16" (4.7 meters), and December 14" and December 15" (5.7 and 4.6 meters,
respectively). Smaller waves were recorded in 2022, with a maximum of 3.6 meters on both April 13®
and May 8. Waves exceeding three meters were only recorded in January, February, March, May,
and December of 2021, and every month in 2022, except in January, June, and August. The largest
waves off Point Loma in 2021 were recorded on January 25™ (5.6 meters), December 14" and 15"
(5.7 and 5.2 meters, respectively), and in 2022 on March 4™, 51 and 6" (4.9, 5.2, and 5.6 meters,
respectively), March 20" and 215t (5.5 and 5.8 meters, respectively), March 30" (4.8 meters), April
12t and 13" (5.6 and 4.7 meters, respectively), and May 8™ and 9" (4.9 and 5.4 meters, respectively).
Waves exceeding three meters were recorded every month in 2021 (with the exception of July) and
every month in 2022.
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Table 12. Direction of swells in 2021 and 2022. Source: http://cdip.ucsd.edu.

Direction Oceanside Pont Loma South
2021 2022 2021 2022

West-northwest 2% 2% 12% 11%

(292.5°)

West 17% 16% 28% 37%

(2709

West-southwest 8% 11% 6% 8%

(247.5°

Southwest 9% 12% 7% 7%

(225°)

South- 48% 40% 24% 19%

southwest

(202.5°)

South 16% 20% 22% 17%

(180°)

South-southeast 1% 1%

(157.5°)

Wave and swell heights produced by major storms follow:

The storm that occurred on January 25, 2021 produced wave heights off Oceanside of 3.2
meters maximum and off Point Loma of 5.6 meters maximum (Table 13). This resulted in
predicted swell heights up to 3 feet along most of the coastline throughout Region Nine, with
swell heights up to 4 feet in offshore areas (Figure 21).

The storm that occurred on March 16, 2021 produced wave heights off Oceanside of 4.7
meters maximum (no data available for Point Loma), resulting in predicted swells up to 2 feet
along the coastline near Oceanside and areas to the north, with swells up to 4 feet along the
coastline from Oceanside to San Diego, as well as in most offshore areas (Figure 22).

The storm that occurred on December 14/15, 2021 produced wave heights off Oceanside of
up to 5.7 and 4.6 meters maximum on the 14™ and 15", respectively, and wave heights off
Point Loma of up to 5.7 and 5.2 meters maximum on the 14" and 15", respectively;
unfortunately, swell height data is not available for the coastline on that date.
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Table 13. Large waves (>3 meters) in 2021 and 2022.
Dates and Locations in 2021 Dates and Locations in 2022
Oceanside Point Loma Oceanside Point Loma
(meters) South (meters) (meters) South (meters)
1/1/21 3.0 4.2 1/1/22 4.4
1/2/21 3.6 1/5/22 3.5
1/3/21 3.9 1/12/22 3.6
1/4/21 3.3 1/13/22 3.6
1/5/21 3.3 1/14/22 3.1
1/6/21 3.6 1/15/22 3.7
1/7/21 35 1/16/22 3.3
1/8/21 3.3 1/25/22 3.1
1/11/21 4.0 2/15/22 3.1
1/12/21 3.7 2/16/22 3.3 3.4
1/13/21 3.2 212222 3.6
1/14/21 3.6 2123122 3.2 4.3
1/15/21 3.1 212422 4.4
1/17/21 3.6 3/1/22 3.0
1/18/21 3.3 3/3/22 3.1
1/19/21 34 3/4/22 4.9
1/24/21 3.2 3/5/22 5.2
1/25/21 3.2 5.6 3/6/22 5.6
1/26/21 4.4 3/10/22 3.1
1/27/21 3.7 3/14/22 3.2
1/29/21 3.3 3/16/22 3.4
1/30/21 3.3 3/17/22 4.3
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Table 13 (continued). Large waves (>3 meters) in 2021 and 2022.
Dates and Locations in 2021 Dates and Locations in 2022
Oceanside Point Loma Oceanside Point Loma
(meters) South (meters) (meters) South (meters)
2/2/21 3.3 3/18/22 3.1
2/12/21 3.2 3/20/22 55
2/13/21 3.1 3/21/22 3.2 5.8
2/14/21 3.2 3/22/22 3.2
2/17/21 3.0 3/29/22 4.3
2/20/21 3.3 3/30/22 3.3 4.8
2/21/21 3.3 3/31/22 35
2127121 3.0 4/4/22 3.2
2/28/21 3.0 4/5/22 3.5
3/3/21 3.3 3.2 4/6/22 3.8
3/4/21 3.5 3.3 4/9/22 3.4
3/7121 3.5 4/10/22 4.0
3/8/21 3.2 4/11/22 3.8
3/9/21 3.7 4/12/22 4.5 5.6
3/11/21 3.2 3.0 4/13/22 3.6 4.7
3/12/21 3.1 4/14/22 3.1
3/13/21 3.1 4/20/22 3.1
3/15/21 3.1 4/22/22 4.6
3/16/21 4.7 4/23/22 4.9
3/22/21 3.4 4/24/22 4.5
3/23/21 3.7 3.7 4/25/22 3.1
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Table 13 (continued). Large waves (>3 meters) in 2021 and 2022.
Dates and Locations in 2021 Dates and Locations in 2022
Oceanside Point Loma Oceanside Point Loma
(meters) South (meters) (meters) South (meters)
3/24/21 3.5 4/26/22 3.2
4/11/21 3.2 4/27/22 3.5
4/21/21 3.3 4/28/22 3.3
4/22/21 3.1 4/29/22 3.4
5/2/21 3.2 5/1/22 3.6
5/4/21 3.2 5/2/22 3.7
5/20/21 3.2 3.7 5/7/122 3.3
5/21/21 3.3 5/8/22 3.6 4.9
5/22/21 3.0 5/9/22 54
5/26/21 3.1 5/10/22 3.2 3.7
6/10/21 3.0 5/11/22 3.1 4.1
6/11/21 3.6 5/12/22 3.2 3.3
6/22/21 3.6 5/17/22 3.3
6/25/21 3.0 5/18/22 3.1
6/28/21 3.0 5/20/22 3.1
8/20/21 3.0 5/21/22 3.1
9/14/21 3.1 5/30/22 3.2 3.2
9/28/21 3.0 5/31/22 3.5
9/29/21 3.1 6/14/22 3.4
10/1/21 3.2 7/19/22 3.1 3.3
10/3/21 3.2 8/1/22 3.3
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Table 13 (continued). Large waves (>3 meters) in 2021 and 2022.
Dates and Locations in 2021 Dates and Locations in 2022
Oceanside Point Loma Oceanside Point Loma
(meters) South (meters) (meters) South (meters)

10/11/21 3.2 8/2/22 3.2
10/12/21 3.9 8/7/22 3.7
10/13/21 3.3 9/9/22 34
10/24/21 3.6 9/11/22 3.1 3.3
10/25/21 3.6 10/23/22 3.9 3.7
10/27/21 3.9 10/24/22 3.7
11/5/21 4.2 11/2/22 3.8
11/6/21 3.9 11/3/22 5.0 6.1
11/7/21 3.1 11/4/22 4.4 4.6
11/8/21 3.3 11/8/22 3.9
12/14/21 5.7 5.7 11/9/22 3.6
12/15/21 4.6 5.2 11/10/22 3.2
12/16/21 3.6 11/29/22 3.4
12/24/21 3.0 3.2 12/11/22 3.2 3.7
12/25/21 4.1 12/12/22 4.0
12/26/21 3.2 12/13/22 3.6
12/27/21 3.0 12/27/22 3.8
12/28/21 3.2 3.0 12/28/22 3.8
12/30/21 3.1 12/29/22 3.7

12/30/22 3.3
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e The storm that occurred on March 4/5/6, 2021 produced relatively small wave heights off
Oceanside on the 4th (less than 3 meters maximum), but no data is available for the 5" and
6", and wave heights off Point Loma of up to 4.9, 5.2, and 5.6 meters maximum on the 4%, 5t
and 6™, respectively. On March 4™, swells up to 2 to 3 feet were predicted along the coastline
near Oceanside and to the north and in offshore areas, while swells up to 4 feet were predicted
along the coastline south of Oceanside and up to 5 feet along coastline of San Diego, as well
as 4 to 5 foot swells in offshore areas (Figure 23). Larger swells were predicted on March 5™,
up to 4 feet along the coastline near Oceanside and most of the coastline to the north and in
offshore areas, and up to 6 feet along the coastline south of Oceanside and the San Diego
coastline, as well as in offshore areas. Predicted swells were smaller on March 6, up to 2 feet
along the coastline near Oceanside and to the north, as well as in offshore areas, and up to 4
feet along the coastline south of Oceanside and the San Diego coastline, as well as in offshore
areas.

e The storm that occurred on March 21, 2022 produced wave heights off Oceanside of 3.2
meters maximum and off Point Loma of 5.8 meters maximum. This resulted in predicted swells
up to 4 feet maximum along most of the coastline north of San Diego and in offshore areas,
with larger predicted swells up to 6 feet maximum along most of the San Diego coastline and
offshore (Figure 24).

e The storm on April 12, 2022 produced wave heights off Oceanside of 4.5 meters maximum
and off Point Loma of 5.6 meters maximum. This resulted in swell heights up to 2 feet along
the coastline near Oceanside and to the north, as well as offshore, and swells up to 4 feet
along the coastline south of Oceanside and the San Diego coastline, as well as in offshore
areas (Figure 25).

e The storm on May 8/9, 2022 produced wave heights off Oceanside of 3.6 meters maximum
on the 8™ (no data available on the 9") and off Point Loma of 4.9 and 5.4 meters on the 8%
and 9", respectively. On May 8™, this resulted in swell heights up to 4 feet maximum along the
entire Region Nine coastline, with swells up to a maximum of 4 to 6 feet in offshore areas
(Figure 26). On May 9", swell heights were also up to 4 feet maximum along the coastline
near Oceanside and to the north and in offshore areas, but larger swells at up to 6 feet
maximum along the coastline south of Oceanside and the San Diego coastline, as well as in
offshore areas.

e The storm on November 3/4, 2022 produced wave heights off Oceanside of 5.0 and 4.4 meters
maximum on the 3 and 4™, respectively, and off Point Loma of 6.1 and 4.6 meters maximum
on the 3 and 4™, respectively. On November 3, this resulted in swell heights up to 2 feet
maximum along the coastline near Oceanside and to the north, as well as in offshore areas,
and swells up to 4 feet along the coastline near San Diego and in offshore areas (Figure 27).
On May 9h, swells up to 2 feet maximum once again were recorded along the coastline near
Oceanside and to the north, as well as in offshore areas, but swells were smaller at up to 3
feet maximum along the coastline south of Oceanside and along the San Diego coastline, as
well as in offshore areas.

As was the case in 2020, storms in 2021 and 2022 occasionally produced swells up to 6 feet along
the Region Nine coastline. However, most storms during all three years usually produced smaller
swells up to a maximum of 4 feet along the coastline.
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Figure 21. Swell height and direction in the Southern California Bight on January 25, 2021.
Source: Coastal Data Information Program (CDIP), http://cdip.ucsd.edul/.
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Figure 22. Swell height and direction in the Southern California Bight on March 16, 2020.
Source: Coastal Data Information Program (CDIP), http://cdip.ucsd.edu/.
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Figure 23. Swell height and direction in the Southern California Bight on March 4,5 and 6, 2022.

Source: Coastal Data Information Program (CDIP), http://cdip.ucsd.edu/.

MBC Aquatic Sciences

Page 59



http://cdip.ucsd.edu/

Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

The Coastal Data Information Program Eiz=e
[(\:—I_){LBa( Integrative Oceanography Division Goeanography ]

Analysis Time - 21 Mar 2022 : 0000 PDT

Swell Height (ft) - Southern California Bight
I

0 2 4 6 8 10 12 14 16 18

Initialized with: Deep Water Swell
CDIP Monitoring and Souce  Hs(ft) Tp(s) Dp(*)
Prediction System 1 L -
: 104 11 310

: - Pt. Conception
345 i : I a2 .

Uncolored areas at the edges
Ventura of the map represent locations
e where mode! predictions are
' currently unavailable,

Los Angeles

a1}
=
=
=
- 338
33 e ‘ ]
. |.|
4 San
./ Diego
Jé5
Deep Water Directional Spectrum
| | | : |
121 1205 120 1195 1119 1185 114 1175 117
Longitude

Additional Information @ http:/fedip.ucsd.eduy
California Division U.5. Army Cerps of Engineers Office of Maval Research
of H Advanced Wave
Boating and Waterways Coastal Ocean Data System Prediction Pragram

Figure 24. Swell height and direction in the Southern California Bight on March 21, 2022.
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Figure 26. Swell height and direction in the Southern California Bight on May 8 and 9, 2022.
Source: Coastal Data Information Program (CDIP), http://cdip.ucsd.edu/.
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IV.2.F - RAINFALL
Periods of sustained high turbidity in southern California waters often result from high rainfall. Rainfall
data for 2021 and 2022 for Costa Mesa and San Diego are shown in Figure 28.

The total amount of rainfall in 2021 was well below average for Costa Mesa (8.9 inches compared to
an average of 13.3 inches) and for San Diego (7.8 inches compared to an average of 10.3 inches).
Although rainfall during the month of December was well above average in Costa Mesa, it was well
below average during January, February, March, April, and November, resulting in lower than normal
rainfall for the year. Rainfall was above average during the months of August, September, October,
and December in San Diego, but was slightly below average in January and March, and well below
average in February, April, and May, once again resulting in lower than normal rainfall for the year.
Total rainfall was even lower in 2022 for Costa Mesa (3.8 inches) and San Diego (5.9 inches). Rainfall
in Costa Mesa was normal in September and November, but well below average most other months.
Rainfall in San Diego was above average during the month of September, and close to average for
the months of March, November, and December. These low annual rainfall levels were unlikely to
generate any extended periods of high turbidity and would not be expected to have affected kelp beds
in 2021 or 2022.

IV.2.G - PHYTOPLANKTON

Harmful Algal Bloom (HAB) data were available in real time for certain locations via the SCCOOS
website (www.sccoos.org). However, no data on domoic acid concentrations were available for 2021
or 2022.

High concentrations of phytoplankton can effectively exclude light from all but the shallowest depths,
which could limit photosynthetic activity at depth and may have been responsible for a portion of the
severe impacts on the kelp bed resources observed in 2005 and 2006 (Gallegos and Jordan 2002,
Gallegos and Bergstrom 2005).

At Newport Pier, high concentrations of the Pseudo-nitzschia seriata group were recorded from
January through May 2021 and in February 2022, but concentrations were relatively low for most of
the period from June through December of 2021 and most of 2022 (Figure 29). The peak concentration
of Pseudo-nitzschia delicatissima group was recorded in May 2021, with relatively low concentrations
for most of 2021 and 2022. At Scripps Pier, high concentrations of the Pseudo-nitzschia seriata group
were recorded in April 2021, and April and May 2022 (Figure 30). High concentrations of the Pseudo-
nitzschia delicatissima group were recorded from January through May 2021, and from January
through August 2022. The phytoplankton concentrations recorded in 2021 and 2022 appear unlikely
to have impacted kelp beds.
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Figure 28. Monthly rainfall for 2021 and 2022 and historical average monthly rainfall
recorded for Costa Mesa (John Wayne Airport and San Diego (Lindbergh Field).
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Source: https://sccoos.org/harmful-algal-bloom/
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Figure 30. Phytoplankton Concentrations at Scripps Pier in 2021 and 2022.

Source: https://sccoos.org/harmful-algal-bloom/
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IV.3 - KELP RESTORATION

Kelp forest restoration aims to reverse the loss of these ecologically and economically important
coastal ecosystems. To be successful, restoration projects must first mitigate or remove the cause of
decline, which can include ocean warming, overgrazing, habitat destruction, pollution, and overfishing.
If there is sufficient propagule supply, removing grazers, adding hard substrate, remediating water
quality, or a combination of each, may be enough to restore populations. Additional actions are
required when local propagule supply is insufficient or recruitment is limited. Methods to overcome
these barriers include introducing reproductive material or donor plants into degraded areas via
seeding or transplanting. Notwithstanding these advances, most kelp restoration projects to date have
been small scale and short in duration (less than 2 years), and academically motivated. As a result,
guestions remain about how the field of kelp restoration can meet its goal of restoring populations at
scales that match those of degradation or loss (Eger et al., 2020).

General ecosystem restoration principles are well-established and can help guide kelp restoration.
These steps involve defining clear goals and criteria to evaluate success, which then allows for (1)
designing and (2) implementing the project, followed by (3) evaluating programs to determine if the
performance criteria are met. If criteria are not met, these previous steps allow for (4) identifying
reasons for failure and (5) using adaptive management to remediate the project to meet its goals (Eger
et al., 2020).

Substantial financial resources are needed to support restoration activity. Ecosystem restoration is
cost and labor intensive, with median costs of hundreds of thousands of dollars per hectare in marine
ecosystems. In addition, failure to engage with local stakeholders is likely to negatively influence the
success of restoration projects. Strong institutional support (national, regional, or local) from trusted
institutions (such as non-governmental organizations, private industry, and community groups) can
increase community support for and participation in restoration projects. In addition, government
institutions often have considerable resources to fund projects, as well as the legal authority to
mandate restoration work and incentivize restoration projects (Eger et al., 2020).

The protection and restoration of California’s kelp forests has emerged as a top priority for the
California Ocean Protection Council (OPC) and the California Department of Fish and Wildlife
(CDFW). Efforts initiated in 2019 and 2020 are providing resource managers with critical monitoring
data, an enhanced understanding of the drivers of kelp loss and persistence, and science-based
evaluations of potential kelp restoration approaches. However, significant knowledge gaps remain. In
support of OPC’s Strategic Plan to Protect California’s Coast and Ocean 2020-2025, an Interim Action
Plan was developed to summarize current state-supported kelp research and restoration initiatives,
as well as other relevant efforts in California; highlight key knowledge gaps; and outline priorities for
action in kelp research and monitoring, policy development, restoration, and community engagement
(California Ocean Protection Council, 2021). Those priorities include: completing pilot efforts;
developing science-based metrics for tracking kelp forest ecosystem health; implementing statewide
kelp forest monitoring based on those metrics; initiating the development of a kelp restoration and
management plan, which will include a restoration “toolkit’; and engaging with California’s coastal
communities and Native American Tribes. OPC has developed this interim Action Plan in partnership
with CDFW to serve as a starting point for discussion between resource managers, the academic
community, California Native American Tribes, coastal stakeholders (including the diving and fishing
communities), and members of the public.
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IV.3.1 Orange County

The Orange County Giant Kelp Restoration Project began in 2002 with an aim to restore historical
giant kelp forests along the Orange County Coastline via outreach and education. Orange County
Coastkeeper worked with volunteers to grow, plant, and monitor giant kelp in northern Orange Country.
Restoration sites, control sites, and a reference site were chosen in Crystal Cove State Park (Newport
Beach), Heisler Park (Laguna Beach) and Salt Creek (Dana Point). Volunteers working with marine
biologist Nancy Caruso also removed sea urchins that had overpopulated kelp reefs, relocating them
to deeper water. Following these projects, there was more kelp in the area than had been observed
for the previous 30 years. However, the warm water conditions since 2013 have contributed to
decreases in the sizes of kelp beds in these areas. One factor that may be impeding recovery of the
kelp beds is the abundance of an invasive species known as devil weed (Sargassum horneri). This
species forms dense beds and may crowd out giant kelp. Nancy Caruso (Get Inspired, Inc) is currently
seeking permission from CDFW to remove devil weed from a number of experimental sites to
determine whether this action would promote recovery of giant kelp. However, since these areas fall
within a marine protected area, legislative action would be required to allow this work to proceed.

IV.3.2 San Diego County

Beginning in 2002, the kelp beds at San Clemente were enhanced by the placement of approximately
50 small artificial reefs (each measuring 40 m x 40 m) on barren sand at depths of about 12 to 15 m.
Kelp immediately recruited to these reefs, and canopies in the shape of small squares were visible
during most of the aerial surveys of 2002 and 2003. In early 2008, Southern California Edison (SCE)
added additional reef material (covering 0.712 km? in total) and kelp recruited to the new reefs in late
2008. However, SCE determined that the 174-acre San Clemente reef was only sustaining
approximately half the volume of fish required by its 1991 agreement with the California Coastal
Commission (required to support 28 tons of fish and 150 acres of kelp forest annually for 32 years).
Monitoring results indicated that the reef was not on a trajectory to meet the mitigation goal for kelp
area (although this was met from 2010 through 2015, it was not met in 2009 or 2016) and fish standing
stock (was not met from 2009 through 2016).

In February 2019, the Coastal Commission approved the SCE proposal to construct an additional 210-
acre kelp reef to expand the existing 174-acre Wheeler North Reef. The project started in July 2019,
but was paused in October 2019 at the beginning of the lobster season. Construction resumed in early
June 2020 and was completed in July 2020, ahead of schedule. The reef now encompasses 376
acres, stretching from Seal Rock to Dana Point. According to scientists from the University of
California, Santa Barbara, Marine Science Institute, monitoring data collected in 2021 for the Wheeler
North Reef indicated that it was meeting most performance expectations (food chain support, resident
fish density, young-of-year density, fish species richness, fish reproductive rates, fish production,
sessile invertebrate percent cover, mobile invertebrate density, and total invertebrate species
richness), but did not meet the standards for algal percent cover or algal species richness.

A revised method for calculating mitigation credits was adopted in 2019. The annual standing stock of
fish and acreage of giant kelp at Wheeler North Reef are measured each year and will be summed
over time until they reach a cumulative total equivalent to the annual target x the number of years of
San Onofre Nuclear Generating Station (SONGS) operations (32 years). The reef produced 34 acres
of kelp in 2019, 4 acres in 2020, and 47 acres in 2021, as well as 18 tons of fish standing stock in
2019, 22 tons in 2020, and 28 tons in 2021. In total, 4,800 acres of giant kelp area credit will be
required for mitigation plus 896 tons of fish standing stock credit (presentation to San Onofre
Community Engagement Panel on May 19, 2022 by representatives of SONGS).
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IV.4 - KELP HARVESTING

The California Department of Fish and Wildlife (CDFW) has designated 87 administrative kelp beds
located offshore of California’s mainland coast and surrounding the Channel Islands. These kelp beds
contain giant kelp (Macrocystis) or bull kelp (Nereocystis), or a combination of both. As of November
2016, each kelp bed falls within one of the four management categories: open, leasable, lease only,
or closed (Table 14). Kelp areas 1 and 2 are open, 3 is leased, 4, 5, and 6 are leasable (except for
portions that are closed within marine protected areas), 7, 8, and 9 are open (except for portions of 9
that are closed within marine protected areas), and 10 is closed (see Figure 2 for designated kelp
areas).

Table 14. Administrative management categories for California kelp beds.

Open Available to harvest by all commercial kelp 33 kelp beds
harvesters

Leasable Available to harvest by commercial kelp 28 kelp beds
harvesters until an exclusive lease is granted (5 currently
by the California Fish and Wildlife leased)

Commission, then only available to lessee

Lease only Commercial harvest of kelp is prohibited 3 kelp beds
unless an exclusive lease is granted by the
California Fish and Wildlife Commission

Closed Commercial harvest of kelp is prohibited 18 kelp beds

Approximately 41% of the State’s kelp beds have been designated as available for leasing, while
approximately 38% have been designated as available for kelp harvest by any licensed kelp harvester
(ensuring that smaller kelp harvesters have access to kelp and are not shut out by lease agreements).
Approximately 21% of kelp beds are closed to kelp harvesting, as harvest has been deemed too
potentially disruptive to the environment.

All commercial harvesters of marine algae must purchase an annual commercial kelp harvester license
and abide by commercial algae harvest regulations (California Code of Regulations, Title 14, Sections
165 and 165.5). In 2020, 32 licenses were issued in California (13 for giant kelp). The license must
specify the intent to participate in specified seaweed harvesting categories. The categories differ in
the intended use. Historically (prior to 2011), the categories were edible seaweed, kelp, and
agar. Algae harvested as edible seaweed must be used for human consumption, while algae
harvested as kelp can be used for purposes other than human consumption, e.g., feed for cultivated
abalone. Algae harvested as agar historically were harvested for agar extraction, although this is not
a current use. In 2011, the Department split the kelp category on the licenses into giant kelp and bull
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kelp and added “bull kelp human consumption” as an option for edible seaweed to better understand
kelp targets and intended uses.

Eelgrass (Zostera species) and surfgrass (Phyllospadix species) are prohibited from commercial
harvest. There currently are no provisions for the commercial harvest of other large kelps, such as elk
kelp (Pelagophycus), feather boa kelp (Egregia), or members of the genus Pterygophora. Members
of the genera Porphyra, Laminaria, Monostrema, and other aquatic plants utilized fresh or preserved
as human food are classified as edible seaweeds. Agar-bearing marine algae are defined as members
of the genera Gelidium, Pterocladia, Gracilaria, Iridaea, Gloiopeltis, and Gigartina. Edible and agar
algae harvesting are governed by CDFW regulations.

Kelp harvesters may not cut attached giant and bull kelp at a depth greater than four feet below the
sea surface at the time of cutting, may not allow cut kelp to escape from harvest, must weigh and
report the amount harvested, and must pay a royalty to the State for each wet ton of kelp harvested.
A Commission-approved Kelp Harvest Plan is required for kelp bed lease holders and for the
mechanical harvest of kelp in all locations where harvest is allowed.

The California Fish and Game Commission adopted regulation amendments and new regulations for
commercial harvest of kelp and other marine algae that became effective on January 1, 2023. The
revised regulations include California Code of Regulations Title 14, sections 165 and 165.5, Appendix
A, and the new Section 705.1.These regulations include temporary changes that expire on Jan. 1,
2026. The changes aim to reduce harvest pressure on bull kelp, which is in decline in Sonoma and
Mendocino counties.

The new regulations pertain to all commercial harvest of marine algae. The more substantive changes
pertaining to licensing and reporting requirements include:

e The harvesting license is now known as the Kelp Harvesting License and Drying Application, and
will include a drying option for those who dry their harvest.

e Monthly harvest reports will require reporting the number of individuals harvesting for the business
during the reporting period, and central latitude/longitude coordinates of bull kelp harvest
locations.

e The Commercial Kelp Harvester's Monthly Report will require separating reporting weights for bull
kelp and giant kelp harvest.

In the future, CDFW also plans to review its Royalty Rates and License Fees schedule for commercial
harvesters. The royalty rates for kelp were established roughly 25 years ago at $1.71 per wet ton, and
the rates for edible seaweed and agar were established roughly 35 years ago at $24 and $17 per wet
ton, respectively.

Recreational harvest of marine algae for personal use is permitted in California. Those harvesting for
personal use must abide by the regulations governing the recreational harvest. The daily bag limit for
recreational harvesters of marine algae is 10 pounds wet weight in the aggregate. Commonly
harvested kelp and marine algae include bull kelp (Nereocystis luetkeana), giant kelp (Macrocystis
pyrifera), grapestone or Turkish washcloth (Mastocarpus papillatus), bladderwrack (Fucus distichus),
kombu (Laminaria setchellii), wakame (Alaria marginata), sea cabbage or sweet kombu (Saccharina
sessilis), bladder chain kelp or sea fern (Stephanocystis osmundacea), nori Pyropia spp.), and sea
lettuce (Ulva spp.). Recreational harvest regulations are under review (Rebecca Flores-Miller,
personal communication). Recreational harvesters are prohibited from harvesting or disturbing
eelgrass (Zostera spp.), surfgrass (Phyllospadix spp.), and sea palm (Postelsia palmaeformis). Marine
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aquatic plants may not be cut or harvested in state marine reserves. Regulations may prohibit cutting
or harvesting of marine aquatic plants within state marine conservation areas and state marine parks
(California Code of Regulations, Title 14, Section 632b). The extent of recreational kelp harvest is
unknown as recreational marine alga harvesters are not required to report harvest data and the
Department does not monitor the number of recreational harvesters or the amount of their
harvest. Department staff estimated that prior to 2000, less than 25 tons were harvested annually by
recreational and Tribal users (http://wildlife.ca.gov/Conservation/Marine/Kelp/Commercial-
Harvest).

Commercial marine algae harvest data are shown in Figure 31 for the period from 1931 to 2020
(https://marinespecies.wildlife.ca.gov/kelp/the-fishery/). Kelp harvesting peaked in the 1970s,
exceeding 150,000 metric tons per year in some years.

400,000 ¢
350,000
z
© 300,000
2
S 250,000
3
g 200,000
0
-
+ 150,000 ‘
o
2 100,000
©
I
50,000
of £ND
N © N O OV O u © u O N O N O u O u O v o v O
™ N N MO O &9 ¢ U N © O M M OO O O OO0 © © ™ v N
o O 0 O 0 00 0 OO0 0 0 0 0 0 0 60 0 0 0 0 O O
PR N W e e gl g ge g e e gmoiews el we om0 0N N N o
Figure 31. Commercial kelp harvest landings for giant and bull kelp from 1931 through 2020
(most is giant kelp). Red bars indicate El Nifio conditions (warm phase of ENSO) and blue
bars La Nifia (cool phase).
Source: https://marinespecies.wildlife.ca.gov/kelp/the-fishery/.
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However, kelp harvesting has been relatively low (less than 5,000 to 10,000 metric tons per year)
since 2006. It is unlikely that this low amount of kelp harvesting would have any impact on the health
of the kelp beds in Region Nine.

Table 15 illustrates how the RNKSC kelp bed designations correspond to the State of California’s
administrative lease kelp bed designations. Multiple RNKSC kelp beds fall within each of lease areas
5 through 9. Lease area 4 contains the La Jolla kelp bed, lease areas 2 and 3 contain the Point Loma
kelp bed, and lease area 1 contains the Imperial Beach kelp bed.

Table 15. Region Nine kelp bed designations compared to California Department of Fish and
Wildlife kelp bed designations.

F & W Lease Region Nine Kelp Bed Designations
Area

Bed 1 Imperial Beach

Beds 2 and 3 Point Loma

Bed 4 La Jolla

Bed 5 Leucadia, Encinitas, Cardiff, Solana Beach, Del Mar, Torrey Pines

Bed 6 North Carlsbad, Agua Hedionda, Encina Power Plant, Carlsbad State Beach
Bed 7 Horno Canyon, Barn Kelp, Santa Margarita

Bed 8 San Clemente, San Mateo Point, San Onofre

Bed 9 North Laguna Beach, South Laguna Beach, South Laguna, Dana Point/Salt

Creek, Capistrano Beach

V - CONCLUSIONS

The total kelp canopy in Region Nine declined in both 2021 and 2022, decreasing by 51% overall since
2020. The total kelp canopy was smaller in size than the long-term average, which has occurred in six
of the past seven years. The largest kelp beds in Region Nine were the La Jolla and Point Loma kelp
beds. Only two kelp beds (North Laguna Beach and Point Loma) in 2022 were larger than 10% of their
maximum extent recorded since 1983.

SST values throughout Region Nine were generally warmer than average in 2021 during the months
of January, February, November, and December, and warmer than average in 2022 from January
through mid-April. In addition, sea surface daily temperature values during these two years rarely fell
below 14°C, the threshold below which nutrient availability is favorable to kelp forest growth. There
were also a relatively low number of days with cold surface temperatures (lower than 14°C) and a
relatively high number of days with warm surface temperatures (greater than 16°C). These factors
probably created conditions unfavorable for kelp growth, contributing to the decreases in total kelp
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canopy observed in 2021 and 2022. Nutrient Quotient values were lower in 2021 and 2022 than in
2020, which also may have contributed to these declines.

VI - REFERENCES

California Ocean Protection Council. 2021. Interim Action Plan for Protecting and Restoring
California’s Kelp Forests.

City of San Diego. 2023. Thermistor data from offshore Point Loma.

Di Lorenzo, E. 2017. Monthly North Pacific Gyre Oscillation (NPGO) index values. Web site:
http://www.03d.org/npgo/npgo.php

Di Lorenzo, E., N. Schneider, K. Cobb, P. Franks, K. Chhak, A. Miller, J. Mcwilliams, S. Bograd, H.
Arango, and E. Curchitser. 2008. North Pacific Gyre Oscillation links ocean climate and ecosystem
change. Geophys. Res. Lett. 35:L08607.

Eger, A.M., A. Verges, C.G. Choi, H. Christie, M.A. Coleman, C.W. Fagerli, D. Fujita, M. Hasegawa,
J.H. Kim, M. Mayer-Pinto, D.C. Reed, P.D. Steinberg, and E.M. Marzinelli. 2020. Financial and
institutional support are important for large-scale kelp forest restoration. Front. Mar. Sci. 25:1-15.

Gallegos, C.L. and T.E. Jordan. 2002. Impact of the Spring 2000 phytoplankton bloom in Chesapeake
Bay on optical properties and light penetration in the Rhode River, Maryland. Estuaries 25(4A): 508-
518.

Gallegos, C.L. and P.W. Bergstrom. 2005. Effects of a Prorocentrum minimum bloom on light
availability for and potential impacts on submersed aquatic vegetation in upper Chesapeake Bay.
Harmful Algae 4(3): 553-574.

Gerard, V.A. 1982. In situ rates of nitrate uptake by giant kelp, Macrocystis pyrifera (L.) C. Agardh:
tissue differences, environmental effects, and predictions of nitrogen limited growth. Journal of
Experimental Marine Biology and Ecology 62: 211-224.

Haines, K.C. and P.A. Wheeler. 1978. Ammonium and nitrate uptake by the marine macrophytes
Hypnea musciformes (Rhodophyta) and Macrocystis pyrifera (Phaeophyta). Journal of Phycology 14:
319-324.

Kamykowski, D. and S.J. Zentara. 1986. Predicting plant nutrient concentrations from temperature
and sigma-t in the world ocean. Deep Sea Research 33:89-105.

Leichter, J.L., L.B. Ludah, P.E. Parnell, M.D. Stokes, M.T. Costa, J. Fumo, and P.K. Dayton. 2023.
Persistence of southern California giant kelp beds and alongshore variation in nutrient exposure driven
by seasonal upwelling and internal waves. Front. Mar. Sci. 10:1-15.

Leising, AW., I.D. Schroeder, S.J. Bograd, J. Abell, R. Durazo, G. Gaxiola-Castro, CICESE, E.
Bjorkstedt, J. Field, K. Sakuma, R. Goericke, W.T Peterson, R.D. Brodeur, C. Barcelo, T.D. Auth, E.A.
Daly, R.M. Suryan, A.J. Gladics, J.M. Porquez, S. McClatchie, E.D. Weber, W. Watson, J.A. Santora,
W.J. Sydeman, S.R. Melin, F.P. Chavez, R.T. Golightly, S.R. Schneider, J. Fisher, C. Morgan, R.
Bradley, and P.Warybok. 2015. State of the California Current 2014—-15: Impacts of the Warm-Water
“Blob”. CalCOFI Rep. 56:31-68.

MBC Aquatic Sciences Page 73



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Lynn, R.J. and J.J. Simpson. 1987. The California Current system: the seasonal variability of its
physical characteristics. J. Geophys. Res. 92:12,947-12,966.

Mantua, N. 2017. Standardized values for the Pacific Decadal Oscillation (PDO) index. Web site:
http://research.jisao.washington.edu/pdo/PDO.latest

National Oceanic and Atmospheric Administration (NOAA) Earth System Research Laboratory
(ESRL). 2020. Multivariate ENSO Index. Web site: http://www.esrl.noaa.gov/psd/enso/mei/index.html

National Oceanic and Atmospheric Administration (NOAA) National Data Buoy Center (NDBC). 2020.
Data Buoys. Web site: http://www.ndbc.noaa.gov

National Oceanic and Atmospheric Administration (NOAA) Pacific Fisheries Env. Lab. (PFEG). 2020.
Web site: http://www.pfeg.noaa.gov/products/PFEL/modeled/indices/upwelling/NA

National Oceanic and Atmospheric Administration (NOAA) Southwest Fisheries Sci. Center (SWFSC)
Env. Res. Div. (ERD). 2020. Web site: https://swfsc.noaa.gov/erd/

North, W.J. 2001. Analysis of aerial survey data and suggestions for followup activities. Prepared for
the Region Nine Kelp Survey Consortium. 27 p. plus appendices.

North, W.J., D.E. James and L.G. Jones. 1993. History of kelp beds in Orange and San Diego
Counties, California. Hydrobiologia 260/261:277-283.

North, W.J. and MBC Applied Environmental Sciences. 2001. Status of the kelp beds of San Diego
and Orange Counties for the years 1990 to 2000. Prepared for the Region Nine Kelp Survey
Consortium. Costa Mesa, CA.

Orange County Sanitation District. 2023. Thermistor data from offshore Orange County.

Parnell, P.E., E.F. Miller, C.E. Lennert-Cody, P.K. Dayton, M.L Carter, and T.D. Stebbins. 2010. The
response of giant kelp (Macrocystis pyrifera) in southern California to low-frequency climate forcing.
Limnology and Oceanography 55(6) 2686-2702.

SCCOOS (Southern California Coastal Ocean Observing System). 2019. HAB and ROMS data. Web
site: http://www.sccoos.org.

Schiel, D.R. and M.S. Foster. 2015. The biology and ecology of giant kelp forests. University of
California Press. 395 pages.

Tegner, M.J., P.B. Edwards and K.C. Riser. 1996. Is there evidence for long-term climatic changes in
southern California kelp forests? California Cooperative Fisheries Investigative Report 37:111-126.

Turner, C.H., E.E. Ebert, and R.R. Given. 1967. The marine environment offshore from Point Loma,
San Diego County. Fish Bulletin 140.

Wheeler, P.A. and W.J. North. 1980. Effect of nitrogen supply on nitrogen content and growth rates of
juvenile Macrocystis pyrifera (Phaeophyta) sporophytes. Journal of Phycology 16:577-582.

Zimmerman, R.C. and J.N. Kremer. 1984. Episodic nutrient supply to a kelp forest ecosystem in
southern California. Journal of Marine Research 42:591-604.

MBC Aquatic Sciences Page 74



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

APPENDIX A

KELP CANOPY MAPS
(A.1 TO A.46)
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LIFE HISTORY OF GIANT KELP

Kelp consists of a number of species of brown algae, of which 10 are typically found from Point
Conception to the Mexican Border (the Southern California Bight [SCB]). Compared to most other
algae, kelp species can attain remarkable size and long life span (Kain 1979; Dayton 1985; Reed et
al. 2006). Along the central and southern California coast, giant kelp Macrocystis pyrifera is the
largest species colonizing rocky (and in some cases sandy) subtidal habitats, and is the dominant
canopy-forming kelp. Giant kelp is a very important component of coastal and island communities in
southern California, providing food and habitat for numerous animals (North 1971; Patton and
Harmon 1983; Dayton 1985; Foster and Schiel 1985). Darwin (1860) noted the resemblance of the
three-dimensional structure of giant kelp stands to that of terrestrial forests. Because of its imposing
physical presence, giant kelp biology and ecology have been the focus of considerable research
since the early 1900s. Much effort was expended in the early years deciphering its enigmatic life
history (Neushul 1963; North 1971; Dayton 1985; Schiel and Foster 1986; Witman and Dayton 2001;
Reed et al. 2006). Giant kelp commonly attains lengths of 15 to 25 m and can be found at depths of
30 m. In conditions of unusually good water clarity, giant kelp may even thrive to depths of 45 m
(Dayton et al. 1984).

Giant kelp may form beds wherever suitable substrate occurs, typically on rocky, subtidal reefs
(North 1971). Such substrate must be free of continuous sediment intrusion. Giant kelp beds can
form in sandy-bottom habitats protected from direct swells where individuals will attach to worm
tubes; this occurs along portions of the Santa Barbara coastline (Bedford 2001). Like terrestrial
plants, algae undergo photosynthesis and therefore require light energy to generate sugars. For this
reason, light availability at depth is an important limiting factor to giant kelp growth. Greater water
clarity normally occurs at the offshore islands, and as a result, giant kelp is commonly found growing
there in depths exceeding 30 m. Along the mainland coast, high biological productivity, terrestrial
inputs and nearshore mixing result in greater turbidity and hence lower light levels. Consequently,
giant kelp generally does not commonly grow deeper than 20 m along the coastal shelf, although
exceptional conditions off San Diego produce impressively large beds that can grow vigorously
beyond 30 m.

Giant kelp has a complex life cycle and undergoes a
heteromorphic alternation of generations, where the
phenotypic expression of each generation does
as\ - S not resemble the generation before or after it
o (Appendix B.1). The stage of giant kelp that is

J most familiar is the adult canopy-forming diploid
\ sporophyte generation. Sporophyll blades at the

GANETORHYTES
M erumcspe

base of an adult giant kelp release zoospores,
especially in the presence of cold, nutrient-rich

<y waters. These zoospores disperse into the water
@‘E) column and generally settle a short distance
?W from the parent sporophyte (Reed et al. 1988).
‘/“;‘..'.”:1-7‘.);1‘ Within three weeks, the zoospores mature into

= . . .
— R microscopic male and female gametophytes that in
B i h turn  produce sperm and eggs. This second
S sATWG generation does not resemble the sporophyte.
The life cycle is completed when fertilization
of the gametophyte egg develops into the adult
Appendix B.1 Life cycle for giant kelp. sporophyte
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stage. Successful completion of the life cycle relies on the persistence of favorable conditions
throughout the process.

Giant kelp grows in groups called forests because erect bundles of fronds (stipes and blades)
resemble tree trunks, and spreading canopies at the sea surface represent the stems and leaves
(Dawson and Foster 1982). Macrocystis anchors to rocks (or occasionally in sand) by a holdfast, and
new fronds, comprised of stipes and attached blades, grow up to the sea surface at rapid rates.
Giant kelp is known as a biological facilitator (Bruno and Bertness 2001), where its three-
dimensional structure and the complexity of its holdfast provides substrate, refuge, reduction of
physical stress, and a food source for many fishes (Carr 1989) and invertebrates (Duggins et al.
1990). Stands of giant kelp can also affect flow characteristics in the nearshore zone, and enhance
recruitment (Duggins et al. 1990), thus increasing animal biomass. For these reasons, giant kelp is
also of great importance to sport and commercial fisheries.
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HISTORICAL KELP SURVEYS

Giant kelp bed size and health are known to be highly variable but there has been a
downward trend in canopy coverage since the inception of surveying in 1911 (Crandall
1912). In 1911, a mapping expedition of canopy-forming kelps along most of the Pacific
coast was conducted to determine the amount of potash (potassium carbonate, an essential
ingredient in explosives at the time) potentially available from the kelp. Using rowboats,
compass, and sextants to triangulate positions, U.S. Army Captain William Crandall
produced one of the most complete surface density kelp maps of the west coast of North
America. Using this methodology, all of the existing kelp beds in the Central Region and
Region Nine areas were mapped and these measurements have been used to define a
baseline for southern California kelp beds (Appendices B.2 and B.3).

Despite the value of Crandall’s maps, the accuracy of his measurements was questioned
(Hodder and Mel 1978 [SAl 1978], Neushul 1981). These authors contended that
measurement errors might have resulted from using a rowboat and triangulations from shore
to compute the bed perimeters, particularly on very large beds such as Palos Verdes, Point
Loma, and La Jolla. Although Crandall’s ability to accurately triangulate a position was
adequate, his measurements of large beds resulted from fewer fixed points and estimation of
the area between points. Modern aerial surveys reveal numerous holes and a fair degree of
patchiness in such beds. Crandall’'s estimates did not account for these natural gaps and
therefore the 1911 survey probably overestimated the size of these larger beds. Given this
ambiguity, Crandall's measurements should be viewed qualitatively rather than as
quantitative estimates comparable to aerial survey data taken since the 1920s. However, the
data are a very good approximation to use as a baseline. Anecdotal reports from area
stakeholders reported by Cameron (1915) indicate kelp beds in 1911 were in fairly poor
condition compared to previous years.

Although the historical El Nifio Southern Oscillation (ENSO) index suggests that the five
years prior to 1911 were favorable to the kelp, the Pacific Decadal Oscillation (PDO)
(another environmental metric that has historical data extending back to that period) is in
agreement with Cameron’s 1915 statement. While the PDO is a poor predictor of
oceanographic conditions in the Southern California Bight (Di Lorenzo et al. 2008), it does
correlate with sea surface temperature (SST). Therefore, it provides some insight into the
local hydrographic conditions at the time. The annual mean PDO was slightly negative
between 1909 and 1911, before transitioning to a warm phase from 1912 through 1915. This
is suggestive, but not conclusive, of lower nutrient concentrations in 1912—-1915 that would
result in poor kelp growth. To add further credibility to the premise that beds were larger than
current trends would indicate, aerial photos of Palos Verdes kelp beds taken in 1928
(measured by North in 1964) found the area to be more than 10% larger than Crandall
reported in 1911.

In 1964, Dr. Wheeler North, working for the State Water Quality Control Board (1964), re-
measured Crandall's Palos Verdes charts and found the 2.66 square nautical miles (Nm2
[9.12 km?]) Crandall reported to be very similar to his measurement of 2.42 Nm?, but North's
measurement did not include much of Malaga Cove (that added an additional 0.130 Nm? of
kelp to the Palos Verdes beds), resulting in North’'s measurement of about 2.55
Nm? (Appendices B.4-B.10; Crandall Maps).

Due to the large sizes reported by Crandall, Neushul (1981) assumed there was a scaling
error, re-measured the maps, and calculated a value that was 10% less than Crandall's
original measurement. However, Neushul (1981) wrote that his measurements resulted in
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Appendix B.2 Kelp beds of the California coast as described by Crandall in 1911.

Medium Imperial Beach 0.287 0.3801 0.9844

| Sheet52 |

1 VeryHeavy. Point Loma 5400 71516 18.5226
I VeryHeavy. La Jolla 2.300 3.0461 7.8893
3 Medium Del Mar 0.240 03178 0.8232
A N. Present No Solana Beach 0.000 0.0000 0.0000
E——— N. Present No Cardiff 0.000 0.0000 0.0000
[ Medium Encinitas 30% (0.970) 0.201 0.3854 0.9982
I 4 Medium Leucadia 50% (0.970) 0485 0.6423 1.6636
I 4 Medium Carlsbad St Bch 20% 0.194 02569 0.6654
[ | 5 Medium Encina Power 0.125 0.1655 0.4288
I 5 Medium Agua Hedionda 0125 0.1655 0.4288
[ 6 Medium Carlsbad 0.140 0.1854 0.4802
I Medium Santa Margarita 0.250 03311 0.8575
] 8 Thin Bam Kelp 0.370 04900 1.2691
- Thin Bam Kelp 0.080 0.1059 0.2744
I o Thin Bam Kelp 0.260 03443 0.8918
[ Thin Horno Canyon 0.050 0.0662 01715
I 2 Thin San Onofre 0.110 0.1457 0.3773
| 2 2 0000000 O Thin San Onofre 0.130 01722 0.4459
I 4 Thin San Onofre 0.060 0.0795 0.2058
I 15 Thin San Mateo 0.360 04768 1.2348
16 Thin San Clemente 0.060 0.0795 0.2058
I 7 Medium Capistrano 0.240 03178 0.8232
I s Medium Doheny 0.220 02914 0.7546
[ Medium Dana Point/Salt Creek 0.340 0.4503 1.1662
[ | N. Present Laguna Beach 0.000 0.0000
e 20 Medium Corona Del Mar 0.220 0.2914
I 2 Medium Cabrillo to Port Bend 0.760 1.0065
I 22 Thin Portuguese Bend 0.100 0.1324
I Thin Point Vicente, PV 0.070 0.0927
I 24 Medium PV Ptto Flat Rk, PV 1.600 2.1190
I s Medium Malaga Cove, PV 0.130 01722

[ chart1a [ Thin Sunset Beach 0.280 03708
I - Thin Topanga (50%) 0.005 0.0066
B 2 Thin Las Tunas (50%) 0.005 00066
I : Thin Big Rock 0.005 0.0066
I 1 Thin Las Flores 0.004 00053
[— 5 Thin La Costa 0.006 0.0079
| N. Present Malibu Point 0.000 0.0000
] 6 Thin Puerco/Amarillo (10%) 0.100 01324
I Thin ‘Latigo Canyon (13%) 0.130 01722
I - Thin Escondido Wash (17%) 0170 0.2251
I 5 Thin Paradise Cove (40%) 0.400 05297

[ Chart13 [ Thin PointDume (20%) 0.200 02649
I Thin Lechuza (33%) 0.037 0.0485
I Thin Pescador/Piedra (67 %) 0.073 0.0971
e Medium Nicolas Canyon (33%) 0.367 04855

[ | 8 Medium Leo Carillo (67%) 0733 09712
e N. Present Deer Crk 0.000 0.0000

17512 23192

only slight improvements from what Crandall measured: “The smaller areas obtained by
measurements from more recent maps of southern California kelp beds probably reflect both
a slight increase in mapping precision over Crandall's methods, and an actual decrease in
size.” In 2004, Crandall's original maps of Palos Verdes were re-measured by MBC Applied
Environmental Sciences (MBC) using computer-aided spatial estimation software (including
Malaga Cove), and the resulting area (2.57 Nm?) was about 3% smaller but very similar to
that reported by Crandall (2.66 Nm?). Therefore, the actual sizes of the beds that Crandall
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reported were probably relatively accurate because the areal survey extent and configuration
he reported was subsequently confirmed from contemporary charts (Hodder and Mel 1978,
Neushul 1981).

Thus, Crandall's kelp bed areas are retained as the baseline estimate, and the total
regional area was probably larger from 1928-1934 than the area Crandall measured in
1911. Based on the sizes of the Palos Verdes beds in 1928 (9.912 kmz) and La Jolla kelp
beds in 1934 (8.161 kmz) from aerial photos that North measured in 1964 (SWQCB
1964), the bed sizes were well above Crandall's measurements of 9.124 km? (2.66 Nm?)
for Palos Verdes (including the bed at Malaga Cove) and 7.889 km? (2.3 Nm? for La Jolla.
This lends credence to Cameron’s comment that kelp harvesters reported that the beds
were at minimal levels at the time of Crandall's survey, and suggests even larger losses
have occurred over time (Cameron 1915).

The next complete kelp survey of the southern California region was not undertaken until
1955. By that time, the beds in the Central Region had decreased greatly (to 6.750 kmz), and
were only 36% of that recorded in 1911 (18.815 km2). Beds in Region Nine were similarly
reduced to 40% (16.310 kmz) of the 1911 total of 41.563 km?®. The most significant loss
during this period was that of Sunset Kelp (offshore of Santa Monica); Sunset Kelp covered
almost 1.0 km?in 1911, but was very small by 1955. The Sunset kelp bed remained small or
completely missing through the intervening years, and the Palos Verdes beds were also
small, having decreased sometime after 1945. By 1947, the Palos Verdes beds were only
3.6 km?, and further to 1.5 km? by 1953. During an aerial survey conducted in 1963, kelp
canopies were in very poor condition, with Palos Verdes covering only 0.180 km? and the La
Jolla and Point Loma beds covering only 0.9 km®. Exceptionally good conditions in 1967
resulted in a total of 7.856 km? of kelp canopy coverage in the Central Region, but this was
only about 42% of the estimate from 1911. Palos Verdes kelp beds south of Point Vicente
were missing, but north of Point Vicente, they totaled almost 1.0 kmZ. In Region Nine, similar
results were observed in 1967 with the La Jolla/Point Loma kelp beds covering 3.03 km? and
the total for the region only 4.4 km?. La Jolla kelp bed was only about 0.330 km? in 1967, and
it stayed small until after 1975, when it became a consistently large kelp bed (over 1 kmz)
through most of the next four decades.

Restoration activities began in 1974 by the Kelp Habitat Improvement Project. At that time,
the Palos Verdes beds were only 0.015 km?Z. In 1975, after restoration, those beds began
increasing and covered 4.6 km? during the exceptionally favorable conditions in 1989 (North
and Jones 1991). The impetus provided by the 1989 La Nifia resulted in almost 6 km? of kelp
canopy in the Central Region and more than 16 km? in Region Nine, but kelp coverage
decreased to less than one-third of these totals during the subsequent two decades. In 2009
(Central) and 2008 (Region Nine), favorable conditions again increased canopy totals to
about 6.5 km? in the Central Region and 18.7 km? in Region Nine, larger than they had
been since 1967 and 1955, respectively (Appendix B.3).
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The Imperial Beach kelp bed south of San Diego measured 0.984 km? in 1911, and was never
again measured to be larger than about 0.727 km? for the rest of the century (occurring in 1987,
Appendix B.3). However, by the end of 2007, Imperial Beach kelp bed measured 1.493 km?
(Appendix B.3, MBC 2011b), almost 50% greater than what Crandall measured, lending further
credence to Cameron’s (1915) statement that beds were in poor condition in 1911 compared to
earlier years. It therefore follows that the Palos Verdes, La Jolla, and Point Loma kelp beds of
Central and Region Nine prior to 1911 were likely much larger than they are today.

As these measurements indicate, most of the beds remain smaller than those of a century ago.
Ongoing surveys attempt to determine what environmental factors have changed in the intervening
years to cause such large declines.
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Appendix B.3 Historical canopy coverage of the kelp beds from Laguna Beach to Imperial Beach from
1911 through 2019. Values represent an estimate of coverage utilizing varying methods over the years.

Canopy Area (km?)

Kelp Bed 1911 1934 1941 1955* 1959* 1963* 1967 1970 1975 1980 1983 1984
North Laguna Beach Tr ND ND p 0160 ND 0.001 0.011 0.003 0.036 0.035 0.025
South Laguna Beach Tr ND ND p ND ND 0.001 0.011 0.003 0.036 0.040 0.028
South Laguna Tr ND ND p 0.180 0.020 — 0.014 0.008 — 0.004 -
Dana Point-Salt Creek 1166 ND ND p p p 0.240 0.077 0.096 0.008 0.013 0.007
Capistrano Beach 1.578 ND ND p p p 0.080 0.050 0.070 0.020 - e
Total F&W 9 2.744 — — 2.020 0.340 0.020 0.322 0.163 0.180 0.100 0.092 0.060
San Clemente 0.206 ND ND 6310 3.710 0.010 0.080 0.050 0.070 0.020 —_ —
San Mateo Point 1.235 ND ND p p p — 0.057 0.140 0.360 0.163 0.045
San Onofre 1.029 ND ND p p p — — 0.300 0.160 0.102 0.031
Total F&W 8 2470 — — 6.310 3.710 0.010 0.080 0.107 0.510 0.540 0.265 0.076
Horno Canyon 0172 ND ND ND ND ND — - — —— — e
Barn Kelp 2435 ND ND 1370 ND 0130 0.017 0.019 0160 0.056 — —
Santa Margarita 0.858 ND ND ND ND ND — — — — — —
Total F&W 7 3.465 — — 1.370 — 0130 0.017 0.019 0.160 0.056 — —
North Carlsbad 0480 ND ND 2620 2520 1.180 0.009 0.060 0.100 0.120 — —
Agua Hedionda 0429 ND ND p p p — 0.006 0.036 0.019 — 0.001
Encina Power Plant 0.429 ND ND p p p — 0.025 0.144 0.074 — 0.002
Carlsbad State Beach 0.499 ND ND p p p 0.032 0.120 0.200 0.078 — —
Total F&W 6 1.837 — — 2620 2520 1.180 0.041 0.211 0.480 0.291 — 0.003
Leucadia 1.996 ND ND p p p 0.240 0.440 0.500 0.670 0.001 0.002
Encinitas 0.832 ND ND p p p 0.065 0.173 0153 0.228 — 0.016
Cardiff ND ND ND 0.340 0400 0160 0125 0.337 0.297 0.442 0.018 0.021
Solana Beach ND ND ND p p p 0.290 0.490 0.560 0.690 — 0.001
Del Mar 0.823 ND ND p p p 0.190 0.260 0.190 0.210 — —
Torrey Pines — — — — — — — — — — — —
Total F&W 5 3.651 — — 0.340 0.400 0.160 0910 1.700 1.700 2.240 0.019 0.040
La Jolla F&W 4 7.889 8161 7.847 1.660 6.490 0.640 0.330 0.290 0.840 1.900 0.032 0.034
Point Loma F&W 3&2 18.523 11.465 8.286 1.990 0.610 0.240 2.700 4.900 3.000 4.200 0.200 0.160
Imperial Beach F&W 1 0.984 ND ND ND ND ND — — — 0.350 — —
TOTAL 41.563 19.626 16.133 16.310 14.070 2.380 4.400 7.390 6.870 9.327 0.608 0.373

NOTE: *=Incomplete Data; Tr = Trace <100 m? 7 ND = No Data; p = part of above value; "—"=

red = warm year El Nino; blue =cold year La Nina; black = neutral year

Sources: 1934, 1941 from SWQCB (1964); 1955, 1959, 1963 from Neushul (1981); MBC (2007b-2012b, 2013-2017).
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Appendix B.3 (Cont.).

Canopy Area (km?)
Kelp Bed 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
North Laguna Beach 0.028 0.022 0.028 0.042 0.055 0.034 0.029 - — — — 0.001
South Laguna Beach 0.077 0.041 0.087 0.145 0.264 0.243 0.093 0.056 0.028 - - —
South Laguna — — — 0.023 0.041 0.023 0.030 0.009 0.006 0.005 — —

Dana Point-Salt Creek 0.036 0.031 0174 0568 0.878 0.329 0480 0.184 0.234 0116 0.076 0.061
Capistrano Beach = — — 0.032 0.233 0110 0.134 0.148 0.022 — — =
Total F&W 9 0141 0.094 0.289 0810 1.471 0.739 0.766 0397 0.290 0121 0.076 0.062

San Clemente — — 0.017 0124 0444 0304 0.243 0.044 0.051 0.010 0.010 0.047
San Mateo Point 0152 0.077 0.200 0432 0870 0472 0120 0.103 0.220 0.080 0.010 0.073
San Onofre 0.042 0.053 0.045 0.348 0638 0.763 0170 0.053 0.163 0.201 0.096 0.196
Total F&W 8 0194 0130 0.262 0.904 1.952 1.539 0.533 0.200 0434 0.291 0.116 0.316
Horno Canyon — — — 0.006 0.033 0.010 0.018 0.040 - — — —

Barn Kelp — — — 0.008 0116 0.382 0.262 0.124 0.002 0.010 0.172 0.204
Santa Margarita — — — — — — 0.049 0.009 — — — —

Total F&W 7 — — — 0.014 0149 0.392 0.329 0173 0.002 0.010 0172 0.204
North Carlsbad — — 0.031 0.049 0.096 0.119 0.044 0.004 0.018 0.020 0.008 —

Agua Hedionda 0.011 0.018 0.021 0.032 0.047 0.046 0.016 0.004 0.012 0.004 0.008 0.009
Encina Power Plant 0.024 0.045 0120 0.161 0.251 0179 0.083 0.025 0.022 0.011 0.058 0.032
Carlsbad State Beach 0.027 0.018 0.077 0.032 0.049 0.081 0.035 0.008 0.002 0.011 0.025 0.013
Total F&W 6 0.062 0.081 0.249 0.274 0443 0425 0178 0.041 0.054 0.046 0.099 0.054
Leucadia 0104 0.074 0426 0197 0291 0.341 0163 0.084 0.035 0.010 0.189 0.087
Encinitas 0.083 0.032 0177 0153 0.209 0.241 0.080 0.036 0.037 0.016 0.061 0.023
Cardiff 0176 0120 0.340 0.229 0575 0468 0.072 0.054 0.034 0.080 0.092 0.026
Solana Beach 0115 0120 0.367 0427 0488 0466 0.257 0.053 0.023 0108 0.134 0.003
Del Mar 0.008 0.021 0.081 0.063 0.104 0.082 0.097 0.006 0.003 0.029 0.082 —

Torrey Pines — — — Tr Tr — — — — — — —

Total F&W 5 0486 0.367 1.391 1.069 1.667 1.598 0.669 0.233 0.132 0.243 0.558 0.139
La Jolla F&W 4 0.720 0.930 2369 2.200 4.755 3.632 3.230 1.301 0681 1.119 0.824 0.371

Point Loma F&W 3&2 1.570 2100 3.682 2.322 5.842 5943 4310 1153 1.917 3.589 1134 1.187
Imperial Beach F&W 1 0.058 0.150 0.727 0.067 0.579 0.651 0370 0.111 0.025 0108 0.053 0.008

TOTAL 3173 3.702 8.242 7.593 16.279 14.268 10.015 3.498 3.510 5.419 3.032 2.341
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Appendix B.3 (Cont.).

Canopy Area (km?)

Kelp Bed 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
North Laguna Beach — — — — — — 0.0004 — — — — 0.002
South Laguna Beach — — — — — 0.005 0.0002 0.008 — — 0.001 0.025
South Laguna — — — 0.003 0.002 <0.001 0.004 0.009 0.003 — 0.004 0.023
Dana Point-Salt Creek 0.034 0.005 0.080 0170 0.314 0.432 0.303 0.278 0.123 — 0.302 1.068
Capistrano Beach — — <0.001 <0.001 0.044 0.118 0.069 0.008 — 0.011 0.002 0.071
Total F&W 9 0.034 0.005 0.080 0.173 0359 0.555 0.376 0.303 0126 0.011 0.309 1.189
San Clemente — — 0.006 0.005 0124 0316 0.352 0.182 0178 0.014 0.016 0.203
San Mateo Point 0.098 — 0.051 0.050 0.090 0.155 0.242 0123 0.258 0.016 0.201 0.487
San Onofre 0.108 <0.001 0.005 0.020 0.041 0.030 0.162 0.109 0.065 — 0.320 0.476
Total F&W 8 0.206 — 0.062 0.075 0.255 0.501 0.755 0414 0.501 0.030 0536 1.166
Horno Canyon — - — 0.002 0.034 — 0.001 — — — 0.015 0.083
Barn Kelp 0.178 — 0.310 0.375 0.547 0.667 0.492 0.075 0.064 — 0.466 0.858
Santa Margarita — — — — — — — - — — — e

Total F&W 7 0.178 — 0.310 0.377 0.581 0.667 0.494 0.075 0.064 — 0481 0.9M
North Carlsbad — 0.003 — — 0.017 0.053 0.017 0.003 0.013 — 0.026 0.108
Agua Hedionda — — — — — <0.001 0.002 0.001 0.008 — 0.016 0.080
Encina Power Plant 0.013 — — 0.002 0.029 0.097 0.178 0.067 0.001 — 0.081 0.306
Carlsbad State Beach — — — 0.003 0.023 0.047 0.002 0.0001 — — 0.064 0.121
Total F&W 6 0.013 0.003 — 0.005 0.069 0.197 0.199 0.070 0.023 — 0187 0.615
Leucadia 0.062 — 0.015 0.090 0.209 0.334 0.185 0.048 0.001 0.016 0.233 0.421
Encinitas 0.048 — 0.029 0.040 0.131 0.153 0.050 0.016 - 0.002 0.205 0.346
Cardiff 0.031 0.016 0.063 0.150 0.309 0.405 0.202 0.045 — 0.004 0.286 0.484
Solana Beach 0.073 0.009 0.091 0.200 0407 0.488 0.245 0.022 0.093 0.0003 0.457 0.823
Del Mar Tr 0.004 — 0.006 0.015 0.035 0.030 — — — 0.037 0.057
Torrey Pines — — — — — — — — — 0.010 — 0.001
Total F&W 5 0.214 0.029 0198 048 1.071 1415 0.712 0131 0.094 0.032 1.218 2133
La Jolla F&W 4 0478 0.215 1146 1.250 2555 3.366 3.444 1.029 0873 0117 2750 4.145
Point Loma F&W 3&2 2235 0.295 1.725 3.290 6.574 3.799 4.509 1.924 2152 1.767 3.616 6.623
Imperial Beach F&W 1 0.027 — 0.019 0.020 0.078 0.210 0.083 0.191 0400 0400 1.493 1.895
TOTAL 3.385 0.547 3.540 5.676 11.542 10.710 10.572 4.136 4.233 2.358 10.591 18.706
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Appendix B.3 (Cont.).

Kelp Bed 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
North Laguna Beach 0.005 0.093 0147 0192 0142 0120 0.080 0.074 0.096 0.133 0.015
South Laguna Beach 0.058 0.098 0.221 0.214 0.273 0165 0.048 0.035 0.032 0.131 0.007
South Laguna 0.017 0.023 0.018 0.017 0.038 0.031 0.016 0.006 0.003 0.048 —
Dana Point-Salt Creek 0.892 0.839 0442 0607 0.835 0.528 0.137 0110 0.133 0.379 —
Capistrano Beach 0.071 0124 0.010 0.056 0.099 0.034 0.007 0.012 0.0004 0.018 —
Total F&W 9 1.043 1178 0.838 1.086 1.385 0.879 0.287 0.237 0.264 0.709 0.022
San Clemente 0.210 0.710 0.795 0.874 1.097 0.843 0.343 0187 0.229 0.335 0.031
San Mateo Point 0.545 0583 0203 0.216 0219 0.199 0.062 0.053 0.033 0.083 0.0001
San Onofre 0.419 0458 0127 0191 0.767 0.584 0.043 0120 0.087 0.127 0.001
Total F&W 8 1174 1.750 1124 1.281 2.083 1.627 0.449 0.359 0.349 0.545 0.032
Horno Canyon 0.018 0.081 — 0.008 0.125 0.055 0.019 0.010 0.011 0.008 —
Barn Kelp 0.926 0500 0.095 0442 0868 0.741 0.085 0133 0.096 0.092 —
Santa Margarita —_ —_ — — 0.080 — — — — — —
Total F&W 7 0.944 0.581 0.095 0450 1.073 0.795 0.104 0.143 0.107 0.100 0.000
North Carlsbad 0135 0.078 0.017 0.052 0125 0.086 0.047 — 0.004 0.038 —
Agua Hedionda 0.092 0.031 0.022 0.046 0102 0.065 0.016 — — — —
Encina Power Plant 0.215 0.176 0.084 0.216 0.352 0.221 0.159 0.009 0.025 0.045 —
Carlsbad State Beach 0.127 0.069 0.024 0.058 0178 0.065 0.061 —_ 0.001 — —
Total F&W 6 0.569 0.354 0147 0.372 0.757 0.437 0.282 0.009 0.031 0.083 0.000
Leucadia 0429 0.215 0119 0.232 0541 0279 0414 0.033 0.010 0.053 0.009
Encinitas 0.205 0128 0124 0.260 0.231 0112 0.113 0.009 0.003 0.033 —
Cardiff 0.520 0.213 0.395 0459 0590 0.299 0.318 0.024 0.003 0.005 —
Solana Beach 0.505 0.328 0.504 0442 0.606 0.504 0.316 0138 0.029 0.024 —
Del Mar 0.044 0.038 0.074 0.024 0.056 0.027 0.034 — — — —
Torrey Pines 0.0004 0.003 0.031 0.034 0.081 — — — — — —
Total F&W 5 1.703 0925 1.247 1.452 2106 1.221 1195 0.204 0.045 0.114 0.009
LaJolla F&W 4 2,274 2.776 2565 1.569 4.006 2.790 2.968 0927 0.694 1.566 1.227

Point Loma F&W 3&2 4.909 3.977 4.212 5340 5127 5121 5806 3.037 1.787 7.920 3.924
Imperial Beach F&W1  0.861 0.004 0152 0.333 0526 1.183 1.576 0.217 - — —_

TOTAL 13.476 11.545 10379 11.882 17.064 14.053 12.667 5.134 3.277 11.037 5.213
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Appendix B.3 (Cont.)

Kelp Bed 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
N Laguna Beach 0.022 0.031 0.040
S Laguna Beach 0.001 0.012 0.005
South Laguna - 0.005 0.001
Dana Pt/Salt Creek 0.005 0.017 0.002
Capistrano Beach - 0.006 -
Total F&W 9 0.028 0.071 0.048
San Clemente 0.009 0.004 -
San Mateo Point - 0.007 -
San Onofre - - -
Total F&W 8 0.009 0.011 0.000
Horno Canyon 0.003 - -
Barn Kelp 0.234 0.262 -
Santa Margarita - - -
Total F&W 7 0.237 0.262 0.000
North Carlsbad - - -
Agua Hedionda - - -
Encina Power Plant - - -
Carlsbad State Bch - - -
Total F&W 6 0.000 0.000 0.000
Leucadia 0.006 - -
Encinitas 0.0003 - -
Cardiff - - -
Solana Beach - 0.006 -
Del Mar - - -
Torrey Pines - - -
Total F&W 5 0.006 0.006 0.000
La Jolla F&W 4 1.094 0.725 0.446
Point Loma F&W
3&2 2.545 1.882 1.417
Imperial Beach
F&W 1 - - -
TOTAL 3.919 2.964 1.911
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Appendix B.4 Crandall's 1911 kelp survey Deer
Creek to Ballona Creek.
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Appendix B.5 Crandall's 1911 kelp survey Palos Verdes to Los Angeles Harhor.
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Appendix B.6 Crandall's 1911 kelp bed survey Newport to San Onofre.
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Appendix B.7 Crandall's 1911 kelp bed survey San Onofre to Del Mar.
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Appendix B.8 Crandall's 1911 kelp bed survey San Juan to Encinitas.
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Appendix B.9 Crandall's 1911 kelp bed survey La Jolla to Point Loma.
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Appendix B.10 Crandall's 1911 kelp bed survey La Jolla to Imperial Beach.
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APPENDIX C

FLIGHT PATH
FLIGHT DATA REPORTS
FIELD DATA SHEETS
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Ecoscan Resource Data
Data Acquisition
Flight Data Report

- Contracting Agency/Contact.

‘ContractiOrder #/Agency File #

Contracting Agency:

MBC Applied Environmental Sciences Contract/Order #:
Division: Agency File #:
Contact/Title: Michael Lyons : Calendar
Address: 3000 Redhill Ave. Services Ordered: 3721
City/State/Zip: Costa Mesa, CA 92626 Data Acquisition Completed: 372821
Phone 1/Phone 2: (714) 850-4830 Draft Report Materials Due:
Fax/E-Mail: (714) 850-4840 Final Report Materials Due: 4/21
' Project TitleITarget Resource (s)- Survgy‘R‘_ange, (s)/Survey Data Fiow
Project Title California Coastal Kelp Resources - Ventura to Imperial Beach - March 28, 2021
Target Coastal Kelp Canopies
Resource (s)/ Ventura Harbor to Imperial Beach {map pages 57-72)
Survey Range (s)
s Acquisition | Vertical color IR digital imagery of all coastal kelp canopies within the survey range
;;vt:y Processing | Survey imagery indexed and delivered to MBC for further processing and analysis
Flow Analysis

Presentation | All survey imagery presented with 8"x10" contact sheets (12 images/per page)

March 28, 2021

Lo Survey Type ._Aireraft/limagery Data [ Agsociated Conditions
Aerial Transportation/Observation Aircraft: Cessna 182 Sky Conditions: Clear
e Photographic Film imagery - 35 mm Aititude: 13,500 MSL Sun Angle: > 20 degrees from vertical
Photographic Film Imagery - 70 mm Speed: 100 kis. Visibility: 50+ miles
J/ | Digital Color/Color Infrared Imagery Camera: Nikon D200 Wind: Less than 5 knots
Videography Lenses: 30mm (see note) | Sea/Swell: 3-4 feet
Radio Telemetry Film: Digital Color IR | Time: 1348-1525
Radiometry/Geophysical Measurements Angle: Vertical Tide: 0.9' (+) to 0.5' (-) MLLW
Other 1: Photo Scale: As Displayed Shadow: None
Other 2: Pilot: Unsicker Other:
Other 3: Photographer:  Van Wagenen Comments: Excellent Conditions
Ventura Harbor to Imperial Beach.
Range (s)
Surveyed
Target Kelp Canopies |Asin t_he I‘:)eoember 2020 quarterly survey, kglp canopies throughout the range show_ed a
reduction in surface extent, and the only significant kelp observed was on the north side of the
Resourf:e Palos Verdes peninsula and from LaJolla to Pt. Loma.
Observations
Excelient Al surface kelp canopies were photographed within the above range. All of the imagery was
Imagery . )
Quality/ judged of excellent quality.
Comments | .. Note 30mm (digital SLR camera) is similiar focal length to 50mm (35mm film camera) SLR)mera)

MBC Aquatic Sciences

%ﬁ Signed: Bob Van Wagenen, Director
Ecoscan ResourceData
143 Browns Valley R. / \ Gopy To:
Watsonville, CA 95076
(831) 728-5900 (ph.ffax) . g Rt
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Ecoscan Resource Data
Data Acquisition
Flight Data Report

Contracting Agency/Contact =

" 'Contract/Order #/Agency File # .

contracting Agency: MBC Applied Environmental Sciences Contract/Order #:
Division: Agency File #:
Contact/Title: Michael Lyons L "Calendar
Address: 3000 Redhill Ave. Services Ordered: 6/21
City/State/Zip: Costa Mesa, CA 92626 Data Acquisition Completed: mia21
Phone 1/Phone 2: (714) 850-4830 Draft Report Materials Due:
Fax/E-Mail: (714) 850-4840 Final Report Materials Due: 721
'Pi'djpct_ Title/Target Re‘sburqf_;f {s)-Su rvey'Ra_‘nge“(s')ISurvey_Dét:a Fiow ' ; 3
Project Title California Coastal Kelp Resources - Ventura to Imperial Beach - July 16, 2021
Target Coastal Kelp Canopies
Resource (s)/ Ventura Harbor to Oceanside (map pages 57-68)
Survey Range (s}
s Acquisition | Vertical color IR digitat imagery of all coastal kelp canopies within the survey range
;;";y Processing | Survey imagery indexed and delivered to MBC for further processing and analysis
Analysis
Flow . . . .
Presentation ; All survey imagery presented with 8"x10" contact sheets (12 images/per page)

S,urvey,'l"ype‘ L

July 16, 2021

MBC Aquatic Sciences

e - | Aircraftiimagery Data . _ -~ 'Associated Conditions
( — | Aerial Transportation/Observation Aircraft: Cessna 182 Sky Conditions: Clear
Photographic Film Imagery - 35 mm Altitude: 13,500" MSL Sun Angle: > 20 degrees from vertical
Photographic Film Imagery - 70 mm Speed: 100 kts. Visibility: 50+ miles
V| Digital Color/Color Infrared Imagery Camera: Nikon D200 Wind: Less than 5 knots
Videography Lenses: 30mm (see note) | Sea/Swell: 3-4 fest
Radio Telemetry Film: Digital Color IR | Time: 1608-1537
Radiometry/Geophysical Measurements Angle: Vertical Tide: 4.5 (+)t0 3.7 (+) MLLW
Other 1: Photo Scale: As Displayed Shadow: None
Other 2: Pilot: Unsicker Other:
Other 3: Photographer:  Van Wagenen Comments: Excelfent Conditions
Ventura Harbor to Cceanside. Canopies south of Oceanside were obscurred by coastal fog and not recorded on
Range(s) {7/16 A second survey was conducted on 7/17 within the range of Oceanside to Imperiai Beach and ail surface
Surveyed | conopies (only seen from La Jolla to Point Loma) were recorded
Target Kelp Canopies As in the March 2021 quarterly survey, kelp canopies throughout the range showed a reduction
R g in surface extent, and the only significant kelp observed within the range surveyed was on the
esource Palos Verdes penninsula. Small surface canopies were observed from Point Mugu to Point
Observations Dume . P
Exceflent All surface kelp canopies were photographed within the above range. All of the imagery was
Imagery judged of excellent quality.
Quality/ '
Comments Lens Note 30mm (digital SLR camera) is similiar focal length to 50mm (36mm film camera) SLR)mera)
E R b Digmmtesy Signed: Bob Van Wagenen, Director
[ 143 Browns Valley Rd. / \, Copy To:
Watsonville, CA 95076 )
(831) 728-5900 (ph./fax)
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Ecoscan Resource Data
Data Acquisition
Flight Data Report

_ Contracting Agency/Contact.

. ContractiOrder #/Agency File #

Contracting Agency:

Resource (s)/
Survey Range (s)

Newport to Imperial Beach (map pages 65-72)

MBC Applied Environmental Sciences Contract/Order #:
Division: Agency File #:
Contact/Title: Michael Lyons L e alendar
Address: 3000 Redhill Ave. Services Ordered: 9/21
City/State/Zip: Costa Mesa, CA 92626 Data Acquisition Completed: 9/29/21
Phone 1/Phone 2: (714) 850-4830 Draft Report Materials Due:

Fax/E-Mail: (714) 8504840 Final Report Materials Due: 10/21 i
. " ProjectTitie[Target Resource (s)- Survey Range (s)/Survey DataFlow = =
Project Title California Coastal Kelp Resources - Newport to Imperial Beach - September 29, 2021

Target Coastal Kelp Canopies

s Acquisition
urvey Processing
Data Analysis
Flow p .

resentation

Vertical color IR digital imagery of all coastal kelp canopies within the survey range
Survey imagery indexed and delivered to MBC for further processing and analysis

All survey imagery presented with 8"x10" contact sheets {12 images/per page)

September 29, 2021

Observations

LaJolla and Poeint Loma.

- :Survey Type. Aircraftimagery Data. . . Associated Conditions
( h Aerial Transportation/Observation Aircraft: Cessna 182 Sky Conditions: Clear
Photographic Film Imagery - 35 mm Altitude: 13,500' MSL Sun Angle: > 20 degrees from vertical
Photographic Film Imagery - 70 mm Speed: 100 kts. Visibility: 50+ miles
v | Digital Color/Color Infrared Imagery Camera: Nikon D200 Wind: Less than 5 knots
Videography Lenses: 30mm (see note) | Sea/Swell: 1-3 feet
Radio Telemetry Film: Digital Color IR | Time: 1517-1601
Radiometry/Geophysical Measurements Angle: Vertical Tide: 4.2' (+) MLLW
Other 1: Photo Scale: As Displayed Shadow: None
Other 2: Pilot: Unsicker Other:
Other 3: Photographer:  Van Wagenen Comments: Excellent Conditions
Newport to Imperial Beach (map pages 65-72)
Range (s)
Surveyed
Target Kelp Canopies [ As in the July 2021 quarterly survey, kelp canopies throyg.hout the range showed a reduction in
Resource surface extent, and the only significant kelp observed within the range surveyed was between

Excellent
Imagery
Quality/
Comments Lens Note

All surface kelp canopies were photographed within the above range. All of the imagery was
judged of excellent quality.

30mm (digital SLR camera) is similiar focal length to 50mm (35mm film camera) SLR)mera)

) Signed: Bob Van Wagenen, Director
k ~ | 143 Browns Valley Rd. Copy To:
Watsonville, CA 95076
(831) 728-5900 (ph./fax)
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Ecoscan Resource Data

Data Acquisition

Flight Data Report

Contracting Agency/Contact Contfacthrder #lAgenc_y File #
Contracting Agency: MBC Applied Environmental Sciences Contract/Order #:
Division: Agency File #:
Contact/Title: Michael Lyons i Calendar
Address: 3000 Redhill Ave. Services Ordered: 12121
City/State/Zip: Costa Mesa, CA 92626 Data Acquisition Completed: 11212022
Phone 1/Phone 2: (714) 850-4830 Draft Report Materials Due:
Fax/E-Mail: (714) 850-4840 Final Report Materials Due: 1/2022
Project TitlefT. arget Resource (s)- Sun(ey’Rahgé (s)/Survey Data Flow
Project Title California Coastal Kelp Resources - Newport to Imperial Beach - January 2, 2022
Target Coastal Kelp Canopies
Resource (s)/ Newport to Imperial Beach (map pages 65-72)
Survey Range (s) ’

Survey

Processin,
Data _g
Analysis
Flow .
Presentation

Acquisition | Vertical color IR digital imagery of all coastal kelp canopies within the survey range
Survey imagery indexed and delivered to MBC for further processing and analysis

All survey imagery presented with 8"x10" contact sheets (12 images/per page)

January 2, 2022

: . _Surv'e‘y ijé ' Aircraft/imagery Data Associated Conditions
Aerial Transportation/Observation Aircraft: Cessna 182 Sky Conditions: Clear
Photographic Film Imagery - 36 mm Altitude: 13,500' MSL Sun Angle: > 20 degrees from vertical
Photographic Film Imagery - 70 mm Speed: 100 kts. Visibility: 50+ miles
v | Digital Color/Color Infrared imagery Camera: Nikon D200 Wind: Less than 5 knots
Videography Lenses: 30mm (see note) | Sea/Swell: 1-3 feet
Radio Telemetry Film: Digital Color IR | Time: 1243-1421
Radiometry/Geophysical Measurements Angle: Vertical Tide: 0.5' (+) to 1.5' (-} MLLW
Other 1: Photo Scale: As Displayed Shadow: None
Other 2: Pilot: Unsicker Other:
Other 3: Photographer:  Van Wagenen Comments: Excellent Conditions
Newport to Imperial Beach (map pages 65-72)
Range (s)
Surveyed
Kelp Canopies Kelp canopies throughout the range showed an increase in surface extent from that observed in
Target
the September 2021 survey.
Resource
Observations
Excellent All surface kelp canopies were photographed within the above range. All of the imagery was
Imagery judged of excellent quality
Quality/ ’
Comments |, ,1s Note 30mm (digital SLR camera) is similiar focal length to 50mm (35mm film camera) SLR)mera)

MBC Aquatic Sciences

Bob Van Wagenen, Director

%% Signed:
143 Browns Valley Rd. / \ Copy To:
Watsonville, CA 85076
(831) 728-5800 (ph./fax) =
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Ecoscan Resource Data
Data Acquisition
Flight Data Report

Contracting Agency/Contact

Contract/Order #/Agency File #

Contracting Agency: MBC Applied Environmental Sciences Contract/Order #:
Division: Agency File #:
Contact/Title: Michael Lyons Calendar
Address: 3000 Redhill Ave. Services Ordered: 3/2022
City/State/Zip: Costa Mesa, CA 92626 Data Acquisition Completed: 4/8/2022
Phone 1/Phone 2: (714} 850-4830 Draft Report Materials Due:
Fax/E-Mail: (714) 850-4840 Final Report Materials Due: 4/2022
Project Title/T: argét Resource (s)- Survey Range (s)/Survey Data Flow
Project Title California Coastal Kelp Resources - Newport to Imperial Beach - April 8, 2022
Target Coastal Kelp Canopies
Resource (s)/ Newport to Imperial Beach (map pages 65-72)
Survey Range (s)
s Acquisition | Vertical color IR digital imagery of all coastal kelp canopies within the survey range
g;"t:y Processing | Survey imagery indexed and delivered to MBC for further processing and analysis
Analysis
Flow - .
Presentation | All survey imagery presented with 8"x10" contact sheets (12 images/per page)
- Aerial Resource Survey Flight Data for: April 8, 2022
Survey Type Aircraft/imagery Data. Associated Conditions
Aerial Transportation/Observation Aircraft: Cessna 182 Sky Conditions: Clear
Photographic Film Imagery - 35 mm Altitude: 13,500’ MSL Sun Angie: > 20 degrees from vertica}
Photographic Film Imagery - 70 mm Speed: 100 kts. Visibifity: 50+ miles
V| Digital Color/Color Infrared Imagery Camera: Nikon D200 Wind: Less than 5 knots
Videography Lenses: 30mm (see note) | Sea/Swell: 1-3 feet
Radio Telemetry Film: Digital Color IR | Time: 1356 - 15637
Radiometry/Geophysical Measurements Angle: Vertical Tide: 1.4 ()10 2.1' (+) MLLW
Other 1: Photo Scale: As Displayed Shadow: None
Other 2: Pilot: Unsicker Other:
Other 3: Photographer:  Van Wagenen Comments: Excellent Conditions
Newport to Imperial Beach (map pages 65-72)
Range (s)
Surveyed
Target Kelp Canopies Kelp canopies throughout the range from Point Mugu to Long Beach showed an slight increase
Reso?lrce in surface extent from that observed in the January 2022 survey, and a slight reduction in extent
. from La Jolia to Point Loma.
Observations
Imagery Excellent All surface kelp canopies were photographed within the above range. All of the imagery was
Quality/ judged of excellent quality.
Comments - R
Lens Note 30mm (digital SLR camera) is similiar focal length to 50mm (35mm film camera) SLR)mera)

‘,M.{%Eﬁ Signed:
Ecoscan ResourceData
143 Browns Valley Rd. // N\, Gopy To:
Watsonville, CA 95076 N
{831) 728-5900 (ph./fax)
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Ecoscan Resource Data
Data Acquisition
Flight Data Report

Contracting Agency/Contact

Contract/Order #/Agency File #

Contracting Agency: MBC Applied Environmental Sciences Contract/Order #:

Division: Agency File #:

Contact/Title: Michael Lyons Calendar

Address: 3000 Redhill Ave. Services Ordered: 6/2022

City/State/Zip: Costa Mesa, CA 92626 Data Acquisition Completed: 8/8/2022

Phone 1/Phone 2: (714) 850-4830 Draft Report Materials Due:

Fax/E-Mail: (714) 850-4840 Final Report Materials Due: 8/2022
Project Title/Target Resource (8)- Survey Range (s)/Survey Data Flow

Project Title California Coastal Kelp Resources - Newport to fmperial Beach - August 8, 2022
Target Coastal Kelp Canopies

Resource (s)
Survey Range (s)

Ventura to Imperial Beach (map pages 57-72)

Survey
Data

Flow Analysis

Acquisition | Vertical color IR digital imagery of all coastal kelp canopies within the survey range
Processing [ Survey imagery indexed and delivered to MBC for further processing and analysis

Presentation | All survey imagery presented with 8"x10" contact sheets (12 images/per page)

. Aerial Resource Survey Flight Data for:.

August 8, 2022

Survey Type Aircraft/imagery Data Associated Conditions
Aerial Transportation/Observation Aircraft: Cessna 182 Sky Conditions: Clear
Photographic Film Imagery - 35 mm Altitude: 13,500' MSL Sun Angle: > 20 degrees from vertical
Photographic Film Imagery - 70 mm ‘Speed: 100 kts. Visibility: 50+ miles
V | Digital Color/Color Infrared Imagery Camera: Nikon D200 Wind: Less than 5 knots
Videography Lenses: 30mm (see note) | Sea’Swell: 1-3 feet
Radio Telemetry Film: Digitaf Color [R | Time: 1525 - 1720
Radiometry/Geophysical Measurements Angle: Vertical Tide: 1.4' (+) to 2.1' (+) MLLW
Other 1: Photo Scale: As Displayed Shadow: None
Other 2: Pilot: Unsicker Other;
Other 3: Photographer.  Van Wagenen Comments: Excelient Conditions
Newport to Imperial Beach (map pages 65-72)
Range (s)
Surveyed
Kelp Canopies Kelp canopies throughout the range showed a siight decrease in surface extent from that
Target observed in the April 2022 surve:
Resource P urvey.
Observations
Excellent All surface kelp canopies were photographed within the above range. All of the imagery was
Imagery i .
Quality! judged of excellent quality.
c ity ts Date Note Camera internat battery weak. Date on EXIF data: 6/11/2022 (disregard). Actual 8/8/2022
OmMMENS 1 ens Note 30mm (digital SLR camera) is similiar focal length to 50mm (35mm fim camera) SLR)mera)

Sty

143 Browns Valley Rd,
Watsonville, CA 95076
(831) 728-5900 (ph./fax)

N\

Signed:

MBC Aquatic Sciences

Bob Van Wagenen, Director

Copy To:
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Ecoscan Resource Data
Data Acquisition
Flight Data Report

r Contracting Agency/Contact Contract/Order #/Agency File #
Contracting Agency: MBC Applied Environmental Sciences Contract/Order #:
Division: Agency File #:
ContactiTitle: Michael Lyons : Calendar
Address: 3000 Redhill Ave. Services Ordered: 9/22
City/State/Zip: Costa Mesa, CA 82626 Data Acquisition Completed: 10/2/22
Phone 1/Phone 2: (714) 850-4830 Draft Report Materials Due:
Fax/E-Mail: (714) 850-4840 Final Report Materials Due: 10/22

Project Title/Target Resource (s)- Survey Range (s)/Survey Data Flow

Project Title California Coastal Kelp Resources - Ventura to Imperial Beach - October 2, 2022
Target Coastal Kelp Canopies
Resource (s)/ Newport Harbor to Imperial Beach (U.S./Mexican border)
Survey Range (s)
Surv. Acquisition | Vertical color IR imagery of all coastal kelp canopies within the survey range
Dat:y Processing | Survey imagery indexed and delivered to MBC in digital format for further processing and analysis
Analysis
Flow Presentation
. Aerial Resource Survey Flight Data for: October 2, 2022
Survey Type Aircraft/imagery Data Associated Conditions
("' Aerial Transportation/Observation Aircraft: Cessna 182 Sky Conditions: Clear
Photographic Film Imagery - 35 mm Altitude: 13,500" MSL Sun Angle: > 30 degrees from vertical
Photographic Film Imagery - 70 mm Speed: 100 kts. Visibility: 50+ miles
v | Digital Color/Color Infrared Imagery Camera: Nikon D200 Wind: Calm
Videography Lenses: 30mm Sea/Swell: 2-4 feet
Radio Telemetry Film: Digital Time: 1450-1545
Radiometry/Geophysical Measurements Angle: Vertical Tide: 5.1' (+) to 4.8' (+) MLLW
Other 1: Photo Scale: As Displayed Shadow: None
Other 2. Pilot: Unsicker Other:
Other 3: Photographer:  Van Wagenen Comments; Optimum Conditions
Ventura to Imperial Beach
Range (s)
Surveyed
Kelp Canopies | The surface kelp canopies were absent throughout the survey range except for isolated plants
Target and small canopies between La Jolla and Pt. Lom
Resource P ’ a.
Observations
Excellent All of the imagery was judged of excellent quality and was useable for the subsequent maping of
Imagery
. the kelp resource.
Quality/
Comments

Signed: Bob Van Wagenen, Director
& “ | 143 Browns Valley Rd. Copy To:
Watsonville, CA 95076
(831) 728-5900 (ph./fax)
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Ecoscan Resource Data
Data Acquisition
Flight Data Report

(C N Contracting Agency/Contact - Contract/Order #/Agency File #
Contracting Agency: MBC Applied Environmental Sciences Contract/Order #:
Division: Agency File #:
ContactiTitle: Michae! Lyons Calendar
Address: 3000 Redhill Ave. Services Ordered: 12/22
City/State/Zip: Costa Mesa, CA 92626 Data Acquisition Completed: 1/26/23
Phone 1/Phone 2: (714) 850-4830 Draft Report Materials Due:
Fax/E-Mail: (714) 850-4840 Final Report Materials Due: 2/23

Project Title/Target Resource (s)- Survey Range (s)/Survey Data Flow

Project Title California Coastal Kelp Resources - Ventura to imperial Beach - January 26, 2023
Target Coastal Kelp Canopies
Resource (s)/ Newport Harbor to Imperial Beach (U.S./Mexican border)
Survey Range (s)
s Acquisition | Vertical color IR imagery of all coastal kelp canopies within the survey range
I‘;;vt:y Processing | Survey imagery indexed and delivered to MBC in digital format for further processing and analysis
£l Analysis
W | Presentation
. Aerial Resotirce Survey Flight Data for: January 26, 2023
. Survey Type .___Alrcraftimagery Data ___ Associated Conditions
-7 | Aerial Transportation/fObservation Aircraft: Cessna 182 Sky Conditions: Clear
( Photographic Film Imagery - 35 mm Altitude: 13,5600' MSL Sun Angle: > 30 degrees from vertical
Photographic Film Imagery - 70 mm Speed: 100 kis. Visibility: 50+ miles
v | Digital Color/Color Infrared Imagery Camera: Nikon D200 Wind: E 15 kis.
Videography |enses: 30mm Sea/Swell: 7-9 feet
Radio Telemetry Film: Digital Time: 1250-1427
Radiometry/Geophysical Measurements Angle: Vertical Tide: 4.1' (+) to 3.2' (+) MLLW
Other 1: Photo Scale: As Displayed Shadow: None
Other 2: Pilot: Unsicker Other:
Other 3: Photographer:  Van Wagenen Comments: Good Conditions
Ventura to Imperial Beach
Range (s)
Surveyed
Target Kelp Canopies The surface kelp canopies were absent throughout the survey range except for isolated plants
Resource west of Malibu, Palos Verdes and Point Loma.
Observations
i Excellent All of the imagery was judged of excellent quality and was useable for the subsequent maping of
magery th
s e kelp resource.
Quality!
Comments

Signed: Bob Van Wagenen, Director
k - | 143 Browns Valley Rd. Copy To:
Watsonville, CA 95076
(831) 728-5900 (ph./fax)
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
' CONDITION OF MACROCYSTIS BED @ a 1 Gt Qe
e QUATIC SCIENCES
(*-Observer: NS /ot Co Date ﬂy/, /Z"’Zf&,
at/long. 53°04.368'W, \ V2L L AT N Location A Jort-h Corr-feRadl
Time I 19
. TOPSIDE OBSERVATIONS wind/Direction SSW -l
Current NW Biga
Kelp Canopy Weather Ctpud ., For
UW visibility (est.) \pf, 7
Extent Mewre - Swell Ht/Period w7 L
Density ’
Tissue color ) v
% Frond comp. Senile Mature - Young Other
Disease
Encrustation Surface Stipe Length None -
Apical blades ' - Depth{offshore)  Z, { £Z
Sediment on blades ’ Depth (other[note]) )
Remarks ’

Subsurface \1Gvy fer Ceactrertd MACKL ceapbing ~ 35 FE fals
P

- UNDERWATER OBSERVATIONS

( ¢ Midwater Community
Tissue Color -+ Litter
Encrustation Turf algae
Disease : ‘ Turf invert.
Sediment on blades oo Shrub algae
Sinking fronds Large Invert.
Grazed tissues ) Fishes

Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation ’
Disease ' Bottom characteristics

Sediment on blades
Sinking fronds
Grazed tissues
Sporophylis
Juvenile fronds
Holdfasts

Old holdfasts
Recruitment

&x’;ﬁ!EMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Moo AQUATIC SCIENCES

Observer: DTS TN Date Z///Zg 272
Lat/long: 323° (2. 2%/ A, [/F°28. 346+ W Location Sanfa. M araqa, 4a
. 7 Time /42 .
TOPSIDE OBSERVATIONS Wind/Direction 55w F-§ ki
Current N B

Kelp Canopy - Wweather (Ao, oo

. UW Visibility (est.) [0 f2
Extent " Noue Swell Ht/Period wsw 7 £
Density
Tissue color
% Frond comp. Senile Mature ___Young Other
Disease '
Encrustation Surface Stipe Length /‘/aﬂe
Apical blades ‘ : Depth (offshore) Z4 2
Sediment on blades Depth {(other{note])
Remarks -

Subsurface Mopte.

UNDERWATER OBSERVATIONS . (( >
Midwater Community -
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades” Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color : Urchin status
Encrustation ‘ '
Disease ) Bottom characteristics
Sediment on blades
Sinking fronds
_Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts
Old holdfasts )
Recruitment ' P
‘ P\
REMARKS ' , N’
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED @"P J
bﬁt‘r:j QU
(**Observer: 0353 / G\ g Date 2/ 1/ 2072
- .at/long: 55" 0F,A1F /N, TITZ0. bF4W Location £ rerna  Rowdr Plamt”
’ Time__ | 4p% '
TOPSIDE OBSERVATIONS : Wind/Direction 55w 4-§ K
o Current MN % jon
Kelp Canopy Weather <~ {ouwdy 907
o UW Visibility (est.) o (e
Extent Neone _ swell Ht/Period WS 2 ££
Density
Tissue color ) } .
% Frond comp. Senile Mature - Young Other
Disease
Encrustation Surface Stipe Length  jNow g
Apical blades : © Depth {offshore) 25 L
Sediment on blades Depth (other[note])
Remarks
Subsurface rJone,

- UNDERWATER OBSERVATIONS

( ¢ Midwater Community
Tissue Color - litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades ‘ Shrub aigae
Sinking fronds Large Invert.
Grazed tissues ' ) Fishes

Disease

Bottom Sed. on rocks

Tissue color ‘ ' Urchin status

Encrustation

Disease Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues

Sporcphylls

Juvenile fronds

Holdfasts

0ld holdfasts
Recruitment

kv/ﬁaEMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED i
*ﬁg.f AQUATIC SCIENCES

Observer: bjf R TJed § Date Z./I/Z,o 22 {(\J
lat/long:  %3° o B. F22'DN , W22 162 1/ Location  Aaawa MHediopda \
. Time = J4)Z

TOPSIDE OBSERVATIONS Wind/Direction Sy W 7 € fin.

Current W W 3l
Kelp Canopy - Weather ./ puie, Fal,

UW Visibility (est.) o !

Extent ‘ ) Nowe, Swell Ht/Period 7 £z
Density - .
Tissue color
% Frond comp. Senile Mature __Young Other
Disease '
Encrustation Surface Stipe Length  NJawno
Apical blades ’ Depth (offshore) 25
Sediment on blades Depth (other[note])
Remarks

Subsurface  Ferd sca+dered naviE S . wp,af_:[«“&ﬁ Z5 € el

UNDERWATER OBSERVATIONS (( \/

Midwater ) . Community :
Tissue Color Litter
Encrustation Turf algae
Disease " Turf invert.
Sediment on blades’ ) Shrub algae
Sinking fronds Large Invert,
Grazed tissues Fishes
- Disease
Bottom _ Sed. on rocks

Tissue color ‘ Urchin status
Encrustation 3

Disease . Bottom characteristics
Sediment on blades '

Sinking fronds

Grazed tissues

Sporophylls

Juvenile fronds

Holdfasts

0ld holdfasts

Recruitment

REMARKS ) -
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

-.Observer: D J§ , TK‘JK ‘ Date
iat/long: %510 N H":}ﬂ&.%%i " Location
: Time
TOPSIDE OBSERVATIONS Wind/Direction

: Current

Kelp Canopy Weather
UW Visibility (est.)

Extent ’5@/». ¥ 30,% . o Swell Ht/Period

Density S catdertd

Tissue color Med— he Wi waitned

% Frond comp. Ze_ ' Senile ) Mature Young
Disease
Encrustation Hoy, Surface Stipe Length

Apical blades | 0%- ‘ Depth (offshore)

Sediment on blades  pNowe Depth {other[note])

Remarks \N’wv', :col—}"«i*ﬁif’:@f a.m.A ﬂ\*fm‘ deved \1\&, u{_r.i‘

Levcadio Sont

1248

NW 3én

[ Lo dry T,
fz

[O
WS 2-5f

Other

236

Subsurface Srg4aeved mo s

= ».LUNDERWATER OBSERVATIONS
(_ * Midwater
Tissue Color

Encrustation

Disease

Sediment on blades

Sinking fronds

Grazed tissues

Bottom
Tissue color

Encrustation

Disease

Community

Litter

Turf algae
Turf invert.
Shrub algae
Large Invert.
-Fishes
Disease

Sed. on rocks
Urchin status

Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues

Sporophylis

Juvenile fronds

Holdfasts

Cld holdfasts

Recruitment
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer:

OIS, IS

Lt/iong:_ 23045250 13012 1J

TOPSIDE OBSERVATIONS
Kelp Canopy

Extent loo Wi X% 8, 1,

Density Wity (eaypitref ‘
Tissue color oo d e o | 20/ Llsh bl i g
% Frond comp. " B0 Senile ’Z« >~ Mature
Disease [ty e
Encrustation 2o %,

Apical blades [Noyvc
Sediment on blades fJori ¢
Remarks

Date 2// /7,01,1

AQUATIC SCIENCES

e

Location [ @ucadsa MNorsdp
Time (255
Wind/Direction S5 77 ke~
Current MW Blon
Westher Cloudy T3
UwW visibility (est) ;o £
swell Ht/Period 54t 7-%f1
Young- Other
Surface Stipe Length - 7 s
Depth (offshore) L1 FL.

Depth (other[note])

Subsurface 5 ptdert & prayy o 70 £ datl

UNDERWATER OBSERVATIONS (( >
Midwater Community n
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades’ Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment PN
, P
REMARKS S
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

, Observer: \DTJ Date @/ 1l2o22

"Tat/long: 2%° 07.09] L HTF I oHZ Location  Evtgim;Fas
’ Time__ {{50
TOPSIDE OBSERVATIONS Wind/Direction SS'wW 7.-% g,
Current pA 3 [k

Kelp Canopy Weather _CVo(1Au (S4
UW visibility 7O 4%

Extent Nopg Swell Ht/Period WCy 72-3 <1

Density

Tissue color

% Frond comp. Senile Mature Young Other

Disease

Encrustation

Apical blades

Sediment on blades
Remarks 250 x 7 i Ao Sqbrurface D/&mr?:y pishad Aman laq corremnt

Subsurface |peiy feaddeved o~lm cubsoerface

( —, UNDERWATER OBSERVATIONS

.-/ Midwater Community /
Tissue Color Ve o b L ind ;@JULO nJ : Litter 2 " "/U“’l By Rlodlsoloppe
Encrustation == L 'A% . Turfalgae pCy<doc ‘W\' " e rog. dentivr
Disease  Noig Turfinvert. § G oldlzn @m,f,mmhm\ focr
Sediment on blades /(741 Shrub algae | guwharin ! f
Sinking fronds '/ .20 o7 Large Invert. [[\)(»W; 1\)0 ﬁfm} . [(,e,(cJ b ey
Grazed tissues 1/p§ Jo’/. Fishes ) ¢4 Ww heoset LlaBasp | vty
! " pisease  Noya | '

Bottom Sed.onrocks /o |
Tissue color  Lieef o (g b Yo L Urchinstatus  Now o
Encrustation < (§glad — 267 « Z-spot ecdepis
Disease / /o i Bottom characterlstlcs
Sediment on blades Ko £ el id poell yeed W Sand clhauned
Sinking fronds No {ow velief ‘

Grazed tissues "7
Sporophyllis  “/p 5
Juvenile fronds g &
Holdfasts [,

Old holdfasts [{)
Recruitment )

o~ Hefehpes, . ,
(U pemanxs |, % 12 P VS m‘f; = [, vl plany s Yoh Septs.
oy @3 CHOCEION T ‘ U
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: D) 5&

Lat/long: 33°%06.125 A/, 1/7°%)F. 54 '~

Date 2/ / / 202&-
Location C‘Ar[;,;}%)'fmfr Pency
Time |25 ‘

TOPSIDE OBSERVATIONS Wind/Direction Q5w 3- 3 K
Current Mo ey,
Kelp Canopy Weather cApidy 457
J uw visibiity  104%
Extent =TS Swell Ht/Period w5 72— 67
Density ' -
Tissue color '
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical blades
Sediment on blades
Remarks
Subsurface NaVN 3
UNDERWATER OBSERVATIONS
Midwater [ Community C)
Tissue Color § J/@ A0 Litter
Encrustation Turfalgae Corallina | Rhoclot, 1=
Disease Turfinvert.  Giorgon'tn —Goiden
Sediment on blades Shrub algae £5./M¢n., (e, P04 £/ fenii art,
Sinking fronds Large Invert. Fellehd, mes alind. | (e foim (AL

Grazed tissues

Fishes /SikcE, A, SirsH T ittt Guntfe

Disease A/a Hatfmpon [ CAC bt pngad
Bottom Sed.onrocks /o s
Tissue color N NAQ, Urchin status <5772 3. 2uvyle wpcdon
Encrustation : T
Disease Bottom characteristics
Sediment on blades Soifot ookt et W g onil Dadeles
Sinking fronds (Cardslone covewrinite fand) (0w retief
Grazed tissues
Sporophyllis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
REMARKS S5 deptin &
7
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

(mw@bserver: DI, IS

at/long: 33°0o. 8446/,
TOPSIDE OBSERVATldNS .
Kelp Canopy

Extent Z200p » 700

Density \ewy Scatdeyed

Tissue color "5 7% wedd yeldow | SO/ (and petlon
% Frond comp. BD  'senile 2@ * Mature
Disease

Encrustation %

Apical blades

AQUATIC SCIENCES

Date ?'///ZO 22
Bl 3% Tw Location Cavd M {f
(0"‘“1 S outh e,\,og\ Time 1115
w/ KQ/(? CZM.O("-{ Wind/Direction $5W J-¥ .

Current  mpd  Zue.

Weather Cdasde Lo/

uw Visibility (est.) | O ft.
Swell Ht/Period Wo W 7-2 £
Young Other
Surface Stipe Length | =2 -
Depth (offshore) Tofx

Sediment con blades

Depth (other[note])

Remarks Sonag ¢ turvemd DM&M Aowin oy Cmin ofY 4 tottered And posyity ercrssted

Mﬂaﬂ"jléh{ﬁ D]D[/‘WM A({’ SQ‘A-‘L %d,\ {: reQ,F‘

Subsurface \rf,n% _S‘ca.z\/-{-e_f-?ﬁ‘{f Leon prsving ) dro 25 SEE Lo tlon

-, UNDERWATER OBSERVATIONS
( Midwater
Tissue Color

Encrustation

Disease

Sediment on blades

Sinking fronds

Grazed tissues

Bottom
Tissue color

Encrustation

Disease

Community
Litter

Turf algae

Turf invert,

Shrub algae

Large Invert.

Fishes

Disease

Sed. on rocks

Urchin status

Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues .

Sporophylls

Juvenile fronds

Holdfasts

Old holdfasts

Recruitment

é,

\__AEMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

G

AQUATIC SCIENCES

- QObserver: (VA r/:n-\“lr Date Z/I/ZOZZ« f(-\

Lat/long: 33°02 556 'N . WG L¥0 W Location LRipod Va - e adfrad

. ' ‘ Time 12.¢S
TOPSIDE OBSERVATIONS Wind/Direction Sf w’ B bean

Current N % fGa
Kelp Canopy Weather  L[pudy 394
UW Visibility (est.}  {© £Z

Extent None Swell Ht/Period wsWZ 5 (&
Density
Tissue color
% Frond comp. Senile Mature Young Other
Disease '
Encrustation Surface Stipe Length /DAL
Apical blades Depth (offshore) 212
Sediment on hlades Depth (6ther[note])
Remarks

Subsurface S Hered rearikS  plantds ~ 20€¢€ Jall
T -

UNDERWATER OBSERVATIONS

Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades’ Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

- Disease

Bottom Sed. on rocks

Tissue color Urchin status

Encrustation

Disease

Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues

Sporophylis

Juvenile fronds

Holdfasts

Old holdfasts

Recruitment

REMARKS

-
£ (

Page C-26

MBC Aquatic Sciences

Page 167



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED N /

- AQUATIC SCIENCES
e=0bserver: T3 TN, Tl : Date 2/ [ 2a 72
at/long: 39253 5880, (1 F (b, @36 "W Location De/ mayr -
i Time {055
TOPSIDE OBSERVATIONS & wind/Direction LW 3% Lo
‘ Current AW 3g.
Kelp Canopy Weather  {faudy 6SY,
‘ UW Visibility (est.) o £
Extent Nong : Swell Ht/Period W 2-5 f2
Density
Tissue color )
% Frond comp. ‘ Senile Mature Young Other
Disease ) '
Encrustation Surface Stipe Length Movua
Apical biades Depth (offshore)
Sediment on blades.. ) Depth (other[note]) %P{: K&nd—//ﬂnq)
Remarks " Mard botdsin
Subsurface NOwe
ﬁ_._»..!VJNDERWATER“ OBSERVATIONS ,
( , Midwater Community
Tissue Color - Litter
Encrustation Turf algae
Disease ) Turf invert.
Sediment on blades : Shrub algae
Sinking fronds Large Invert.
Grazed tissues } ) Fishes
: Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease ‘ . : Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
_ Sporophylls
Juvenile fronds
Holdfasts

Old holdfasts
Recruitment

LREMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

' Field Data Sheet

CONDITION OF MACROCYSTIS BED

AQUATIC SCIENCES

observer: D JS / gald Date 2»-// /2022 ;(°\

Lat/long: 32759, 14L'N |, UF°1L.951 W Location Seofane feacd )
. ! Time  |{0D
TOPSIDE OBSERVATIONS Wind/Direction TP S kn
Current ININEET N
Kelp Canopy - " Weather Stsud., (94
UW Visibility (est) [~ fr
Extent 200 pn ¢ 2% , Swell Ht/Period  WIN 2-3 {2

Density \Jesy Scettered
Tissué color 56/ racoh velbed, SO/ Lighd gellogs

% Frond comp. B0 _ Senile 7D % Maturd Young Other
Disease  Adow.c ‘ '

Encrustation [0 Surface Stipe Length [ —"7_ A,
Apical blades % Depth (offshore) 4 o Z
Sediment on blades powve . Depth (other[note])

Remarks Soa+4+eve ) a d +n ddered (2o la(hjq

Subsurface v’&ry Scationed subrumrbree 4o 25 dte

UNDERWATER OBSERVATIONS . {( M
Midwater . ' Community N
Tissue Color Litter
Encrustation ) Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues ' Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts

Old holdfasts
Recruitment

REMARKS ] : . N

Page C-28

MBC Aquatic Sciences Page 169



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

AQUATIC SCIENCES

(ﬂﬁObserver: DJIS, IS S Date B // X rys
at/long: %2°5(,296'N, 1T {(, 805w Location __4a UnHa forth
R (ND()(k end) Time 1020
TOPSIDE OBSERVATIONS Wind/Direction Sy w/ 2-F fon
' Current N/ 2 4,
Kelp Canopy ‘ -Weather  Atpud, FoZ
: UW Visibility (est.)  J& £
Extent Novig : Swell Ht/Period =~ Ja™w 22
Density : .
Tissue color ) ) .
% Frond comp. Senile Mature - Young Other
Disease )
Encrustation Surface Stipe Length  Mouw.e
Apical blades ; . * Depth (offshore) 4o £
Sediment on blades Depth {other[note]) (o4&

Remarks Scatiered Julb surface 4 (A‘;)‘ 2 AdnEt {'c@[i(l w/

Subsurface mé,ﬁrea v 3o f& oF patdom & 32°50, 419, H7°2. 599w /wc?ﬂrezzjtfe)

e UNDERWATER OBSERVATIONS

; Midwater ' Community
Tissue Color ’ - Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues . Fishes

Disease

Bottom Sed. on rocks

Tissue color Urchin status

Encrustation

Disease Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues.

Sporophylls

Juvenile fronds

Holdfasts

Old holdfasts
Recruitment

(__REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED @'}
Mot AQUATIC SCIENCES

Observer: DS, JNS pate_ 2///zoea. yYe
lat/long: 27°55 , 2%%'nd, 113°15.496" W Location  Torvey Pines :

v ' Time o473
TOPSIDE OBSERVATIONS Wind/Direction 7SW '-}’ £ kn

current NwW 2 e,
Kelp Canopy - Weather Clowdy Fo¥
UW Visibility (est)  |of% 7

Extent Swell Ht/Period W S 723 (2
Density .
Tissue color
% Frond comp. Mature Young Other
Disease '
Encrustation Surface Stipe Length pNopg
Apical blades Depth (offshore) :
Sediment on blades Depth (otherlnote]) 4 £ [Latfimg.}
Remarks ‘ “hard hotdom

Subsurface N\Jon@

UNDERWATER OBSERVATIONS

Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turfinvert.
Sediment on blades Shrub algae
Sinking fronds Large invert.
Grazed tissues Fishes

Disease

Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades ‘

Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts

Old holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

A AQUATIC SCIENCES

-Observer: DIS TS ' Date zf, [2o72
( .at/Long: 22°42.73 ‘N,M"u, 45w (v s¥edqe) Location - Polnt Lopsa Aor i,
32044 058" 11716 (5 S (canapdT Time 0925
TOPSIDE OBSERVAT|0NS B Wind/Direction S5 W ? ¥l
. Current MW ZKa
Kelp Canopy ‘ : : Weather  C (oedte, To%
Uw Visibility {est.) 2 o5 €2

Extent O, "f'§ miles wide X Zwiles long Swell Ht/Period  2-3 f£ wsw

Density scaddeved > peds vpn
Tissue color  FO% darit. wa{zﬁéw, {0/ wneols yeMoVJ, 14 &./h'f"?&wﬁ""

% Frond comp. 30 Senile 65 WMature * Young Other
Disease Mone

Encrustation.  Z o7/, Surface Stipe Length Zmn

Apical blades | O%, ‘ * Depth (offshore)

Sediment on blades nJong Depth (other[note])

Remarks Cuvvend gunshing o lof olpww Somap &’(r,f\?L’ ke/,:a
more s catdeyed Hban Conti Prfona
Subsurface e dered dence w‘ﬂ Fhe M—;ﬂf) i

-~ UNDERWATER OBSERVATIONS

"~ Midwater ‘ ‘ ' Community
Tissue Color : - Litter
Encrustation Turf algae
Disease ’ Turf invert.
Sediment on biades : Shrub algae
Sinking fronds . ) Large Invert.
Grazed tissues Fishes

Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics

Sediment on blades
Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts

Old holdfasts
Recruitment

k,, ";{EMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

*  AQUATIC SCIENCES

Observer: b:YS JNS Date ”2-///‘?..»'*?2» {(—\
Lat/Long: 2249 F(2'N , 113717, 595w/ [feanspy) Location L4 Ja /) a_Sotath )
32°4%.093'N, 1P LG, 7‘07"0(5'0&5/%6%4‘{) Time__ [pO&

TOPSIDE OBSERVATIONS Wind/Direction SSW 7-8 ky

Current  NW 3K
Kelp Canopy - , Weather [ /owudy fo)

UW Visibility (est.) /S 2 7

ixtent  Zmies lonag s 0. FSmiles w:'ﬂ(-g Swell Ht/Period  1JSd Z-Z f&

Density S Caterdd
Tissue color B0, farie 7@,(,@&4, )57 peel, 5—/ /u-hr

% Frond comp. /3 Senile 35 7 Mature " Young Other

Disease None '

Encrustation ~0 % Surface Stipe Length "2 ~%

Apical blades D *% Depth (offshore) Fofz

Sediment on blades pAJong Depth (other[note]) T ofe QMap,_d

Remarks 7 4 rond- WJWM 4 (od- e Lok ol Ar/E4 Kotw

Subsurface medered Mwujhpm/—f—f SC afde o C..‘?M’fz/g [ udd- Sabolarface.

UNDERWATER OBSERVATIONS . ’ (( >
Midwater . Community R
Tissue Color Litter
Encrustation Turf algae
Disease ) Turfinvert.
Sediment on blades” Shrub algae
Sinking fronds Large Invert.
Grazed tissues . ) Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation ' }
Disease Bottom characteristics

Sediment on blades
Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts

Old holdfasts
Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

ve?  AQUATIC SCIENCES -
Observer: DTS / IMNS ) Date Z/[ [zovz (
Lat/Long: 27°39.318'N , (314 345w/ (o loswrta u} tocation Point Lonia Sovti
g1 et 1 1F15.639 W (CansPy Stard) Time 0900

h Y1) -
TOPSIDE OBSERVATIONS! "\¥15. 924 wi (west-edye) wind/Direction _ SSid F-3 Kn
Current  ~NW Bk

Kelp Canopy Weather = CAowdy DY,
UW Visibility (est) 20 b’
Extent 0.5 wiles wde X  Zmles o r-q Swell Ht/Period B4 wSwW

Density  Scoffered = Med iin -

Tissuecolor 0% darie yellaw , 107 medyellent, 10210 ni s otlot

% Frond comp. 20 Senile F£  Mature 5 Young - Other
Disease Non e 5§ __Zm
Encrustation [ Q7. Depth (offshore) 7/ FE&

Apical blades 5% - Depth {other) ¢onteir=<f OF¢

Sediment on blades Nay e
Remarks /~ u, ren - [,744;1\,,’,,‘} o loF Adovia, (o5 o Ay LF et fro

Subsurface il fered O . Sw/les Ssufh D-Pcmqo'pj

UNDERWATER OBSERVATIONS (
Midwater Community
Tissue Color ) Litter
Encrustation . Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color . Urchin status
Encrustation
Disease . Bottom characteristics

Sediment on blades
Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts

QOld holdfasts
Recruitment

REMARKS | -
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

—
( ) Observer: T);TSJ JwlS Date Z/I /ZOZZ
Lot/Long: 2”39 b '), |17 04435 W Location _ Eymperind Beach
' : Time 0825
TOPSIDE OBSERVATIONS Wind/Direction SSw- -3 k i
' Current NwZ fen
Kelp Canopy Weather (foud., RoO¥
UW Visibility (est)  Zjm
Extent Noné Swell Ht/Period wisw 3-U Fe
Density '
Tissue color
% Frond comp. Senile Mattire Young Other
Disease S L Pa os
Encrustation Depth (offshore)—TB_Z__——p
Apical blades Depth (other)
Sediment on blades
Remarks Prifa (€eip
: i
Subsurface l\)oy\[_
-~ UNDERWATER OBSERVATIONS .
( . / Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Botiom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
U REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet i ‘ |
’ CONDITION OF MACROCYSTIS BED @
ey AQUATIC SCIENCES
(""~0bserver: D:)/_S‘ / 7D ' Date |3 Feb 22
at/long:N 33U (30!, W 22.0%3 fouth end ﬁ/jﬁg) Location  Barn Kefp

N3 280 T T2, 138 fsime QJW@SQV Tme__ 07535 _

TOPSIDE OBSERVATIONS . " ind/Direction &~ ¥ fedr
P33T 14195 w0 ga) TR here edgeu] T umen W faer

Kelp Canopy : 9 ey / ) Weather ~
301G 28 WA BSY T dpeoast edge (5olﬁf>wsibinty fest) ff:,,

Extent : Swell Ht/Period Z 42 S

Density  Scatdered . '

Tissue color B0V e d Mol towy 707 duss i Yo lins

% Frond comp. 90 Senile /O Mature ~ Young Other
Disease  ppype ' '
Encrustation £ {'gl & fenbro,vfmce Surface Stipe Length B

" Apical blades  jioye Depth (offshore)  S2 fL
Sediment on blades Aleowrie Depth (other[note])

Remarks A7) /Ce,/.,a CaAn ‘/a; _’;.w}*wc-ggt»

Subsurface Ceatdgre d Mmavpe J p to Yo fé’, Lom € encrursiled /30%()

- UNDERWATER OBSERVATIONS

( . Midwater Community
Tissue Color C - Litter
Encrustation Turf algae
Disease ‘ Turf invert.
Sediment on blades ‘ Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

Disease

Bottom Sed. on rocks

Tissue color Urchin status

Encrustation

Disease : Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues.

Sporophylls

Juvenile fronds

Holdfasts

Old holdfasts
Recruitment

\__ SREMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

AQUATIC SCIENCES

CONDITION OF MACROCYSTIS BED

Observer: bj; / =D Date ) F el 22 J
Lat/tong:"%,2 218, 14,0, WY 24. 443 W Location __Heynp {anisen '
. ! Time 09 2n
TOPSIDE OBSERVATIONS Wind/Direction ~NE LS
: Current AN Jpr
Kelp Canopy - Weather <Aear
UW Visibility {est.)  Zwa
Extent ‘ ol Swell Ht/Period  Z£¢ S
Density . )
Tissue color
% Frond comp. Senile Mature Young Other
Disease ) .
Encrustation Surface Stipe Length
Apical blades Depth (offshore}) % &L
Sediment on blades : Depth (other[note])
Remarks

Subsu rfacé [NEITY)

UNDERWATER OBSERVATIONS : (( )

Midwater . Community s
Tissue Color Litter
Encrustation - Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

. Disease

Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts
Old holdfasts _
Recruitment ] .
l ) (x..u

REMARKS . -
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED @‘F
 Mepe®  AQUATIC SCIENCES
('\Observer: DI '/T:;f?) ' ~ Date__ | lrpbze
at/long: ) 33°19.12.40" , wi 1(F730.295 " , Location _[endlptin Repf
v Time o84z
TOPSIDE OBSERVATIONS ‘ Wind/Direction AJE ¥ s
‘ Current A/ [t
Kelp Canopy Weather  Cf s
' UW Visibility (est.)  Z.,..
Extent UOV\Q : Swell Ht/Period  2-£F J ot
Density
Tissue color ) ) .
% Frond comp. Senile Mature - Young Other
Disease
Encrustation - Surface Stipe Length )
Apical biades : Depth (offshore) 254
Sediment on blades Depth (other{note]) )
Remarks

Subsurface Uo .

UNDERWATER OBSERVATIONS

( ~ Midwater Community
Tissue Color - Litter
Encrustation Turf algae
Disease i Turf invert.
Sediment on blades Shrub algae
Sinking fronds - large Invert.
Grazed tissues Fishes

' Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease . Bottom characteristics

Sediment on blades
Sinking fronds
Grazed tissues .
Sporophylls
Juvenile fronds
Holdfasts

Old holdfasts
Recruitment

\__“REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

AQUATIC SCIENCES

Observer: Dj s / 7%@ Date |7 Fekb22 )
Lat/long: V2220685, w11 7°35.702" Location __ Ay Oneffe
. ’ Time J1y%
TOPSIDE OBSERVATIONS wind/Direction pS S foer
Current NW [ kot
Kelp Canopy ‘ Weather <{@gir /(e v,
© UW Visibility (est.) 7 !
Extent ' N O/E Swell Ht/Period /¢
Density .
Tissue color
% Frond comp. Senile Mature Young Qther
Disease . '
Encrustation Surface Stipe Length
Apical blades Depth (offshore) &£ S 2
Sediment on blades Depth (other[note]) )
Remarks’
Subsurface N ove
UNDERWATER OBSERVATIONS - (( )
Midwater . Community n
Tissue Color ‘ ‘ Litter
Encrustation Turf algae
Disease ' Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert,
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color ] Urchin status
Encrustaticn
Disease Bottom characteristics

Sediment on blades
Sinking fronds
Grazed tissues

Sporophylls
Juvenile fronds
Holdfasts
Old holdfasts )
Recruitment ) (
i
REMARKS S
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

AQUATIC SCIENCES

,(;\)bserver: . \DTS / TE""} ‘ Date {7 Feb?L
U at/long: N 53 722500, WNF36.0Fnchord Location San Mateo
N33° 2039 °3¢. 272065 ho re) Time ] 200
TOPSIDE OBSERVATIONS NITF Z?Dé ) Wind/Direction §E & K4S

Current ) j{(

Kelp Canopy Weather Clpae
. UW Visibility (est.})  Zpn
Extent |00 % {90, : Swell Ht/Period 2 £

Density Sead-e reo(
Tissue color  FD /. medyellow, [ davk yellow, (O2LsAHY,

% Frond comp. 90 Senile /O Mature Young ~___Other
Diseasé  A/ome.

Encrustation % aY, Surface Stipe Length /& S {~&
Apical blades AJowne " Depth (offshore) - 4f< fe
Sediment on blades A /st e ‘ Depth (other[note]) '

Remarks

Subsurface \1any marics (eachivng~l Ot belond s uvfac®
, ‘ 4

( " 'INDERWATER OBSERVATIONS
N

Midwater . Community
Tissue Color - Litter
Encrustation Turf algae
Disease ’ Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues | Fishes

Disease

Bottom Sed. on rocks
Tissue color Urchin status
Encrustation :
Disease Bottom characteristics

Sediment on blades
Sinking fronds
Grazed tissues.
Sporophylls
Juvenile fronds
Holdfasts

0Old holdfasts
Recruitment

i

““REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

Observer: D JS / TE=D Date ;
Lat/long: N $2°23,59g) W " F2 009 Fown coas 4> Location . Yo fepren-+e. R
NZ3 2y Ty w1132 8, 000 lypcoast) Time__ | 20F
TOPSIDE OBSERVATIONS Wind/Direction AJ < Kt
Current NI
Kelp Canopy Weather Clear
UW Visibility {est.) 2z
Extent  0.25mies X lmile Swell Ht/Period Zfz
Density =g +4erel : .
Tissue color S o4 wed,yetfow | D%dﬂﬂ(u}-JLfD/;/,}}[’ ty.
% Frond comp. So_ ' Senile fO  Mature Young Other
Disease Alomne ’
Encrustation 4o’z Surface Stipe Length
Apical blades AN oiag Depth (offshore}  ~ ¢ &4

Sediment on blades Adnse Depth (other[note])

Remarks

subsurface M ano rocres Sebsarface 4o~ 0FLbe|ow surface
7

UNDERWATER OBSERVATIONS

Iy
-

Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turfinvert.
Sediment on blades” Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

Disease

Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades ‘

Sinking fronds
Grazed tissues
Sporophylls
Juvenile fronds
Holdfasts

Old holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

DS

;7 Observer: Date
' .at/long: [ %2725, 82%‘. Wi17'39.285] Location
Time

TOPSIDE OBSERVATIONS Wind/Direction
Current

Kelp Canopy Weather

) UW Visibility {est.).

Extent  OG,uiles ~ O, S anftes Swell Ht/Period

Density S e fteve o

Tissue color 07 Day i Gellant
% Frond comp. SO Senile
Disease Ma ne '
Encrustation +fa %, ,,,,,,;.ﬁu Sablorfges Surface Stipe Length
Apical blades Afngr @ Depth {offshore)
Sediment on blades g)n v Depth (other[note])
Remarks j

107 Moot wegéoﬁ/ :
SO _ Mature

Young

AQUAT]

|t Feezz

CGF{ Straweo [Beacs

1245

(r)’?f@f v

A

{leny

Zwm

2%

Other

3

YIS

Subsurface

-~ UNDERWATER OBSERVATIONS sons ?
{ Midwater § ND of f[mﬁg o Wy S ez Community
Tissue Color 50 / \pre oA, T ﬁ,vg;hi wel Aoty Litter

Lhods /)Z'\m‘('\f shells

Turfalgae _J, Ao phyfef

Encrustation 90:/1 , qu,mF_d;

Disease e 7 Turf invert. (’n,qﬂm(aaf
Sedimenton blades ¢y, Shrub algae Lamy

Sinking fronds  Alw.1e Large Invert. w- fm(ummg@r,

Grazed tissues =y </, Fishes

Sed. on rocks
Urchin status

Bottom

Tissue color )9 I Mﬁ' Eor dark *4?(/10‘1'u

Encrustation Npgg
Disease )n\/\g

cella s wehe fle

ﬁgm o Blackfnart

agss

Dlseasec_‘Aﬂ[ 3/44K¢&6A B&B” Efacie&/c‘@oby

D0/

Z; fmrgle Uvchng

Bottom characteristics

Sediment on blades tJowe

[rvae Scotteces] bouldaes

Sinking fronds pNowk

found/ Srnedey roCKs fn betweep

Grazed tissues 1)/,

Sporophylls -pett pregent | Sorme § pent (2,07}
Juvenile fronds —
Holdfestgr 3 |25 [[V/H91(75)(7) {203(2@){[2) 0 '5){.(160 (PREIN 3 HEtipe Counts per (3 plants

Old holdfasts =4,

Recruitment ong 7lﬁzAJ( L v fal]

“REMARKS &nv"g_c lpos wr(Zm\ most k@(a 2tk ha(J{%sH amehored [n tmff

bedvrer Bould exvs
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

N g
2 AQUATIC SCIENCES

CONDITION OF MACROCYSTIS BED

(w"‘fJbsewer: DJY / TED : Date [FFeblZ
U atlong®527 0% (32T W U INED dwin cras o) Location_ S/ l-Creck /Dena P+
NP2 654" T 1y 3 e (FIpee AS Tme 1515 '
TOPSIDE OBSERVATIONS * wind/Direction L~3 K¢
Current | A4 W/
Kelp Canopy Weather /..
UW Visibility (est.})  2,,,
Extent O.25willes X [alide ‘ Swell Ht/Period 2z €2

Density S ea-fdereof
Tissue color ?’9 7 ool =g¢gui,wiww ] .
% Frond comp. 1a Senile 90 Mature - Young Other
Disease l()a L@
Encrustation Zo%, Brgoean, /B4 turpulors? Surface Stipe Length f’;’m\
(3 N 1

Apical blades o e " Depth (offshore) T4
Sediment on blades plee € Depth {other[note]) )
Remarks

Subsurface Yo intfe pmayte .S up to 59 = oﬁe‘m%., J/;thr @ncrinstath by

' ( “JNDERWATER OBSERVATIONS
(\T Midwater Community
: Tissue Color - Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
/ Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease . Bottom characteristics
Sediment on blades
Sinking fronds ‘
Grazed tissues .
Sporophylls
Juvenile fronds
Holdfasts

Old holdfasts
Recruitment

L

~—REMARKS
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Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: DI, TED

Lat/Long: n) 52°%(, 86 S ", WHPL(..890]

TOPSIDE OBSERVATIONS
Kelp Canopy

Extent 2P A SO0

Density Sea /f/f’ewe_p(

Tissue color 52/ D, Yellow, §3. M yellow

% Frond comp. wib) Senile 50 Mature
Disease Np e

Encrustation /O

Apical blades [ 0,

Sediment on blades A/

Remarks

Date

Location

) Time
Wind/Direction
Current

Weather

UW Visibility (est.)
Swell Ht/Period

-

(D Young
Surface Stipe Length
Depth (offshore)
Depth {other[note])

Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

5
st

AQUATIC SCIENCES

\FFep 22~ i

S outh Laguaa Beac,

(7850

Y kb LSE

1Lkt~

P«(H L Loud. )

\Dfe

24 wIw

Other

2%

7Y b

Subsurface Sawth pra, b0ach (2068 4o ~ Broki f4,

UNDERWATER OBSERVATIONS

Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turfinvert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

Disease

Bottom
Tissue color

Sed. on rocks
Urchin status

Encrustation

Disease

Bottom characteristics

Sedimenton blades

Sinking fronds

Grazed tissues

Sporophylls

Juvenile fronds

Holdfasts

0ld holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

(" “bserver: 'DjS 1ED peaer D3t |OmAR 22
-at/long: N95°%7.959" ) | E. 403’ - o8 fivnylocation (North Lagiama Beath
N By *42. W19 WL U208 -GesentBoy Bonty  Time 0830
TOPSIDE OBSERVATIONS 37240 " A (A 43, O‘LZ' ’gA““‘I@"Wlnd/Dtrectlon Bt ESe
N3Pz, WUF UR I CONHIGUE  Current f e gy
Kelp Canopy Wrp L W AR R cHesloy Park \eather Partly Cowdty

UW Visibility (est.) /5%
Extent  /OPmy 200, (ns) | SOm Yrescunt), 70~ /sAMr} Swell Ht/Period 2-3 fie. W.Sw
Density JSeatheqed (me)/  5omBimertous) 120" w1000, [hLa«'cLer)
Tissue color 597 . Yelins, 5ot ph, yellow

% Frond comp. 20 Senile >0 Mature - 22 Young Other
Disease Mo L

Encrustation \n /. bma ?nﬁ I Surface Stipe Length  2-3 ,,

Apical blades {7/, " Depth (offshore}) &5
Sediment on blades jJpng Depth (other[note])

Remarks

Subsurface Eanrpomi  of Hcisler =HE B fepfl.
South Mai Bea el HBuwoks [1) = 29042 fopit

("INDERWATER OBSERVATIONS HCASU.’J /e 'wk;jb'w“w"zﬂz (N 33732014, WU 48'5

N . Midwater COI\!I-nﬁ‘I:lnlt!

Tissue Color 70 3 Dayik Yelips, o4 med. \tollows ¢ Litter Spaatt poe ko + h gax bnhf

Encrustation {p7, },.,,, oo Turfalgae Ploca; brrig, Cg//g,,[,.zy. g Fucu s,

DiS€ase pfwng Turfinvert. Tuybumm swas I..r, broyogana _ Crethne

Sediment on blades Aowne Shrub algae L:m,.,m,ﬁ, ?km (bm Sargasrum hovners

Sinking fronds pfene Large Invert. ¢/ lobrley Aorgonia vs, /,mk,m;:e..m,p,;

Grazed tissues {97, _ Fishes 8, (At Guvibetd;, 858, BE 3oy em _m:}’:””’
Disease /\/0 e Bliickomp) Fhy deﬁumsh

Bottom Sed.onrocks S/'gh+

Tissue color 797 Darix “/g{”aw Fes, med, /eﬁ,,u Urchin status  %r red tiredih  on SOm dramsecs
Encrustation 717 ]gﬂ,‘,&o,,\

Disease ffone. Bottom characteristics

Sediment on blades afpr.C Rugoge boatolers of vovionf Siges
Sinking fronds a/bsre Spaced ~ Zon apardw] foone (arge
Grazed tissues. J o7, prled ofF Loateler; Plate pock + cabble
Sporophylls Pruel;:enr)" ~Sﬂ/5mmd* ] 'be e bputders with kelp ond
Juvenile fronds 20 % pasere broving (taminaws , Ve, , Gt d )
Holdfasts (19 ), (14),(3),(4) () (1), (2) (8)(8)n=9 : _

Old holdfasts %9 " {69z stpes|

Recruitment Nonc

{
““REMARKS 2, hot f fasds eated 7Y Aestny v mderpeath — 2o rbc/t'/ﬂvbfhk ,Dmfc—:'f‘
bt batd p/@wr'hf S50 fooked /ww.w
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

Observer: D:IS L TER Date ) MAR 2.2. N
Lat/Long™4325 200" W N\T°62.158 - coMW ot end Sur)p?s Location [ oyana Del Maxr )

NS 3,54, w W51 O T3 (5oL C it co e sthsirt el dime__ 0P HS
TOPSIDE OBSERVATI (2 cowTIBeach corbage veoWind/Direction _ 7-49 wt EsE

MW_ (G379 current 1 k4 .

Kelp Canopy Weather facHy chondy
UW Visibility {est.) |5 £ {

Extent [OCn X F00n, @ plop th - Swell Ht/Perio_d' 7L WSKW
Density S'casffe red :
Tissue color D7 Do K Lipisia, 70 /s 0., byoh,
% Frond comp. o Senile &6 O Mature | 3 o Young Other
Disease MNboung ‘
Encrustation /5 7, £ eozeam Surface Stipe Length 2214
Apical blades 2.5/, ’ Depth {offshore) 2% F¢
Sediment on blades Mone. Depth (other[note])
Remarks

Subsurface Mavtc 5 oL sbore do 256¢ Lents [N 33°35 169" WI1F52.057"

UNDERWATER OBSERVATIONS : e

Midwater . Community (_>
Tissue Color- Litter '
Encrustation Turf algae
Disease ) Turfinvert.

Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

Disease

Bottom Sed. on rocks
Tissue color : Urchin status
Encrustation

Disease Bottom characteristics
Sediment on blades '
Sinking fronds

Grazed tissues

Sporophylls

Juvenile fronds

Holdfasts

Old holdfasts

Recruitment

REMARKS ' , b
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

,Qbserver: h jg : B pate {2 Ma R_,?, 2
Coaat/longe N 22729663 W ({[PYY, 61T Location  Sawtb Lo i a
’ Time__ OUW O (Heasuee iland)
TOPSIDE OBSERVATIONS . Wind/Direction  ng 30 /) o00 _S‘+cp J Be,ch)
Current
Kelp Canopy Weather

UW Visibility (est.)

Extent . N@ Nr/— ‘ Swell Ht/Period

Density
Tissue color ) )
% Frond comp. | Senile Mature - Young Other
Disease
Encrustation Surface Stipe Length
" Apical blades * Depth (offshore)
Sediment on blades Depth (other[note])

Remarks 7 cqrue Torlom el = 30my /0D Verny Sesfteredl ~ o Hy Sablrarface

Subsurface

. UNDERWATER OBSERVATIONS E 00O J %CF 5 Beac J’L‘&O(fl\‘/f"[ 009 —1039
¥ Midwater . Community

Tissue Color NO Ne. o litter o

Encrustation © Turfalgae Ko Anpd ugr 7, Photlospadix

Disease . Turf invert. ﬁrqo%m; 54;01,, @é‘i‘ Htﬁ(m;ﬁ RY WY

Sediment on blades : Shrub algae Pler» Dvwman a, %w q{w(),

Sinking fronds Large Invert. (s (@Jm, (oBHer DA«E’W&&M( 66,7,%%

Grazed tissues . Flshesfég U gyf; ;aw Semorits, &1 é‘ﬂbkarrn, e

" Disease No.Ag ackiete

Bottom " Sed. on rocks el

Tissue color - Urchin status Modgeate [~d /m® )

Encrustation

Disease . Bottom characteristics @ i Q* %’, 01\2/? Fhe

Sediment on blades In? haulde 5 sgnged ~ I Ao

Sinking fronds ' Ipvig cobhle | oty of brisdomas

Grazed tissues Wagd  pfher brotum 21948 s A

Sporophylls ' seplt gt o howd Cubstrate

Juvenile fronds twdvicen boulders

Holdfasts None

Old holdfasts
Recruitment

.. “REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: Ast ﬁal‘?r‘ﬂfw'"i@ , k.l Mepers

Lat/long: $3°73.084 '™, 113°26.355 'w

Date j hbeg ¢ .
Location _ Sawn wla+4eo P&,
Time 14 00

TOPSIDE OBSERVATIONS Wind/Direction H-5 f, oS, w,
Current { k., §
Kelp Canopy Weather Par-Hu, Cloud £
UW Visibility 5 — {5
Extent NONE Swell Ht/Period 7 £+ Ssw . |3 See.
Density [73 4
Tissue color
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical blades
Sediment on blades
Remarks 3] ~F—(; OL%
Subsurface NOWE
UNDERWATER OBSERVATIONS
Midwater Community

Tissue Color ( N O‘Ng\ Litter NMong

Encrustation Turfalgae forralmée

Disease Turfinvert. Vpope

Sediment on blades Shrubalgae Mong

Sinking fronds Large Invert. Mgqasiren wndosa ( 33)

Grazed tissues

Bottom

Fishes d.alidefish BoveedJand Boss
Disease Mene.
Sed. onrocks Nome

Tissue color [NONE: \) Urchin status_Ze Urehin (2 ‘1) ﬂ,wpie /Z‘f‘)
Encrustation -

Disease Bottom characteristics
Sediment on blades 55 % PBoulder
Sinking fronds 25%s Cabble
Grazed tissues 10 o Sound
Sporophyliis

Juvenile fronds

Holdfasts

Old holdfasts

Recruitment

REMARKS | Fb&g:okﬁ,l' 5‘]"F/_ 5—(7m.vis,/ (-2t refief

Page C-47

MBC Aquatic Sciences

Page 188



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: D). TJQW\S‘W

ta/long: %5°71. 690" N, 1147 55,5635 v/

pae [ Declz
Location fan @i {e
Time _ |{y%

TOPSIDE OBSERVATIONS Wind/Direction 4% ttnors , L
Current | Knot, §
Kelp Canopy Weather fardl Clom dy
UW Visibility  2,-¢/ q )
Extent Nowng Swell Hi/Petiod 74 sSw, [Brec.
Density '
Tissue color l
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical blades
Sediment on blades
Remarks 45 [+ (M@l’b\
Subsurface Neg
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large nvert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues

Sporophyliis

Juvenile fronds

Holdfasts

Old holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet . i
CONDITION OF MACROCYSTIS BED

observer: D.3. Johwe JJ LL( pate 15 0€c LT

Lat/long: 42 723,216, WY H.GLE" N Location  fana P RAnyiAg.
! Time = %70 4

TOPSIDE OBSERVATIONS Wind/Direction 5~y f6e, furd

Current My S
Kelp Canopy ‘ Weather Jaréte, £l paddy
. UW Visibility Zen E

Extent Nopg Swell Ht/Period _ | 1., (b g

Density : T

Tissue color '

% Frond comp. Senile iviature Young Other

Disease

Encrustation

Apical blades

Sediment on blades

Remarks

Subsurface Nong

UNDERWATER OBSERVATIONS

Midwater Community
Tissue Color Litter
Encrustation . . Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

' Disease

Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment

REMARICS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet .
CONDITION OF MACROCYSTIS BED
QObserver: b TS huwestler Date (s i?{?ﬁc.; 2
Lat/long: 32°240, 884 ', N2 0 [ BOdwW Location (Zaor Sheans BRac b
’ Time |2'Zo
TOPSIDE OBSERVATIONS Wind/Direction 2- tf e, fes
Current /e, §
Kelp Canopy Weather P td, Clomet.,
. UW Visibility 2-3 pn -
Extent N2 g, ‘ Swell Ht/Period [ A2, /(s Tee.
Density -
Tissue color ) '
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical blades
Sediment on blades
Remarks  Jo i Amobl.
T
Subsurface fevd pisa vy E S on fﬁ*‘L,gm. v
UNDERWATER OBSERVATIONS
Midwater ) Community
Tissue Color Litter
Encrustation - Turf algae
Disease ’ Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
‘ Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sirtking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts
Cld holdfasts
Recruitment
REMARKS '
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Shest .
CONDITION OF MACROCYSTIS BED
Observer: D, J. J},Mﬁfftcf' Date /S Pecdt.
lat/long: %2°23.339'n  [124730, 938 'w Location _ S an Clemente
7 Time (3)0.
TOPSIDE OBSERVATIONS Wind/Direction 37/ 4euq, [
Curtent | kn, f
Kelp Canopy Weather Yardly, o d,
, UW Visibility 73 e
Extent  Wone . _ SwellHt/Period | £, \( See
Density :
Tissue color '
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical blades

Sediment on blades

Remerks %5 ¢ o(e.;o*lf{

SUBSUTTECE A ALK S awn (,ﬁ-ﬂ-waf»&f‘ *hv@ughmw‘i"‘ AvVEa

UNDERWATER OBSERVATIONS

Midwater Commumnity
Tissue Color Litter
Encrustation . Turf algae
Disease - Turf invert.
Sediment on blades Shrub algae
Sinking fronds ) iarge Invert.
Grazed tissues | Fishes

' ' Disease

Botiom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease - Bottem characteristics

Sediment on blades
Sinking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts

Cld holdfasts
Recruitment

REMARIKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

“abserver: Y T hmerstey ' : Date f5PEc 2t
- sat/long: 33°720. 614N, 113924, 957 ‘W Location _ Pend le o, FLeefr
' Time (0%9S
TOPSIDE OBSERVATIONS Wind/Direction 3 kn, S
current | i S
Kelp Canopy Weather (av¥l, 'C(_,g.,\d., o
» UW Visibility (est.)  2-3 '
Extent Mone - Swell Ht/Period {1 fr , lbsee
Dens'ty
Tissue color ]
% Frond comp. Senile Mature Young Other
Disease
Encrustation Surface Stipe Length
Apical blades Depth (offshore)
Sediment on blades Depth {other[note])

Remarks 2% Hﬁ PYTEEN
q

Subsurface  A/ome

( "INDERWATER OBSERVATIONS
-

- Midwater ‘ Community
Tissue Color : Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades : Shrub algae
Sinking fronds Large invert.
Grazed tissues ‘ Fishes

Disease

Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
sinking fronds ‘

Grazed tissues.
Sporophylls
Juvenile fronds
Holdfasts

OId holdfasts

Recruitment

1y
“"=REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet N |
CONDITION OF MACROCYSTIS BED
observer: D.J. Schuessler, K.P.overs T.€. Diaz pate |5 Dec 2L
Lat/long: N 33°18.%22', w113 %0. 511" Location _[Larne Canvion
Time 0950 -
TOPSIDE OBSERVATIONS Wind/Direction 3 jen, S.
Current 1) Ko, Se
Kelp Canopy Weather  Pas Hw C{,@a_du]
UW Visibility |5 €&~
Extent NONE Swell Ht/Period  1{¢ (b Sec.
Density '
Tissue color '
% Frond comp. Senile Mature Young Cther
Disease
Encrustation
Apical blades
Sediment on blades
Remarks
Subsurface
UNDERWATER OBSERVATIONS — thoRro CANY o
Midwater Community
Tissue Color Dayic Ve llovi FOL Med. dellow 1574 LY, 257 Litter Shell hash
Encrustation (00%, of blades 307 covexa 40 o€ Hw(romﬂ*/or Turfalgae _Rhod oplrytes
Disease  Nopg. ¢ " Bryozoan Turf invert. \.y., Lroiche
Sediment on blades \0o, of W ades, 307, overeag Shrub algae Rodbghutes, P gaghova, (Somraariae;
Sinking fronds Nowg Large invert. EEC"W: ﬁaok(mdg Pecor, c«-nb Qp\lﬁsnc\d;
Grazed tissues 207, of bledes grazed Fishes powE
‘ - " Disease pjondE
Bottom Sed. onrocks moderatl

Tissue color D ark el low 50'/ Med Mellow 27, (4. 257, Urchin status o NE
Encrustation 567, of bLlade ; 50Y, ummgg oF Li_ﬁd'ra{o(’ Lo

Disease nong. {eysgoom  Bottom characteristics
Sediment on blades By'/ , € plader 30 tove ¢ ' Gouwtdec 107
Sinking fronds powe (oloble 20%.
Grazed tissues S qlat . Souwnd 027

Sporophyllis Noie
Juvenile fronds Yeg
Holdfasts Mdwit(F) | S hduli(it) — Al w| 3-6 Stipes
Old holdfasts N“Né
Recruitment poWE

REMARKS LA reef cetie Ht St deptin
55°F
23w, v s,
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED

observer: D.J, Schuessler K.P. Masers, T.E Diaz Date_ |5 Dec 22
Lat/tong: ] 23°13.08%', W 113°29.511" Location __ Bayn Icelp
Time PAZ0

TOPSIDE OBSERVATIONS Wind/Direction__% kr, §.
Current 1-21«1" {.

Kelp Canopy Weather I

: uw Visibility 30 F¢ ( o %Me}mli }~ofn v

Extent NonE Swell Ht/Period 1 ﬂ; 16 sec.

Density -

Tissue color ‘

%Frondcomp. __ . Senile _____ Mature Young Other

Disease

Encrustation

Apical blades

Sediment on blades

Remarks

Subsurface M avidf on dadl.pnpdly —Hwoca?'[;«mq, - Qe

UNDERWATER OBSERVATIONS ~ GAEN KeLy

Midwater } Community
Tissue Color Dav K\Ia{[pw S0/, Med ellow S Litter AMong
Encrustation 507, of blades, \of coverage o Bryagoam Turfalgae Rhod ophpﬁ.es Covatlines
Disease NonE Y 7 Turf invert. [.L,,] Avoids | Tionlcates
Sediment on blades S [} g1+ Shrub algae W+cmqopkom Lamvwnmk Chondracanthus
Sinking fronds S %» v Large Invert, 4 .ﬂkq:mnms, -rj‘:.m-lé; CASp:\«-,lAb:lerf*
Grazed tissues 5 7, . Fishes @\wksmv{'k ke\pl%ass Eﬁ"ealSAnd Ea_yi—?,\s%\

: Disease None

Bottom Sed. onrocks Moderate
Tissue color Davik\fellow 97, podivm Yellow S04, Urchin status_Pucple Urehins Red Urehins
Encrustation 5o o€ wlades ; |0, caNrMe of gm,gm - (onderplade rockg
Disease MoNE Bottom characteristics
Sediment cn blades S114 et Pake Rocke 457
Sinking fronds Nowg Y Bowlder 307
Grazed tissues Slight~ . Cobble 20
Sporophyllis “es~ Sand S o

Juvenile fronds Ye s

Holdfasts PVAVLH. [ 9 7-9 shpes emh sk MMH'(;\ 23 SHipeseach, ﬂ«edvmmanﬂw ﬂ?-kirv ﬂ/aphpm +memmq
Qld holdfasts onE

Recruitment No NE L 25t veef reviet, IDM,vi:,. 55°% 4944 o\e?(“k

REMIARKS ¥ LN’% Frverts (oat * Keltet’s Wil i, Wavy Turbown Syon |, Noryis f(zfpfhmi Two-ipa-!"’tfwué“
Tidripan Snml:. Grant Keybole Limpet
X Tiche S cont. ' Otean Whitelish, CA sl«emhem Gnr-\m(d.,fenmm Pnisrked Grteuling , Giont-Soa Boss,
H’ﬁl(Mﬂoﬂ Kockwm;fe Blecke lerch gfmk-cqeef {ab.,
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: AdC. S"Uﬁwmh', 0T Jehuwesrler
Lat/long: 33°3 Y Yo7 /117950 669

O Crystet Cove
TOPSIDE OBSERVATIONS

®@Lite (orona

Kelp Canopy

0

EXtent™D A0 X (50 v
Density Seal !(/r,o.&.
Tissue color ), v / Meding, el

@D 250, % FSm

29-Jar 13

Date

Copona. Def Mavr

Location

Time 301 —13%)5

Wind/Direction _2-3 ke Nuw

Current 14, (ol

Weather Clecv . Sty

UW Visibility 1< £

Swell Ht/Period 7 £1, (S Sec.

% Frond comp. 9 Senile aks) Mature Young Other
Disease  , ye .
Encrustation \ew Litle {#njpzoen) £5%
Apical blades ple  1sibie
Sediment on blades \. e
Remarks WY~ (4 m cisles cdne  DLHf ot oater edge
Subsurface Kelg -\‘(\vmtﬁ\nowr [T ae)
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Botiom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

Observer: AKX Sugimoto,D,J,Sclumessier

CONDITION OF MACROCYSTIS BED

Date

lat/long: '53°22 .29 ' N, [1F°Y#. 290" W/ Location
Heis ler Paric Time

TOPSIDE OBSERVATIONS Wind/Direction
Current

Kelp Canopy Weather
UW Visibility

Extent 00w, % _ZODTH

Density  ¢cotternd

Tissue color 1,4/ PMediun ety

% Frond comp. 10 Senile
Disease  None

) Mature Young

23 -Tbéw—23

rlartia Lo.guna Qﬁéﬁa

1235 °

T o piniW

[ fn foatia
Cleow.  Suvaviy
IS£& 7

Swell Ht/Period 7 €L, ($ec

Other

Encrustation 20-729 % (Gryomomal
7

Apicalblades v/, ... [n./

Sediment on bladed None

Remarks oo ©F oo, edze Jopil
Lriie 31\’0‘2&101

(53737 892’ M3° 44, 627 'w)

Subsurface Theawriad 2vles en

UNDERWATER OBSERVATIONS

Midwater Community

Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

Disease

Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues

Sporophyllis

Juvenile fronds

Holdfasts

QOld holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: AK. Swgimete | .7 Schuesslecr Date & F- DanN- 23 ;
Lat/long: 2323 398~ . |VFH(,, BSE W Location Sonth Legquua Beach
Proos Street Time__jjos Y
TOPSIDE OBSERVATIONS Wind/Direction  7-7 fcin sipfwd
Current 4k Soutle
Kelp Canopy Weather ;. _ 5. .,
UW Visibility | < £
EXtent 20¢yvn X 200w Swell Ht/Period 7 £ (6 fec
Density Scwy,}pﬁpc‘
Tissue color v5,. v/ Megivp  velow
% Frond comp. 5 Senile a9 Mature Young Other
Disease N, . ‘
Encrustation 72¢.2my, { Bypzpow)
Apical blades  \jo.., (3,4 '
Sediment on blades’ . o
Remaris 4/ & @ outecedge
Subsurface Tlowpiagn ol _enbh®  even
2 t“'/ I e St @B Lo B
UNDERWATER OBSERVATIONS
Midwater Commumity
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyllis
Juvenile fronds
Holdfasts
Cld holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDI!TIION OF MACROCYSTIS BED

Observer: A, Sugimoto, 9.3, fchuessler pate 2F JAN 2.2
Lat/Long: 23449 Jqu' LW qu  gpn Location S oW‘H\ L&quv\f&
a0 Jre s Beania Time | oyy <
TOPSIDE DBSERVATIONS Wind/Direction 9 _7 1oy v
Current | (.. Coadt.
Kelp Canopy Weather 1o ¢ipnmy,
UW Visibility 15 £z !
Extent  Nope Swell Ht/Period 2 1 K see
Density !
Tissue color
% Frond comp. Senile Mature Young Cther
Disease
Encrustation
Apical blades
Sediment on blades
Remarks Reed @ 47,3 #
Subsurface o0
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf-algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyllis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet
CONDITION OF MACROCYSTIS BED ‘

Observer: NIS / AKS Date 27 Teynnd
Lat/long: py 33°28. 050’ W ] F°43.276" Location _ang Pawrt / Salt {yesic

Time o900

TOPSIDE OBSERVATIONS Wind/Direction  2-3 140 N
Current{ Sou &in

Kelp Canopy ' Weather - Clear. iy

7

UW Visibility /5 £2

Extent {00m % B mn Swell Ht/Period 2 & |, 1S sec.
Density wery Scafdered ~ !
Tissue color Davic ya/lo
% Frond comp. _3® ‘7 Senile
Disease Ajsia €
Encrustation Asone.
Apical blades
Sediment onblades A/, e
Remarks K20 indiyodmal Wefp w) canmope,

L] L

2.2/ Mature

[ Oj/, Young Other

Subsurface Many rmabic g on ﬁ-%;m}g.&w i Fo @ B f‘f—mﬁ;c_a‘, W!'a‘('Ve’fFow(?

{ K. Dilue .« AYE Loy
UNDERWATER OBSERVATIONS S\a/ Al {rﬁ’a j‘?% VE .

Midwater . ) Community
Tissue Color Mp dlipns Lellp itter Somzd + shoit hash
Encrustation <ljgh i’ g»}, }953@/\‘ Vo Turfalgae (ovedlive Q(M Rlode dhagdes

Turf invert. Bryoronns, fbeg seatl ﬁ;’ }ﬂi:b;%fmn

hrub algae 040 A0 5.»\;,«!&5‘ Fhe %{ﬁwv 7 5H.
Large Invert. ¢ A5, Lp:w’ér’, /\;arrujmm’;(a
Fishes ko{pis of; Bareed fais 0dch
Disease B, iHelpFist B2

Disease Mo \m;;:/

Sediment on blades ~ 27/,

Sinking fronds  poa O

Grazed tissues~ <5 0%/ oy Moyyr 51 il 5;}

Bottom

. . g I
Tissue color M»Q{;"ii S {4 e ’73;@#’ Lt

Encrustation Svyoaiomim al e/ rdS

/gt
Disease My g

Sed.onrocks 5! ghd
Urchin status e d trchias ,/:473?} Pucplo (<o)

Bottom characteristics

Sediment on blades A/ #1.¢

g 7 Ty = F
fate pocf yerth Secn i/

- Sinking fronds /b s,

bowulder 7% opble Taad

Grazed tissues 9%

g Sra-idt g.««:w«é:(_} /Wi J/yﬂ’UI/JJ‘

Sporophyllis V.

AA P Fro UG IS Dpdvicgm biedd vag il
4 EJ

Juvenile fronds

Holdfasts | 70 1|}

Old holdfasts 1 V1

Recruitment Mwwo,

P Pt e
REMARKS - (_”?ﬁ o SRS g sl Ho fo epthe.
y N 1 '
%) Riadophuder Plery sephora, Lﬂu}m’wmn‘a, Costalerra €?V€4"ﬁ 22 m wig,
1 W s 7 7 o
55 °F

-4 fi velef
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: AlSwgimedo, DT, Jehmessler

Lat/tong: 23°)2.984 M/ WT° 25, 479" W

Date_z27,1,23

Location  Sauqte Mornatia
Time _jijyy

TOPSIDE OBSERVATIONS Wind/Direction. 4-2 i LN
Current -7 fcon , N
Kelp Canopy Weather ?q,ﬂ‘,' laiedne
UW Visibility 2 -2 !
Extent M ONE Swell Ht/Period " su1/ 17 ¢oe
Density
Tissue color
% Frond comp. Senile Mature Young QOther
Disease
Encrustation
Apical blades
Sediment on blades
Remarks (13 0% ,ng)l’b\
Subsurface pone
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disaase Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert:
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyllis
Juveniie fronds
Holdfasts
Old holdfasts
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: A—}@M’impw, 0.3 fhveliler

Lat/long: =30p9 L2 N/17°21.618" 1

TOPSIDE OBSERVATIONS

Date

2 Feb 23

Location

Nov#yy - Comvidboad

Time

1349

Wind/Direction

Y-85 s LN

Current /-2 o a7

Kelp Canopy Weather _Pordty  ato,dy
UW Visibility [-7 /_ ’
Btent 75 . x 20 Swell Ht/Period >~ 510 /1 dec
Density o ta medown .
Tissue color ™~ 80'y Modunm \ovmenn / 2oz ) et vt
% Frond comp. 70 Senile 2v Y Mature 10 Young Other
Disease  Nae
Encrustation L py,
Apicai blades )¢)oy
Sediment onblades e
Remarks
Subisurface séaditrtd on vee £ ave o
UNDERWATER QBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large thvert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics

Sediment 6n blades

Sinking fronds

Grazed tissues

Sporophyllis

luvenile fronds

Holdfasts

Old holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: AW Sugﬁmnh , Do phwessler

Lat/Long: 3308, 498" w\/ 17721 27"\

TOPSIDE OBSERVATIONS

Date_ 2%e}, 23

Location __ Auiye Medianda

Time 1445

Wind/Direction  4-5 a1 . LA

Current -7 i<, w4

Kelp Cancpy Weather Pty elpudy
UW Visibility 5-34,. '
Extent NoNE Swell HifPeriod 2 sy / 17 sec
Density
Tissue color
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical blades
Sediment on blades
Remarks 25.82" ..\
\
Subsurface Vone
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds L.arge Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts
0Old holdfasis
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

Observer: AN,Siagimoke

CONDITION OF MACROCYSTIS BED

Date 2 Folp 23

Location £ -ivp, - Bogor Plant :

Lat/long: 33°07. soa” M/ 1 T7°20. 4t
’ Time _ 1339
TOPSIDE OBSERVATIONS Wind/Direction  y.g 1. LyNW
Current -2 &. w,
Keip Canopy Weather py. ), 'd,,,,;_,
UW Visibility - -~/ ,
Extent \ONE Swell Hi/Period 9" e1y/ 19 sop
Density
Tissue color ’
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical biades
Sediment on blades
Rematks 3¢.4° nlpg,\/k
Subsurface Nope
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazad tissues
Sporophyliis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
REMARKS =
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Chserver: Ail\sulaiwﬂ", DJ. Jehwesrar
Lat/Long: 33006, 138 N/ 107°39, B4 Ll

TOPSIDE OBSERVATIONS
Kelp Canopy

Extent N E

Density

Tissue color

% Frond comp. Senile
Disease

Date 7 Fel, 2% e

Location _ ceviglnd Slato Besrh
Time _ )33)

Wind/Direction  4-6 1z, LINV

Current  |-72.3ein, N
Weather o, 4y Cies,dy
UW Visibility 50 '

Swell Ht/Period 2" 51y / |7 e

Young Other

Encrustation

Apical blades

Sediment on blades

Remarks 12.2° Adeoth
i

Subsurface )\ jnn@

UNDERWATER ORSERVATIONS
Midwater
Tissue Color

Encrustation

Disease

Sedirnent on blades

Sinking fronds

Grazed tissues

Botiom
Tissue color

Encrustation

Disease

Community
Litter
Turf algae
Turf invert.
Shrub algae
Large Invert.
Fishes
Disease
Sed. on rocks
Urchin status

Bottom characteristics -

Sediment dn blades

Sinking fronds

Grazed tissues

Sporophyllis

Juvenile fronds

Holdfasts

Old holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet :
COMNDITION OF MACROCYSTIS BED
Observer: A5, gimoto, DI, fehuesiler Date _ 2 $0b23
Lat/long: 2393, 937 N/ 117705, 690" 11 {sotvs crd cormay stortd  LOCALION  Novym - Leiradia
33°04, $37°N/ 719 021U (naﬂ‘h end) Time 14,7
TOPSIDE OBSERVATIONS Wind/Direction  44-5 445 LN
Current 1-7 ka, N
Kelp Canopy Weather @uvi1,  eloudy
_ UW Visibility /_v 1., ’
Extent (000w § %00 m v Sweil Ht/Period =" =54y /37 epe
Density - .
Tiss_ue color 7oy Mediunn braun / 5ee Ll:ﬂw Yriran
% Frond comp. ~10 Senile Zes Mature 78 Young Other
Disease pf, .p
Encrustation 2 %
Apical blades 0%
Sediment on blades pi a0
Remarks ©-10 44 epert on sor forp
Depbla: 2.5 sodn end, 32.2° vovin end
Subsiirface scotie e d o o€
UNDERWATER OBSERVATIONS
Midwater Commmunity
Tissue Color Litter
Encrustation . . Turf algae
Disease Turf invert.
Sediment on blades ) Shrub algae
Sinking fronds ) Large Invert.
Grazed tissue§ | Fishes
: ’ Disease
Bottom ‘ Sed. on rocks
Tissue color : Urchin status
Encrustation
Disease ) Bottom characteristics -

Sediment on blades
Sinking fronds
Grazed tissuas
Sporophyllis
Juvenile fronds
Hoidfasts

Oid holdfasts
Recruitment

REMARKS ' .

Page C-65

MBC Aquatic Sciences Page 206



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet ,
CONDITION OF MACROCYSTIS BED

Observer: AKs ginato, D.T.Schugssley Date 2 fap 23
Lat/long: 33903, 673°n /117410, 566 M1 Location _cppival |pucedia
Time 1315
TOPSIDE OBSERVATIONS Wind/Direction 4 -5 145 1N\
Current -7 cn ol

Kelp Canopy Weather p, 1., ::!r. vy

_ UW Visibility 5 _=3 0. !
Extent 15w % 25 yn Swell Ht/Period 2 <4 /17 sec
Density  v\jory, gealoredd
Tissue color
%Frondcomp., ________ Senile _ ___  Mature .. Young Cther
Disease
Encrustation
Apical blades

Sediment on blades
Remarks 27.4" 4,4
¥

Subsurface Sca H—me‘ by

UNDERWATER OBSERVATIONS

Midwater Community
Tissue Color Litter
Encrustation - Turf algae
Disease Turf invert.
Sediment on blades Shirub algae
Sinking fronds ) Large Invert.
Grazed tissues . Fishes

' ' Disease

Bottom Sed. on recks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed fissues
Sporophyliis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: A}(ﬁugjma‘l—o L DI fowedsler

Lat/long: 3303 3% W/ 12°1B.uq 14
TOPSIDE OBSERVATIONS

Kelp Canopy

EXtent 30, x 7w

Density vion, seottespd

Date 2 Feb 73"

Location __ Soutn -~ Loy ~adis

Time 4312

Wind/Direction 4.5 s Lipl\d_

Current v 1 ko, .

Weather Bty eloudy
UW Visibility 2 -5, !

Swell Ht/Period 2° <14/ 17 e

B

Tissue color
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical blades
Sediment on blades
Remarks 34,57 Azo¥a
T
Subsurface very jeafited prar K(
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics

Sediment on blades

Sinking fronds

Grazed tissues

Sporophyllis

Juvenile fronds

Holdfasts

Old holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: AlSugimate, b T, fakma.ffh’/(

Lat/long: 33°02, 099N/ WSS (sondn m,mmﬂ_x[uw»«aB

33°02.092N/ 17° 502810 (v ard)

Date 2 Fel 23

Location  EvieiniTas

Time __ {391

TOPSIDE OBSERVATIONS Wind/Direction 7.3 1kis 8lf
Current {-2 jn, N
Kelp Canopy Weathelr ¢ iy ~laudy
: UW Visibility 77w 7
Extent 500 4 30Ben Swell H/Period ~ [4 sy /17 ser
Density §C_Q§*§mi 3*1[ Soiong dmﬂ'gﬂf 9014’;.5’!?5
Tissue color 40 Medwwn Yiaun / 10 Light barsa
% Frond comp. iy Senile 20 Mature [19) Young Other
Disease Neme
Encrustation Yo%
Apical blades | %
Sediment on blades Nose
Remarks Weeyier emevsslaborr on &ac511a@ Joladas
D{I‘J'Hf\? BE2T sasth &mdl B3 el anel
Subsurface fcodleced wrsvind
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyllis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Shest .
CONDITION OF MACROCYSTIS BED

Observer: A¥suainag to i ﬂ.\Tl JQL\MLIJLB( Date 2Fen 273
Eat/long: 33° 03 Jemn/ W77, 2700) (s it ond comen, siord) Location .y of
| 33°00. 497N/ 1171 488 {rgmin ond) Time 253
TOPSIDE OBSERVATIONS Wind/Direction_ 7.~ 4y wg
Current |- k4. p),

Kelp Canopy Weather T, 4y o) audy

. UW Visibility [ ) "
Extent [,,00,./\ * L(Qﬂm ‘ Swell Ht/Period B £ 51 /s e

Density < e d

Tissue color 85 Mmediws Mémm_m__ A
% Frondcomp. _ g0

v
Senile o Mature 0 Young Other

Disease N,

Encrustation 349,

Apical blades 1) ¥

Sediment on blades ..
Remarks 35 ¢ ..., >

(DvUMA\ Ll?-. 2 v emd :

Subsurface seotleved Marks

UNDERWATER OBSERVATIONS

Midwater Community
Tissue Color Litter
Encrustation . - Turf algae
Disease Turf invert.

Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

' ' Disease

Botiom : Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades ]

Sinking fronds
Grazed tissues
Sporophyilis
Juvenile fronds
Holdfasts
Qid holdfasts
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

Observer: A-]l\éummo*!ol .1 fc‘tu«@fJL?/(

CONDITION OF MACROCYSTIS BED

Date_ 2 Feb 23

Location _ S . Yann Peadn

Lat/Long: 37°5a 16t w /1W7°16 .51 W (seuin end congoy lev)
32069, 641N/ N7°17, 195" fodvierd)

TOPSIDE OBSERVATIONS

Keﬁp Canopy

Extent (000 Y. H00mn

Time _y7ug

Wind/Direction Q-3 gr NE

Current | -7 win  pJ

Weather Fp 41y ¢ aud i

UW Visibility 2- %7

Density &, 41zzed

Swell Ht/Period 3 £3 214 J 17 see

Tissue color 80 % Medwwn  bvaan [za”@ 4“55“" Yivan a1

% Frond comp.
Disease N ¢

0 Senile s Mature ¥9) Young Cther

Encrustation Lo %,

Apical blades |,

Sediment on blades Mgne

Remarks 0" st emd oo shart
(ilp [JWI\\% qy. 5 vy end
Subsirface  ( caddeped e sviks
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Botiom Sed. pn rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyllis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet .
CONPITION OF MACROCYSTIS BED
Observer: pvoto, BT felneislor  Date_ 2Tl 23
Lat/long: 32 %87 5y N/ 176,772 w Location_ /1 Mg,
Time 1734
TOPSIDE OBSERVATIONS Wind/Direction 4.4 123s  NE
) Current |~ ki, nJ.
Kelp Canopy Weather_p, 11, clagdy
o UW Visibility 2.3/ . 4
Extent  NaopNE ' . Sweli Ht/Period = o <1y /1~ oo
Density .
Tissue color ;
% Frond comp. Senile Mature Young Other
Disease
Encrustation
Apical blades
Sediment on blades
Remarks 5o o A, ol
Ay
Subsurface Nong
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation . . Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds ' Large Invert,
Grazed tissues Fishes
‘ ’ Disease
Bottom Sed. on rocks
Tissue color : Urchin status
Encrustation
Disease Bottom characteristics
Sediment on blades '
Sinking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: ARS wgimets 0T, Jehuestler

Lat/long: 32°5e 929° N/ 14215, B4y (ovler edgd)

Date 2 Fal, 23

Location _ Yoy say Pines

Time 1225/

TOPSIDE OBSERVATIONS Wind/Direction -3 Wds N
Current .2 v, AJ-
Kelp Canopy Weather 2, 4, Clawdy
UW Visibility  2-3. i
Extent No NE Swell Mt/Period < £1 et / 17 see
Density
Tissue color '
% Frond comp. | Senile Mature Young Qther
Disease
Encrustation
Apical blades
Sediment on blades
Remarks 7.4 ouder ed;p ol,t’l‘ﬂ(k
Subsurface NoNE
UNDERWATER OBSERVATIONS
Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes
Disease
Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottorn characteristics
Sediment on blades
Sinking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts
Cld holdfasts
Recruitment
REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: Au o

Latflong: 2°45 261"N/ 117169749y (Goudin oud goet)
527NN /117717343 (Moviand)

TOPSIDE OBSERVATIONS
Kelp Canopy

Extent  %,99p, X Fo0m

Density 5. piiegmdd, vley

Tissue color 0%, 1 edy.n, bvenn/ 20% Ligril g

% Frond comp.
Disease

80 Senile o)

Mature

Date

2Teb 23

Location

Time
Wind/Direction
Current
Weather

UW Visibility
Sweil Ht/Period

\A Young

le 3011“

1187

Z-3 Kie AF

| il

Foudly clowds
7 7
2 -2 v

3 & s Jam ser

Other

Encrustation _p ey,

Apical blades |ryo,

Sediment on blades Aand

Remérks- Y7, Z soudh eod re naa;.}v o4 v g

Subsurface bt vnbv i f 'H/\voa\ﬂ'i\aw\’ LS
| 7

UNDERWATER OBSERVATIONS
Midwater
Tissue Color

Encrustation

Disease

Sediment on blades

Sinking fronds

Grazed tissues

Bottom
Tissue color

Encrustation

Disease

Sediment on blades

Sinking fronds

Community
Litter
Turf algae
Turf invert.
Shrub algae
Large Invert.
Fishes
Disease
Sed. on rocks
Urchin status

Bottom characteristics

Grazed tissues

Sporophyllis

Juvenile fronds

Holdfasts

Old holdfasts

Recruitment

REMARKS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Field Data Sheet

CONDITION OF MACROCYSTIS BED

Observer: AS,gimoto, D.J, Schuesslov bate 2 Felh 23
Lat/long: 32°397044" N/ 117%15. 20 (coum caviapy sovt) Location__ Pan+ terng
. : ZIE;\HIA&T?O?;?/ 117%16, 358" (0f(shere péée‘}* Windo Time oesod
TOPSIDE OBSE ° B ind/Direction 2-3 jzd. ME

TSN st oy ) " e
Kelp Canopy \ Weather (" 1p0 .

. UW Visibility 2 -3,

Extent ﬁﬁ‘wM A 1000 m Swell Ht/Period 3 & sy / 7 fec

Density _Sroilared
Tissue color 40 %' Madivi, vy, Z0% Lisnd bwvmin

.

Young Other

% Frond comp. o0 Senile 1O ¥ Mature
Disease {ulinng

Encrustation 10 9,

Apical biades 1y,

Sediment onblades N0

Remarks ™My 4 avozed

Qe phdn: éﬁu7’l (J'Fiﬁvmre dee

g g nreiu £33 W)

Subsurface 54 0 Souilh sdeBo’ dal_clnals (37°24

UNDERWATER OBSERVATIONS

Midwater Community
Tissue Color Litter
Encrustation Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.
Grazed tissues Fishes

Disease

Bottom Sed. on rocks
Tissue color Urchin status
Encrustation
Disease Bottom characteristics
Sedimenton blades
Sinking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
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Field Data Sheet .
CORDITION OF MACROCYSTIS BED

Observer: AKSusinote ., D.T. Jo Sl Date_ 2fppp23% -
Lat/Long: 32924, 575" W/ 1704, 478" w Location_ T, -ovip) Bemein
Time  pgja
TOPSIDE OBSERVATIONS Wind/Direction_2-3 9. NF
Current 1.2 wn, oy

Kelp Cancpy Weather Clogy,

. UW Vistbility --3,._
Extent NONE . Swell Hi/Period 3 £y ey /19 o
Density :
Tissue color . l
%Frondcomp. _____  Senile e Mature Young Other
Disease
Encrustation
Apical blades

Sediment on blades
Remarks 2" Jiohy,

Subsurface N DA} i

UNDERWATER OBSERVATIONS

Midwater Community
Tissue Color Litter
Encrustation . . Turf algae
Disease Turf invert.
Sediment on blades Shrub algae
Sinking fronds Large Invert.

Grazed tissues Fishes
- " Disease

Bottom . Sed. onrocks
Tissue color : Urchin status
Encrustation
Disease . Bottom characteristics
Sediment 6n blades N
Sinking fronds
Grazed tissues
Sporophyliis
Juvenile fronds
Holdfasts
Old holdfasts
Recruitment
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APPENDIX D

KELP CANOPY COMPOSITE AERIAL
PHOTOGRAPHS
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Photo D-1

Huntington Beach

Huntmgton Fla;s\ %‘ \5\ ‘<';

Newport Beach = Corona del Mar

T ‘f\j\

Corona del Mar Reef Point Laguna Beach

@ AQUATIC SCIENCES

April 8, 2022 Appendix D.1
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Photo D-2

South Laguna

Dana Point
822

San Mateo

San Clemente San Onofre
Point, 22

\

DMmbc

AQUATIC SCIENCES

April 8, 2022 Appendix D.2
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Photo D-3

Horno Canyon Barn Kelp Santa Margar.lta T

p
]

/

_ South Carlsbad
it Agua Hedionda State Park .
" - V‘YLeucadla Encinitas Cardiff

DMmbc

AQUATIC SCIENCES

April 8, 2022 Appendix D.2
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Photo D-4

Solana Beach Del Mar Torrey Pines

La Jolla

’
-

Mission Bay
Pacific Beach
La Jolla :

DMmbc

AQUATIC SCIENCES

August 8, 2022 Appendix D.4
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Photo D-6

Ocean Beach

Point Loma
ﬂ {A

August 8, 2022

Silver Strand

Imperial Beach

April 8, 2022 @ mbc

AQUATIC SCIENCES

Appendix E.9
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SEA SURFACE TEMPERATURES

APPENDIX E
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Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County

Appendix E.1 Newport Pier
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Daily Sea Surface Temperatures (SST) at Newport Pier for 2021.
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2022
26.0

24.0

22.0 1

20.0 A

18.0

Temperature (°C)

16.0

14.0

12.0

10.0

NN
¥ ¢ § § & © ¥V © ¢ & I &

— 2022 = Newport Pier 60-Day Harmonic: 1925-2020

Daily Sea Surface Temperatures (SST) at Newport Pier for 2022.
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Appendix E.2 Oceanside
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Daily Sea Surface Temperatures (SST) at Oceanside for 2021.
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2022
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Daily Sea Surface Temperatures (SST) at Oceanside for 2022.
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Appendix E.3 Scripps Pier
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Daily Sea Surface Temperatures (SST) at Scripps Pier for 2021.
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Daily Sea Surface Temperatures (SST) at Scripps Pier for 2022.
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Appendix E.4 Point Loma
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Daily Sea Surface Temperatures (SST) at Point Loma South for 2021.

Page E-7

MBC Aquatic Sciences Page 230



Status of the Kelp Beds in 2021 & 2022 — Orange County and San Diego County
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Daily Sea Surface Temperatures (SST) at Point Loma South for 2022.
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