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Introduction:

The Santa Barbara Kelp Restoration Project-Goleta Reef, known as the Sea Caves reefs, is
designed to improve both ecological and economic conditions in Goleta Bay. This project aims to
increase hard substrate availability, thus converting the less productive sandy/mud bottom habitat
into a more diverse and thriving marine ecosystem. The introduction of the biogenic Sea Caves
reefs is anticipated to promote the recruitment of macroalgae and invertebrates, which will, in turn,
attract mobile macroinvertebrates and fishes. This pilot project will evaluate the feasibility of Sea
Caves as a permanent hard substrate in Goleta Bay and their effectiveness at maintaining a
Macrocystis dominated reef over the next five years.

Previous deployments around the world have demonstrated these Sea Caves reefs' ability to
withstand significant oceanographic conditions, which will now be tested in Goleta Bay.
Furthermore, the design of the Sea Caves is intended to attract various nearshore marine species,
including those of commercial and recreational value such as spiny lobster, calico bass, halibut and
sheephead, potentially enhancing local economic activities.
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Figure 1. Panel A) shows the location of the pilot Sea Cave reef study site within the Santa Barbara
Channel and greater Southern California bight. Panel B) shows the locations of the Sea Cave Reefs sites
and associated controls sites along the Santa Barbara coast. The Sea Cave reef site is where 16 individual

Sea Caves were deployed in March 2024.

Pre-site Monitoring

Before the deployment of the 16 Sea Caves, a thorough pre-site evaluation was undertaken to
identify the ideal location for the reef and establish baseline conditions for the area. Surveys
determined that a site in Goleta Bay, at depths between 12 and 15 meters, would have minimal
effects on local biodiversity and biomass (Figure 1). Preliminary investigations, including
underwater visual inspections and sonar scans from a vessel, helped to outline the boundaries of
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the deployment area. Additionally, baseline data were gathered from a comparable nature reef site
(Figure 1). The Fish Reef science team conducted SCUBA surveys to assess the site, using
stratified random benthic surveys to ensure comprehensive coverage. The site’s physical
characteristics were documented, with no significant seasonal changes anticipated.

Deployment Monitoring

The Sea Cave reef was deployed in clusters of 8 caves, spaced 2-3 meters apart. Inmediately after
deployment, side scan sonar was used to map the reef's location and structure, establishing a
baseline for future structural changes over five years (Figure 2). Initial monitoring surveys were
conducted 3 months after deployment to establish a comparative baseline for recruitment and
growth studies between the Sea Caves and control sites.
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Figure 2. Side Scan Sonar of Kelp Restoration Sea Caves Reef

Long Term Monitoring

The Sea Cave Goleta reef monitoring plan requires that monitoring be completed three times
annually over the next five years. After this initial period, monitoring will continue twice a year
for three years following the reef's removal. The monitoring will be concentrated at three main
sites: the Sea Caves reef in Goleta Bay, a soft bottom control site within the bay, and a natural reef
site located <10km from the Sea Cave reef site.
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Table 1. Time line table outlining the past, present and future monitoring associated with the Goleta Bay
Sea Cave Reef kelp restoration project. The current report focusses on monitoring completed in July of
2024 but uses past data for comparison and to measure changes associated with Sea Cave reef project
activities. Note that monitoring will continue past March 2025 but was excluded from this table for
visualization purposes.

Date Nov Jan  March *July Nov March
2023 2024 2024 2024 2024 2025
Baseline  Baseline Install Monitoring
Sea Cave Fish Survey X X NA X
Reef .
Benthic Survey X X NA X
Soft Bottom  Fish Survey X NA X
Control
Benthic Survey X NA X
Natural Reef Fish Survey X X NA X
Control
Benthic Survey X X NA X
Methods

A combination of methods was employed to monitor the reef and its associated ecosystems.
Benthic swath transects of 30 by 2 meters were used to count mobile invertebrates and algae.
Uniform point contact (UPC) surveys were conducted along these transects to monitor benthic
cover and newly recruited species. Fish band transects were also carried out along the same
transects to identify and measure fish species.

At the Sea Cave reef site additional targeted surveys were performed on spiny lobsters and giant
kelp to accurately monitor these species. Additionally, the amount of exposed sea cave reef was
recorded for each unite to detect any ‘sinking’ or sedimentation of the reefs into the substrate.

A total of 3 transects, covering 180 m2 of area, were surveyed in the soft bottom control site and
a total of 2 transects were surveyed at the natural reef control site, covering 120 m2. At both the
soft bottom control and natural reef control, starting points were randomly chosen and transects
were run along shore, maintaining a relatively similar depth. Algal species were identified to
species when possible or group into the highest taxonomic species. Fishes were identified to
species and sized to the nearest cm.



Results

Soft Bottom Control

The soft bottom control site, located in Goleta Bay, consists of low rugosity sand bottom, with low
algal abundance and diversity. When algae were present, 4 most common types were; red ogo
(Gracilaria pacifica), green (Ulva sp.), understory palm kelp (Pterygophora californica), and giant
kelp (Macrocystis pyfrifera). These species were generally rare and where only observed on lose
‘cobble’ like substrate. Only a few small, single blade Macrocystis plants were observed. See
appendix table 1 for a complete species list from each location.

The most common fishes encountered were juvenile California halibut (Paralichthys californicus)
and Pacific sand dabs (Citharichtys sordidus). The most common mobile invertebrates observed
were yellow rock crab (Metacarcinus anthonyi) and bat stars (Asterina miniatea). The faunal
biomass and densities were extremely low, as expected in this habitat type.

Natural Reef Control

The natural reef control site consisted mainly of hard bottom, consolidated reef substrate with
moderate to high rugosity (0.5m — 2.5m). This hard-bottom nearshore benthic system had the
characteristic components of a temperate kelp forest community. The 5 most common types of
algae were Giant kelp, understory palm kelp, red ogo, Ulva sp., and feather boa kelp (Egregia
menziesii).

The most common invertebrates observed on transect were red gorgonians (Leptogogia chilensis),
orange puffball sponges (Tethya californiana), ochre stars (Pisaster ochraceus), purple urchins
(Strongylocentrotus purpuratus) and red urchins (Mesocentrotus franciscanus). No Spiny lobsters
(Panulirus interuptus) were counted in the transect or seen on the dives.

Fish densities were moderate, consisting of calico bass (Paralabrax clathratus), senorita (Oxyjulis
californica), rubberlip surfperch (Rhacochilus toxotes) and California sheephead (Semicossyphus
pulcher). Several other fish species were present, but not captured in the transect, including
Garabaldi (Hypsypops rubicundus), Kelp Rockfish (Sebastes atrovirens), Kelp Perch (Brachyistius
frenatus), Kelp fish (Heterostichus rostratus) and Horn shark (Hetrodontus francisci).

Sea Cave Reef Site
The Sea Cave reefs showed a dramatic amount of algal growth after >3 month deployment on the

sea floor. Macrocystis stipe density ranged from 7 - 28 stipes per Sea Cave, with an average
density of 17 stipes per Sea Cave. Macrocystis stipes were approimately Im in length. Other
species such as understory palm kelp, red ogo, and Ulva sp. were observed. Note no invasive
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species were observed at the Sea Cave Reef site. Understory algae was very abundant and palm
kelp densities averaged ~26 plants per Sea Cave and were <lm in length. Red Ogo densities were
21.5 plants per Sea Cave and up to 18 cm wide. Ulva densities were at 13.5 plants per Sea Cave
and up to 10cm long. The survey team also observed numerous early-stage algal recruits that were
unidentifiable.

Fish species observed included calico bass, senorita, rubberlip perch, kelp Perch, horn shark,
silver surf perch, plainfin midshipman (Porichthys notatus), California halibut, California
sanddab and California sheephead. Divers also observed several Spider Crabs (Loxorhynchus
grandis), White Nudibranchs (Janolus barbarensis) and the always magnificent Purple Shawl
Nudibranchs (Flabellina iodinea). 1t is notable that no California spiny lobsters were observed
on, in or around the Sea Caves as of this monitoring cycle.

Figure 3. Two photos from July 2024 showing algal growth on Sea Cave reefs that were
installed in Goleta Bay, California in March of 2024.

Sedimentation

We found no evidence of any sedimentation on the Sea Caves Reef. The feet of the Sea Caves
were clearly uncovered and sitting on top of the sea floor. There was also no evidence of sinking
and all Sea Caves remained upright and exactly as they were deployed. We will continue to
monitor the effects of sedimentation and sinking for the duration of the monitoring cycles.



Changes Associated with Sea Cave Reefs

The most notable change between pre and post Sea Cave deployment is the increase in fish
abundance. Fish abundance was ~10 greater compared to pre deployment conditions. Species
richness of fishes was similar to natural control reef site with 8 unique fish species observed on
the Sea Cave reefs and 9 unique fish species observed at the natural reef sites (Appendix Table 1).

We used a Shannon Diversity index to measure how the biodiversity of algae, invertebrates, and
fishes changed after Sea Cave reefs were deployed (Figure 4). Prior to implementation, the Sea
Cave reef site had a similar level of species diversity as the soft bottom control site inside Goleta
Bay. Sea Cave reefs were deployed in March of 2024 and buy July 2024 the overall species
diversity at the Sea Cave reef site looked similar to natural reef. Note for this analysis benthic
abundance data was grouped into kelp, understory algal, sea grass, mobile inverts, and sessile
inverts, while fishes were analyzed at the species level.

Shannon Diversity Index for
Fish Invertebrates & Algae
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Figure 4 Plot showing the changes in the Shannon diversity index for algae, invertebrates, and
fishes. The green squares represent the Goleta Bay kelp restoration site where Sea Cave reefs
were deployed in March 2024. The red circles and blue diamonds represent the natural reef
control site and the soft bottom control site, respectively.



Algal densities dramatically increase post Sea Cave Reef installation and are already at similar
levels to the natural control reef (Figure ##). This rapid increase in algal density suggests that Sea
Cave reefs provide an appropriate substrate for kelp forest restoration. The natural reef control site
has shown some seasonality in kelp and understory abundance, with algae generally increasing in
the summer months. Future monitoring efforts will work to understand whether Sea Cave reefs
follow a similar seasonality pattern to algal recruitment and growth.
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Figure 5. Plots showing the change in kelp (A) and understory algal (B) density on the Sea
Cave Reef, natural reef, and soft bottom control sites. Sea Cave Reefs were installed in March
2024.

There was a noticeable lack of sessile and less mobile invertebrates present on the Sea Cave reefs
compared to the natural reef control sites. Organisms such as urchins, gorgonians, and sponges
were not detected on the Sea Cave reef system. We anticipate that these organisms will slowly
accumulate on to the Sea Cave reefs through larval recruitment processes. Future monitoring
efforts will work to track the recruitment and changes in abundance of these species.



Conclusion

The Fish Reef Projects' Sea Caves reef deployment in Goleta Bay appears to be providing
substantial ecological benefits by increasing the availability of hard, consolidated substrate. In
just a short period of time this has resulted in increases in algal and fish abundance. Our initial
finding suggest that Sea Cave reef project activities are effective at enhancing and protecting
marine biodiversity. This increase in marine biodiversity includes numerous commercially and
recreationally valuable species such as calico bass, halibut and sheephead. We also anticipate
spiny lobster densities to increase over time.

The Fish Reef Project team is also working to understand how Sea Cave reefs can help combat
climate change by increasing marine photosynthesis (i.e. algal growth on Sea Caves). Kelp
forests, which are expected to thrive on these reefs, are known for their carbon sequestration
capabilities, helping to reduce the overall atmospheric carbon. Additionally, Fish Reef Project
sites can potentially act as sinks that accumulate carbon within their sediments due to the unique
design of Sea Cave reefs and their deployment over sand. The Goleta Bay Sea Cave reef site
provides an experiment site at which carbon accumulation can be measured and tracked through
time.

The Sea Caves reef site will continue to be monitored to evaluate its ability to support temperate
marine ecosystems including various species of macroalgae, invertebrates, and fishes. Success at
this site would validate the Sea Caves' potential as a sustainable solution for enhancing marine
habitats and supporting local economies through increased fishing and recreational opportunities.
Overall, the Sea Caves reef project aims to replicate the successes seen in their other locations,
such as Baja Mexico, South Carolina and Papua New Guinea, facilitating a richer and more
resilient marine ecosystem in Goleta Bay while providing perceptible economic benefits to the
local community and addressing the wide-ranging challenges posed by climate change.
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Appendix Table 1. Table showing the species observed and location. Note that these species
were observed on survey transects or by divers at the site.

Species Name

Sea Cave Soft Bottom
Reef Control

Natural Reef

Control

Algae

Giant Kelp
Macrocystis pyrifera
Other Browns

See Footnote

Green algae
Cholorphyta

Red algae
Rhodophyta

Invertebrates

Purple Urchins
Strongylocentrotus purpuratus
Red Urchins

Mesocentrotus franciscanus
Bat Star

Asterina Miniatea

Orchre Sea Star
Pisaster ochraceus

Red Gorgonian
Leptogogia chilensis
Orange Sponge
Scopalina ruetzieri
Yellow Rock Crab
Metacarcinus anthonyi
Spider Crab
Loxorhynchus grandis
White Nudibranch
Janolus barbarensis

Purple Shawl Nudibranch
Flabellina iodinea

Fish

Calico Bass
Paralabrax clathratus

Senorita Fish

Oxyjulis californica
Rubberlip Perch
Rhacochilus toxotes
California Sheephead
Semicossyphus pulcher
Garabaldi

Hypsypops rubicundus
Kelp Rockfish
Sebastes atrovirens
Kelpfish
Heterostichus rostratus
California Halibut
Paralichthys califoricus
Pacific Sand dab
Citharichthys sordidus
Silver Surf Perch
Hyperprosopon ellipticum
Plainfin Midshipman
Porichthys notatus
Kelp Perch
Brachyistius frenatus

Horn shark
Hetrodontus francisci

X

X

X

X

*Qther Brown algae includes Pterygophora californica and Egregia menziesii
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