





INTRODUCTION

The California State Lands Commission (CLSC) is currently preparing a Draft Analysis of
Public Trust Resources (APTR) to evaluate the potential impacts of the Broad Beach Restoration
Project proposed by the Broad Beach Geological Hazard Abatement District (BBGHAD). The
BBGHAD is seeking approval from the CSLC, through the issuance of a lease, to restore an
approximately 46-acre area of beach and sand dunes and to authorize the continued use of an
existing 4,100-foot-long emergency rock and sand bag revetment at Broad Beach in the city of
Malibu, California. The proposed nourishment of Broad Beach would also require multiple
additional local, state, and federal permits, including a Coastal Development Permit issued by the
California Coastal Commission (CCC). This report is intended to provide an overview of past
efforts to avoid or mitigate impacts to rocky intertidal and subtidal habitats resulting from
development within such areas, in this case due to beach nourishment and restoration. However,
because most available past projects and associated studies focus on subtidal habitats, so does
this review.

Under the Project the BBGHAD would import an estimated 600,000 cubic yards (cy) of beach-
and dune-quality sand to Broad Beach from inland quarries to re-establish a wide sandy beach
berm up to 322 feet on the eastern end, backed by a restored dune system. The Draft APTR
identifies potentially substantial and unavoidable direct and indirect impacts to rocky intertidal
and subtidal habitats as a consequence of burial and increased turbidity resulting from
implementation of the proposed beach nourishment. Impacts include loss of surfgrass
(Phyllospadix sp.) in Lechuza Cove and potential increased turbidity and/or post-construction
sand redistribution to affected subtidal reefs area and offshore eelgrass beds (Zostera sp.).
Therefore, the Draft APTR includes avoidance and minimization measures as well as alternatives
that would require the BBGHAD to address these potential impacts to sensitive marine
biological resources; such measures range from limitations on the sand placement along the
western end of the Project area as well as requirements to support habitat establishment,
restoration/enhancement, or preservation.

P S S

More than two acres of rocky intertidal habitat occur within Lechuza Cove on the west end of Broad Beach.
This complex habitat type supports a diverse community of sessile invertebrates (left), as well as surfgrass
(Phyllospadix sp.) (right), which is designated as a habitat area of particular concern (HAPC) and is
important for nearshore fish communities.
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This report briefly describes the issues

surrounding eaC_h_Of_the above a_lpproaCheS to « Permittee-responsible Compensatory
compensatory mitigation and provides examples Mitigation

Pf pf’"St m't'gat'o_n pro;e_cts for_ Impacts  to Permittee responsible for ensuring that
intertidal and subtidal marine habitats. Each of compensatory mitigation is completed and
these approaches include complex issues successful.

associated with biological science, public
perception, and the existing regulatory
environment.

e Mitigation Banks
Widely used for impacts to wetlands, but
not subtidal marine habitat types. Off-site
Given the ecological values of marine aquatic compensation for impacts conducted by a
habitats such as surfgrass and rocky reefs, public th'tr.‘g party, typically for prafit, private
resource management agencies generally stress T
avoidance of impacts where possible. Where * In-lieu Fee
avoidance is not possible, resource management Such programs use collected fees to
agencies typically employ four approaches as implement off-site compensation
compensatory mitigation for impacts to marine administered by state or I.ocal agencies with
biological resources (U.S. Army Corps of fees collected from permittees.
Engineers [USACE] 2008; Yates 2014):

(1) Restoration: Returning a degraded or former aquatic habitat to a pre-existing condition
or as close to that condition as possible.

(2) Enhancement: Increasing one or more of the functions performed by an existing aquatic
habitat beyond what currently or previously existed.

(3) Establishment: The creation of rocky intertidal or subtidal habitat in a location where the
habitat does not currently exist.

(4) Preservation: Protection of existing rocky intertidal or subtidal habitat from future
degradation.

Additionally, there are three mechanisms for providing compensatory mitigation: (1) permittee-
responsible compensatory mitigation; (2) mitigation banks; and (3) in-lieu fee mitigation.
Permittee-responsible mitigation is the most traditional form of compensation and continues to
represent the majority of compensation acreage provided each year (USACE 2008). As its name
implies, the permittee retains responsibility for ensuring that required compensation activities are
completed and successful, under the guidance of regulatory agencies (USACE 2008). A high-
profile example of permittee-responsible mitigation in marine subtidal environment is the North
Wheeler Reef, approximately 0.5 miles offshore of San Clemente, California, discussed in detail
below.

Mitigation banks and in-lieu fee mitigation both involve off-site compensation activities
generally conducted by a third party, a mitigation bank sponsor, or an in-lieu fee administrator.
When a permittee’s compensatory mitigation requirements are satisfied by a mitigation bank or
an in-lieu fee program, responsibility for ensuring that required compensation is completed and
successful shifts from the permittee to the mitigation bank or the in-lieu fee administrator.

Mitigation banks and in-lieu fee programs both conduct consolidated aquatic resource
restoration, enhancement, establishment, and preservation projects; however, under current
practice, there are several important differences. In-lieu fee programs rely on fees collected from
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permittees to initiate compensatory mitigation projects while mitigation banks usually rely on
private investment for initial financing. Mitigation banks must achieve certain milestones,
including site selection, plan approval, and financial assurances, before they can sell credits, and
generally sell a majority of their credits only after the physical development of compensation
sites has begun. In contrast, in-lieu fee programs generally initiate compensatory mitigation
projects only after collecting fees, and there has often been a substantial time lag between
permitted impacts and implementation of compensatory mitigation projects. Similar lag times
can also occur with permittee-responsible mitigation as compensatory mitigation projects are
generally initiated only after issuance of a permit for the proposed development. Further, in-lieu
fee programs have not generally been required to provide the same financial assurances as
mitigation banks. For all of these reasons, there is greater risk and uncertainty associated with in-
lieu fee programs regarding the implementation of the compensatory mitigation project and its
adequacy to compensate for lost functions and services (USACE 2008).

Habitat preservation has not historically been used as a means of compensatory mitigation in the
marine environment (Ugoretz 2005). Establishing or restoring/enhancing the physical and
chemical characteristics of aquatic habitat, including substrate quality and habitat complexity are
complex undertakings and can require years to achieve desired results (Johnson et al. 2008;
Yates 2014). Replicating and restoring the full ecological functions and values of aquatic habitat
is a complex process and there are no assurances of success (Johnson et al. 2008). Each of the
approaches to compensatory mitigation for impacts to marine habitats includes benefits and
tradeoffs and have varying level of success and agency or community support.

COMPARISION OF COMPENSATORY MITIGATION TYPES

Mitigation approaches within rocky intertidal and subtidal habitats include a variety of
management decisions and tradeoffs associated within marine biological resource protection and
recreation. Over the last decade, preservation has become a widely used management tool for
marine biological resource protection (e.g., Marine Protected Areas [MPAS]); however,
difficulties associated with consensus building and coordination across multiple jurisdictions
present challenges to this approach for mitigating impacts to marine biological resources.
Consequently, state agencies such as the California Department of Fish and Wildlife (CDFW)
generally do not support the development and implementation of MPAs as a primary
compensatory mitigation measure (Ugoretz 2005). While habitat restoration/enhancement and
establishment are more widely implemented to mitigate impacts to aquatic habitats, these
approaches also present challenges associated with public perception and effectiveness.
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Table 1: Comparison of Compensatory Mitigation Approaches

Mitigation Type Challenges

Habitat Establishment

Restoration/Enhancement

Preservation

Potential for local increase in
biomass and biological
diversity

Potential for recruitment of
special status or keystone
species

Potential commercial and
recreational benefits (e.g.,
fishing)

Potential opportunity for
education or academic study

Builds upon and enhances
existing habitat areas

Potential long-term
enhancement of existing
ecosystems

Potential to reduce edge effects
within an existing ecosystem

Potential to prevent or reduce
future impacts to a vulnerable
ecosystem

Potential to allow natural
recovery of a previously
impacted habitat area

Potential to manage for
multiple uses

Minimal direct cost

Effectiveness in mimicking a
natural ecosystem

Attraction of existing biomas
versus production of biomass at
the mitigation site

Public perception

Complex regulatory
environment

High initial cost and large
monitoring/maintenance efforts

May result in damages to
existing natural habitat or
function

Restoration methods may not
be developed or may be
difficult to implement

Transplant regimes may have
indirect impacts on existing
healthy ecosystems

Moderate cost for
monitoring/maintenance efforts

Difficult to build consensus
Coordination across complex
jurisdictions

Potential loss of commercial
and recreational fishing
opportunities

This report explores the approaches to compensatory mitigation described above in Table 1 and
provides examples of their implementation. Compensatory mitigation proposals or projects for
the San Onofre Nuclear Generating Station (SONGS), Exxon Santa Ynez Unit (SYU), and Diablo
Canyon Nuclear Power Plant provide examples of permitee-responsible or in-lieu compensatory
mitigation for impacts to rocky intertidal and subtidal habitats. Discussion regarding the
proposed Port of Los Angeles Umbrella Mitigation Agreement and the proposed Colorado
Lagoon Mitigation Bank provides the only readily available example of mitigation banking as a
means of implementing compensatory mitigation for impacts to subtidal habitats (e.g., eelgrass
and rocky intertidal). As the establishment of subtidal reef habitat as mitigation is a relatively
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new topic, this report also describes past artificial reef construction and restoration within the
Southern California Bight.

ARTIFICIAL REEF CREATION IN THE SOUTHERN
CALIFORNIA BIGHT

Rocky reefs are among the most important but least abundant habitats within the Southern
California Bight (Cross and Allen 1993). The CDFW administers the California Artificial Reef
Program (California Fish and Game Code Sections 6420-6425), which has a long history of
designing and constructing artificial reefs. Approximately 30 artificial reefs have been
constructed involving over 100 modules (i.e., structures or quarry rock piles) and a broad range
of designs and goals (National Oceanic and Atmospheric Administration [NOAA] 2005).

CDFW began constructing artificial reefs off of Southern California in the late 1950s (Bedford et
al. 2000). Early artificial reef building was aimed at determining materials best suited for
creating artificial reefs that that would attract and produce fish biomass, particularly for popular
sport fish species (Bedford et al. 2000). However, beginnings in the 1980s questions were raised
regarding the functions of artificial reefs relative to natural reefs (Bedford et al. 2000).
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Over 30 artificial reefs have been constructed within the Southern California Bight (left) since the 1960s with
materials ranging from quarry rock to car bodies. Early artificial reefs along the California Coast, such as the
San Luis Obispo County Artificial Reef (right) were constructed as a group of rock modules spaced closely
together at a depth ranging from 30 and 165 feet below mean low low water (MLLW).

Additional information on reef productivity and community structure has been generated in the
past two decades by construction of a series of “developmental” reefs specifically designed to
evaluate and compare how various design elements affect biological productivity and marine
community structure. Developmental reefs have been built at Pendleton, Pitas Point, Santa
Monica Bay, Marina Del Rey #2, Oceanside #2, Pacific Beach, Carlsbad, and Topanga. These
developmental reefs generally consist of a series of rock modules with different rock sizes, relief
profiles, and depths (NOAA 2005).
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Table 2: Artificial Reefs Established in California Prior to 1990

Artificial Reef Area Depth Materials N
(Construction Year) | (acres) | (MLLW)

Hermosa Beach?
(1960)

Malibu
(1961)

Santa Monica
(1961)

Redondo Beach
(1962)
Huntington Beach
Avrtificial Reef 1-4
1963
Oceanside
Artificial Reef 1°
1964
Torrey Pines
Artificial Reef 1%%3
1964
Mariana Del Rey
Artificial Reef 1*
1965

Torrey Pines
Artificial Reef 2*2
(1975)

Palawan
(2977)

Newport Beach'

0.5

0.5

0.5

1.6

3.67

N/A

3.2

0.6

60

60

60

72

60

82-100

67

65

44

120

72
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330 tons Quarry
Rock, 44 Concrete
Shelters, 14 Car
Bodies, and
1 Streetcar
333 tons Quarry
Rock, 44 Concrete
Shelters, 14 Car
Bodies, and
1 Streetcar
330 tons Quarry
Rock, 44 Concrete
Shelters, 4 Car
Bodies, and
1 Streetcar
1,000 tons Quarry
Rock
Each of the 4 Reefs
Consist of 1,000 tons
Quarry Rock

2,000 tons Quarry
Rock

1,000 tons Quarry
Rock

2,000 tons Quarry
Rock

3,000 tons Quarry
Rock and Concrete
Dock Floats

Sunken Ship

10,675 tons
Concrete Blocks,
Pilings, and Rubble

Some of the reef structure has since
disintegrated. Still attracts large
numbers of fishes, particularly in
late September and early October.

Some of the reef structure has since
disintegrated, but the reef still
provides good sculpin fishing,
particularly in March and April.

Some of the reef structure has since
disintegrated. Some sandbass in
fall. Occasional good sculpin
fishing in the spring.

Reef is quite complex and provides
habitat for many nearshore species.

N/A

Sportfishing has occasionally been
reported good for barred sandbass,
kelp bass, and sheephead.
Partially covered by sand and silt.
Only a few scattered rock piles
observed. Very low relief.

Occasional good sandbass angling.

This reef holds significant numbers
of blacksmith sheephead, and kelp
bass. Few barred sandbass have
been seen.

Few species of fish have been
observed in large numbers.
Occasional large halibut have been
noted on the sand.

Sizable barred sand bass numbers
have been surveyed at this reef.



Artificial Reef Area Depth Materials Notes
Construction Year acres MLLW

This is the pilot experimental reef
of the developmental reef series.
Very good sand bass fish in
Pendleton® %% *° 35 43 10,000 tons Quarry  September and October. Sculpins
(1980) ’ Rock are seasonally abundant and
various surfperches are common
year round. Lobster diving can be
exceptional.
Reef supports a healthy stand of
giant kelp which forms a surface
canopy. Feather boa kelp is also
Pitas Point"? 11 28 7,200 tons Quarry  present forming a lower story
(1984) ’ Rock canopy. Kelp bass, barred
sandbass, olive and brown
rockfishes and several species of
surfperches are common.

. . Nursery ground for rockfish. Large
S 83;50 Sl 13 42-52 22.’%&223 %?Jr;i)rlite numbers of adult blue rockfish .
Very lush algae growth.

Divers have observed good
concentrations of adult
brown, gopher, and blue rockfish,
and pile and striped
surfperch around the rock piles.
Mariana Del Rey Anglers have reported occasional
Artificial Reef 2° 6.9 65 10,000|;ons QeSS good catches of sandbass and
ock :
1985 sculpin.
140,00 tons Concrete

Rubble and Quarry ~ Exceptional sculpin fishing in
220 85-100 Rock as well as 8 March and April. Good white

Steel and Concrete  croaker catches reported.

Barges

Atascadero 3,500 tons Quarry
(1985) 05 e Rock

Bolsa Chica
(1986)

The focus of extensive research,
prior to the construction of the
Southern California Edison
mitigation kelp reef off San
Clemente, since the Mission Beach
Reef represents the first time kelp
has been sustained for more than a
Mission Beach” 173 80-90 3 Sunken Vessels and  couple of years on an artificial reef
(1987) Concrete Rubble in the U.S. Although the reef lost
most of its kelp during the winter
storms of the 1997-1998 El Nifio
event, kelp seemed to recover as
the 1998-1999 La Nifa progressed
and the hard substrate of the reef
has shown little change (Deysher et
al. 2002).
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Artificial Reef Area Depth Materials N
(Construction Year) | (acres) | (MLLW)

Oceanside

Avrtificial Reef 22 256 42-72
1987
Pacific Beach?
(1987) 109 42-72
Santa Monica Bay
(1987) 256 42-72
Topanga
(1987) 13 28
Carlsbad?
(1991) 6 33-67
International Beach 75 165

(1992)

10,000 tons Quarry
Rock

10,000 tons Quarry
Rock

20,000 tons Quarry
Rock

10,000 tons Quarry
Rock

10,000 tons Quarry
Rock

25,000 tons Quarry
Rock, Concrete, and
Steel Missile Tower
as well as 300 tons
Concrete Rubble

Good numbers of barred sandbass
have been observed on the reef.

Reef supports a wide variety of
kelp-rock habitat organisms.
Excellent lobster diving has been
reported. Also, good numbers of
kelp and sandbass have been seen.
Very successful fishing reef. March
and April good for sculpin.
Sandbass all year, particularly
early-late fall. Halibut on sand near
rockpiles early summer. Lobster
diving on shallow rockpiles can be
productive early in season, deeper
rockpiles in January and February.
Designed to promote kelp habitat
development. However, while giant
kelp was observed in 1989, 1990,
and 1993, it was not observed
during the last known CDFW
survey in 1995 (Bedford et al.
1996). Kelp bass and sandbass
commonly observed. Good lobster
diving early in season.

Carlsbad reef was built to
complement the opening of the
mouth of Batiquitos Lagoon and
this lagoon’s function as a nursery
grounds for some popular sport fish
species (e.g., California halibut;
sand bass). The stability of the fish
community at this reef has
persisted even after the abundant
giant kelp disappeared between
1994 and 1997 (Kashiwada 1998).
Deepest of the fish and game reefs.
This is an excellent fishing reef for
sandbass and surface fishes in the
summer months and rock fish in
the winter months

Known studies that support discussion in this table and provide additional information regarding specific artificial
reefs within the Southern California Bight include: *Ambrose and Swarbrick 1989; 2Deysher et al. 2002; *Johnson et
al. 1994; “Grove et al. 2002; *Grant et al. 1982; ®Carter et al. 1985.

Source: Bedford 2001.

EARLY COMPARISONS OF ARTIFICIAL REEFS WITH
NATURAL REEFS

Over 25 years ago Ambrose and Swarbrick (1989) examined a wide range of subtidal reefs in
order to evaluate the similarities between fish assemblages on artificial and natural reefs. During
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this study all age classes of fish on 10 artificial and 16 natural reefs were censused along benthic
and water-column transects, physical characteristics of the reefs were measured, and invertebrate
as well as algal assemblages were assessed. Two types of artificial reefs were sampled including
traditional artificial reefs, which were usually small, isolated, completely submerged, and with
low to moderate height, and breakwaters, which were larger, steeper, emergent (i.e., projected
above the surface of the water) and tall. Natural reefs ranged from small, high-relief reefs
composed of boulders and bedrock to extensive, low-relief reefs composed of cobbles. Ambrose
and Swarbrick (1989) found that the average size of artificial reefs was much smaller than
natural reefs. Artificial reefs had significantly more benthic fish individuals, a greater density of
benthic fishes, and a greater biomass density of benthic fishes; however, the diversity of benthic
species (i.e., the variety or relative number of species) was similar for both artificial and natural
reefs. Additionally, species richness, diversity, density and biomass density of fish in the water
column were similar on artificial and natural reefs. In general, the same species were found on
both reef types, although the relative abundances of some of the common species differed.
However, artificial reefs were so much smaller than most natural reefs that, in spite of their
greater densities of fish, the total abundance of fish was generally much higher on natural reefs.
Estimated standing stocks on artificial reefs varied from 0.12 to 2.77 metric tons (MT). On
natural reefs, estimated standing stocks varied from 2.08 to 276.05 MT, with a mean of
45.32 MT. Ambrose and Swarbrick (1989) asserted that these results have important implications
for the use of artificial reefs in mitigation. Even under the assumption that all fish on an artificial
reef are produced by the reef rather than attracted to it, the size of artificial reef needed to
compensate for environmental impacts to natural reefs may be substantial.

Additionally, CDFW found that none of the early artificial reefs developed resilient or persistent
kelp forest communities (Grove et al. 2002). The Mission Beach Artificial Reef, installed by CDFW
in 1987, was the first artificial reef in the U.S. to mimic a natural kelp community for more than a
few years (Grove et al. 2002).

Mission Beach Artificial Reef

This artificial reef was constructed in 1987 and consists of a low profile (one to five feet off the
seafloor) field of concrete rubble. Approximately 1,800 tons of concrete slabs were placed on a
sloping sand bottom at a depth of 80 to 90 feet. The Mission Beach Artificial Reef, approximately
four arces in area, lies midway between the Point Loma and La Jolla kelp forests, with the nearest
natural hard substrate (and kelp population) located approximately two miles to the south at Point
Loma (Grove et al. 2002).

The initial qualitative survey of the Mission Beach
Artificial Reef in November 1994 showed that a
dense population of giant kelp (Macrocystis pyrifera)
had developed with fronds reaching the surface.
During the first quantitative survey in 1995, a diverse
and abundant algal population was also observed with
adult kelp densities similar to those observed in
natural kelp beds (Grove et al. 2002).

In contrast to the high-relief Pendleton Artificial
Reef, discussed below, the low-relief Mission Beach
Artificial Reef, the only artificial reef constructed prior to 1990 to persistently support giant kelp,
appears to respond to the El Nifio/La Nifia events similarly to natural kelp beds. Prior to 1997, there

Lessons Learned

< EIl Nifio events generally decrease kelp
recruitment and increase mortality.

e Low-relief rock reef with a moderate
level of sand cover would be the most
likely candidate for a successful kelp
reef.
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had been speculation that a major El Nifio event would eliminate kelp from this reef and that the
concrete substrate might become buried in the sand bottom. Although the reef lost most of its kelp
during the winter storms of the 1997-1998 EI Nifio event, kelp seemed to recover as the 1998-1999
La Nifia progressed and the hard substrate of the reef has shown little change (Deysher et al. 2002).

Observations on both artificial and natural reefs indicate that a low-relief reef is the most favorable
configuration to support kelp populations (Deysher et al. 2002). The most persistent beds appear to
occur on solid rock substrate with moderately low relief and moderate coverage by sand. Very low
reefs, with an abundance of sand, have less persistent kelp and high-relief reefs built in Southern
California are dominated by sea fans, which exclude kelp. These conclusions are supported by
observations of Patton et al. (1994) that adult plants were more common on hard substrates lying less
than three feet above the surrounding sand than on higher relief substrate (Deysher et al. 2002).

ARTIFICIAL REEF CREATION AS MITIGATION

As described above, following the pulse of artificial reef creation during the 1960s and 1970s, in
the early to mid-1980s CDFW focused its attention on determining if artificial reefs could
function in a similar way to natural reefs. Debates regarding the attraction versus the production
of biomass on artificial reefs, discussed below, still remain (Pickering and Whitmarsh 1997;
Osenberg et al. 2002); however, the construction and multi-year study of Pendleton Artificial
Reef, off northern San Diego County demonstrated that, in time, a well-constructed artificial reef
can develop the same community structure as similarly configured natural reefs (Bedford et al.
2000). Consequently, artificial reefs have been constructed within the Southern California Bight
to mitigate the loss of natural reefs resulting from development or habitat degradation
(Ambrose 1994). Key examples of artificial reefs constructed as mitigation include the Pendleton
Artificial Reef and the North Wheeler Artificial Reef in Southern California as well as the Elliot
Bay Artificial Reef in Puget Sound, Washington. Additionally, artificial reefs are also being
considered at Solana Beach and San Clemente in Southern California. These artificial reefs are
all discussed in detail below.

Pendleton Artificial Reef
The Pendleton Artificial Reef P

was designed by CDFW and vty

Southern  California  Edison A .

(SCE) to determine the potential A

of artificial reefs for mitigating \ VA

possible losses of kelp-reef / RO i i it D
habitat caused by operation of San Clemarae e / 9@*"/

coastal power plants (Grant et al. San Mateo Kelp Bed / i,

1982; Carter et al. 1985). The N

reef was constructed of 10,000 S OASEKER Bes ‘

tons of quarry rock. Criteria used RGBS P

to determine the location for reef “%o

construction, included  water 3,

depth, which was chosen as Océ, AR
being adequate for  kelp %

(Macrocystis) growth and kelp
recruitment in that section of
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coast. The Pendleton Artificial Reef is approximately 3.5 acres in size and is located at a depth of
approximately 43 feet below mean low low water (MLLW) with a relief of approximately 13

feet.

At the time of its construction, aside from the
Mission Beach Atrtifical Reef, attaining a stable kelp
bed on an artificial reef had not yet been
accomplished. Kelp had preiovusly been recruited
naturally to an artificial reef constructed by the
CDFW off Hermosa Beach in Los Angeles County;
however, the kelp bed was lost, probably due to poor
water quality in the area and excessive depth. Kelp
had also been previously recruited to Torrey Pines
artificial reef in 40 feet of water near La Jolla in San

/Lessons Learned

< Initial planning should consider physical
and biological environment such as
upwelling frequency and nutrient
availability.

e Timing of reef installation is important.

e Post reef placement management

techniques such as predator exclusion

should be considered.

Diego County. This kelp bed was also lost due to sea
urchin grazing, but has since begun to return after
removal of the sea urchins (Grant et al. 1982).

The Pendleton Artificial Reef was built as a prototype for a kelp mitigation reef. Hundreds of
adult and juvenile kelp plants were transplanted to this reef soon after its construction; however,
they were all lost to intense fish grazing (Grant et al. 1982). Natural recruitment was reported in
the late 1980s, when kelp populations became established at many locations along the Southern
California coast. The cause of this recruitment event appears to be a severe storm event that
caused a great deal of disturbance and opened substrate for new settlement. The storm was
followed by a period of La Nifia conditions providing colder, nutrient-rich water that stimulated
kelp growth and survival. This period of kelp recruitment, however, did not sustain a long-lived
kelp population on the Pendleton Reef (Grove et al. 2002).

A long-term study of the successional development of the turf community (i.e., sessile
invertebrates and understory algae) on the reef began one year after construction, from fall 1981
through fall 1986. To determine if the Pendleton Artificial Reef was developing a turf
community characteristic of more mature reefs, the study was expanded in fall 1984 to include
sampling of two reference reefs — Torrey Pines Artificial Reef and Las Pulgas (Natural) Reef.
During the five-year study, the turf community on the Pendleton Artifical Reef became
progressively more complex; it evolved from a few pioneer taxa into a diverse community
(Palmer-Zwahlen and Aseltine 1994). Additionally, comparisons between the reefs revealed that
the assemblage of taxa on the Pendleton Artificial Reef in fall 1986 was similar to those on the
Torrey Pines Artificial Reef and Las Pulgas (Natural) Reef (Aseltine-Neilson et al. 1999).

Lessons learned from the construction of the Pendleton Artificial Reef include that initial
planning should consider the physical and chemical environment, including depth, relief,
substrate type nutrient availability, as well as the biological environment, including surrounding
community structure that could influence dispersal and/or attraction of desirable or undesirable
organisms. Factors that affect the quality of the subhabitats such as type and durability of
construction material, structure complexity, and roughness of the substratum are also key to the
success of an artificial reef. Additionally, after an artificial reef has been constructed, factors that
can influence community development include timing of reef installation (e.g., availability of
spores and larvae to colonize the reef) and possible post reef placement management techniques
(e.g., transplantation or removal of select species to alter natural succession) (Carter et al. 1985).

Mitigation for Subtidal and Intertidal Habitat Impacts 12
May 2014



Wheeler North Artificial Reef (San Onofre Nuclear Generating Station Mitigation)

In 1974, the CCC issued a permit to SCE for
Units 2 and 3 of SONGS. A condition of the
permit required study of the impacts of the
operation of Units 2 and 3 on the marine
environment offshore from San Onofre, and
mitigation of any adverse impacts with a
particular emphasis on offshore kelp beds.
The SONGS coastal development permit
required that a mitigation reef be constructed
of rock, concrete, or a combination of these
materials at a coverage that is suitable for
sustaining giant kelp and associated kelp
forest biota similar in abundance and
diversity to nearby reference reefs, as
determined by results from an experimental
artificial reef. The permit conditions required
that the total area of the mitigation reef be no
less than 150 acres, two-thirds of which
would be covered by exposed hard substrate
(Reed et al. 2013).

The purpose of the artificial Wheeler North
Reef was to create a fully functioning kelp
forest community with a minimum of 150
acres of medium- to high-density giant kelp
(Macrocystis pyrifera) and associated biota
(i.e., algae, invertebrates, and fish) to
contribute as compensation for the loss of
179 acres of high-density kelp bed
community. The kelp mitigation project
area is located approximately 0.5 miles
offshore of San Clemente, California, in
water depths of approximately 35 to 50
feet. The mitigation reef consists of low-
relief substrate grouped in modules and
large polygon areas along approximately
2.5 miles of coastline. Wheeler North is the
largest human-made reef constructed in the
U.S., covering approximately 176 acres.

San Clemente
Pier

San Mateo
Rocks

O Artificial Reef Polygons

® Experimental Reef Modules
0-30% hard substrate

W 30-100% hard substrate

® Areas of Special Interest (fisheries)

Scale!m?

0 500 1000 1500

Wheeler North is a low-relief artificial reef that supports
176 acres of kelp forest mitigating images from the
operations of SONGS.

The profile of Wheeler North consists of a single rock layer rising no more than approximately
1.5 feet off the existing sand seafloor. This rock configuration was used because previous studies
had determined that kelp in the area is most persistent on very low profile natural outcroppings

(Elwany et al. 2011).

Evaluation of the Wheeler North Reef is based on its performance with respect to four primary

criteria, including:
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(1) At least 90 percent of the exposed hard substrate must remain available for attachment by
reef biota;

(2) The artificial reef(s) shall sustain 150 acres of medium- to high-density giant kelp;
(3) The standing stock of fish at the mitigation reef shall be at least 28 tons; and

(4) The important functions of the reef shall not be impaired by undesirable or invasive
benthic species (e.g., sea urchins or cryptochnidium).

Lessons Learned

Monitoring is completed annually to determine
whether the Wheeler North Reef has met these
standards (Reed et al. 2013). In 2012 the Wheeler
North Reef met three of the four performance
criteria. However, it failed to meet requirements to
support a fish standing stock of at least 28 tons. To
date the Wheeler North Reef has produced at most
half of this amount, and there is no indication from
the monitoring results that the artificial reef is on a
trajectory to meet the fish standing stock standard
any time soon. Results of analyses using longer-
term data collected from the reference reefs and the smaller modules constructed during the
initial experimental phase indicate that the present size and configuration of the Wheeler North
Reef is not sufficient to consistently support 28 tons of kelp bed fish (Reed et al. 2013).

e This artificial reef supports previous
studies that found low-relief reefs
support kelp better than high-relief reefs.

e Monitoring has supported that fish
biomass on artificial reefs is limited
when compared to natural reefs.

During the 2012 annual monitoring, 174 of Wheeler North Reef’s 176 acres (i.e., 99 percent)
were estimated to support medium to high densities of adult giant kelp since 2010. This indicates
the Wheeler North Reef currently is meeting the objective of compensating for the loss of giant
kelp caused by SONGS operations (Reed et al. 2013).

Elliot Bay Washington

The Elliot Bay Artificial Reef was
constructed on a featureless sand bottom in
the Puget Sound, Washington as mitigation
for the direct loss of rocky-type subtidal
habitat from a shoreline development (fill)
project in Elliot Bay. National Reef
Indicator (NRI) species were used to help
select a site for the mitigation reef. A total
of 200,000 tons of quarry rock was used to
construct fourteen 20 foot tall reef structures |DEVELOPMENT SITE Ay}
in a seven acre area during May 1987. The

50-foot spacing between reef structures at
the mitigation site provided natural open
benthic foraging areas between structures.
This spacing also maintained continuity of
the reef fish community and the trophic
level relationships normally occurring for
fishes feeding from between the reef
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structures and surrounding natural habitats
(Hueckel et al. 1989). The open sand bottom at the
mitigation reef site supports a diverse assemblage
of infaunal organisms many of which have been
shown to be important prey items for some reef
fishes. During the reef's first eight months of
submergence, the mitigation reef met the objective
of developing a similar assemblage of economically
important fish species as the development site, prior
to its filling. Fish species diversity and densities on
the mitigation reef have surpassed that observed on
a rocky bottom adjacent to the development site (Hueckel et al. 1989). The mitigation reef is
undergoing similar successional development as other productive artificial reefs in Puget Sound
(Hueckel et al. 1989). The number of economically important fish species which colonized the
mitigation reef is similar to those which colonized the three Puget Sound artificial reefs
constructed at sites with similar numbers of NRI species as the mitigation reef site. Some
displacement of resident fish appeared to have occurred as evidenced by the greater diversity and
density of flounder observed on the adjacent sand bottom compared to those observed on the
sand bottom between the mitigation reef structures (Hueckel et al. 1989).

Whittier Artificial Reef

The coastal habitats adjacent to Whittier, Alaska are increasingly stressed by recreational,
industrial and fishery impacts. The area is a recreational destination for Anchorage residents and
seasonal tourists, and a port for the Marine Highway Ferry System, cargo vessels, cruise ships,
and commercial fishing vessels. As economic growth and development continues in Whittier,
marine coastal habitat is increasingly altered by a variety of development activities such as
harbor development, dredge and fill operations, sheet-pile dock structures, and log transfer
facilities. These development activities alter the function of pristine marine coastal habitats
principally by the removal, alteration, or elimination of existing living habitat structure including
rocky reefs and aquatic vegetation.

(.

essons Learned

e Open sand bottom surrounding a reef
site can support infaunal organism,
which have been shown to be important
prey items.

e Some displacement of sand bottom fish
species can occur with reef development.

The artificial reef at Smitty’s Cove used pyramid shaped fish havens (left) and reef
balls (right). Monitoring has demonstrated that the artificial reef structures have a
marine community make up that is similar to nearby natural reefs (e.g., Bush Banks
Pinnacle).

In May 2006, Alaska’s first pre-planned artificial reef was installed in Smitty's Cove in
northwestern Prince William Sound. The reef is a pilot research project funded by NOAA
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Fisheries Alaska Regional Office, NOAA Fisheriessteation Center, the U.S. Fish and
Wildlife Service (USFWS) Alaska Coastal Program dhd Alaska Marine Lines mitigation
fund.

The artificial reef installation at Smitty’s Covercsists of two parallel rows, each containing
three, circular reef plots, 30 feet in diametensisting either of three-foot high pyramid-shaped
fish havens or of three feet high spherical RedfsBahe two rows are situated on a declining
slope 40 to 65 feet in depth over a mixed soft laadl sediment substrate. At the beginning of
the second year of a five year study, the artificeeef was developing the beginnings of an
Alaskan nearshore community, including colonizatipnalgae and kelp, invertebrates such as
starfish, snails, tunicates, hermit crab, and shyias well as dusky, copper, and quillback
rockfish, juvenile lingcod, and sculpin. The resutif monitoring demonstrate distinct fish
communities between the low relief natural hardtdt site and the high relief natural and
artificial reef sites. The data indicate a habjte¢ference by rockfish for sites with high relief,
especially sites with high relief structure coladzby kelp. Overall, the data suggest similarities
between artificial reef and natural reef commusitycture (Reynolds 2007).

NOAA Fisheries intends to monitor the artificialefesite for another three years to see if the
expected ecosystem complexity develops, or if naéinm of the ecosystem at the artificial reef
is influenced by structural differences in the tyé reefs used (NOAA 2013).

Solana Beach California (Encinitas-Solana Beach €falk Storm Damage and Reduction
Project Mitigation)

Similar to the nourishment project
Broad Beach the purpose of th
Encinitas-Solana Beach Coastal Sto
Damage Reduction Project is t
effectively reduce risks to public safet
and economic damages associated

along the shorelines of the cities
Encinitas and Solana Beach (USAC
2012). The tentatively recommend

includes the creation of a 100 foot wi
beach for the City of Encinitas with
renourishment cycles every 5 years apd
the creation of a 200 foot wide beadh
for the City of Solana Beach with
renourishment cycles every 13 vyeals
(USACE 2012). This would result in af
initial placement of 680,000 cy of sanfl
at Encinitas within Swami’'s Statg
Marine Conservation Area (SMCA) an
960,000 cy at Solana Beach, just sogth

—

of the MPA (USACE 2012). San
would be dredged from offshor
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