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Objectives:

We propose to quantify key attributes of species populations, communities and environmental variables that
constitute representative kelp forest ecosystems within and outside of many of the MPAs in the CCSR. The
proposed sampling design and estimated response variables are intended to provide a baseline for future
assessment of the effectiveness of the CCSR MPAs in fulfilling their objectives as articulated in the MLPA
Master Plan. Monitoring and evaluation can be designed to estimate ecological responses at three key
spatial scales; individual MPAs, among subsets of MPAs, and across the entire network. Evaluation at each
of these spatial scales is fundamental to any adaptive management of the MPAs. We propose a spatial
sampling design that attempts to balance sampling effort at all three spatial scales and includes
comparisons inside and outside MPAs, and among MPAs, at each of these spatial scales. Three key criteria
of “Baseline Indicators” are defined by the MLPA and articulated in the Master Plan. Response variables
identified to be monitored in our Methods section meet criteria 1 and 2 and are readily quantified using
well-established diver-based sampling designs (thereby fulfilling criterion 3). Proposed response variables
are directly related to those recommended for assessment and necessary to answer the overarching
questions posed in Table 6 for MLPA goals 1 and 2. Diver surveys will provide data for all focal species
identified in Table 10 of the Baseline Monitoring Plan.



Methodology:

Our sampling approach (survey design and sampling protocols) is modeled largely after the large scale,
long-term kelp forest monitoring program developed over the initial eight years of PISCO and incorporated
into the CRANE program. All of the data used to estimate biological variables are collected visually by two
teams of scuba divers that survey over a period of four months (mid-June to mid-October). Our proposed
sampling design is characterized as a stratified random permanent sampling design. Three criteria are used
in the selection of potential reference sites; (1) they are of as comparable habitat as possible to sites
sampled within MPAs, including reef geomorphology (substratum type and relief and reef slope) and
oceanic conditions (exposure to swell, upwelling conditions), (2) they are as close as possible to nearby
MPAs, but outside of a 0.5 km buffer zone to reduce the effects of regulatory treatments (inside versus
outside MPAs) on one another, (3) the fundamental sampling unit (“cells”) are distributed randomly among
possible sample cells met by criteria 1 and 2. We will use existing CDFG aerial digital images of historic
kelp canopy cover to identify the distribution of kelp forests within each of the MPAs and corresponding
reference areas that we propose to sample. Within each of these areas, four sampling cells will be selected
randomly. Fish densities and size frequencies are estimated from a total of twelve 30 m-long transects
stratified across four depth strata (20 m, 15 m, 10 m, and 5 m) within the forest. Three 30 m-long transects
for sampling invertebrates and macroalgae are similarly distributed across each of three depth strata (20 m,
12.5 m, 5 m) within the forest. Species and environmental variables that we have identified to sample are
based on lists identified in the Baseline Monitoring rfp and additional species and environmental variables
we and the scientific literature have identified as indicators of ecosystem structure. These include
population density and cover, fish and invertebrate size frequency distributions, substratum composition,
physical relief and water temperature. Aspects of analysis, data management and coordinated
collaborations with other monitoring programs will be based on past and ongoing efforts by PISCO.

Rationale:

Over the past decade, global and regional efforts to employ MPAs as tools for both marine conservation and
fisheries conservation have escalated rapidly. Now, more than ever in the history of California’s
management of marine resources, agencies are being held accountable for policy decisions and are
compelled to provide both clear statements of MPA objectives and the means by which effectiveness will be
measured. The MLPA requires assessment of MPA effectiveness every three years for the continued
implementation of an MPA. This accountability stems from two concerns. First is the limited financial and
human resources available to develop and implement management strategies. Second is the perceived,
potential, or realized impacts that regulations have on stakeholders, who for this reason demand
accountability for regulatory policies. The sooner the benefit (or cost) of a management approach is
evaluated and recognized, the more quickly that approach can be targeted (or steered clear of) for allocation
of resources. The design of realistic and achievable conservation targets, and the measurement of their
effectiveness, will be crucial to the successful establishment of new MPA sites and to their long-term
success through adaptive management.

Accomplishments:

Cost effective collection, management and analysis of monitoring data generated by the diversity of
monitoring programs involved in the Baseline Monitoring Program requires integration of monitoring
designs and close collaboration among investigators. Our integration with other monitoring programs
includes ongoing collaboration with other programs sampling kelp forest ecosystems (e.g., PISCO-UCSB,
Reef Check, INMER, Monterey Bay National Marine Sanctuary, Collaborative Fisheries Monitoring, CDF&G
biologists, and ROV work), as well as monitoring of separate but related deep rocky reef ecosystems (Starr
and Yoklavich). The existing large-scale, long-term kelp forest monitoring program conducted by PISCO
along the central coast of California (http://www.piscoweb.org/research/community/subtidal) reflects the
development of an infrastructure (expertise and facilities) that is necessary to conduct the proposed
assessment. Survey results generated by this project will be directly comparable to several years of
existing surveys at many of the MPAs and reference areas in the CCSR.
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Objectives:

We propose to quantify key attributes of species populations, communities and environmental variables that
constitute representative kelp forest ecosystems within and outside of many of the MPAs in the CCSR. The
proposed sampling design and estimated response variables are intended to provide a baseline for future
assessment of the effectiveness of the CCSR MPAs in fulfilling their objectives as articulated in the MLPA
Master Plan. Monitoring and evaluation can be designed to estimate ecological responses at three key
spatial scales; individual MPAs, among subsets of MPAs, and across the entire network. Evaluation at each
of these spatial scales is fundamental to any adaptive management of the MPAs. We propose a spatial
sampling design that attempts to balance sampling effort at all three spatial scales and includes
comparisons inside and outside MPAs, and among MPAs, at each of these spatial scales. Three key criteria
of “Baseline Indicators” are defined by the MLPA and articulated in the Master Plan. Response variables
identified to be monitored in our Methods section meet criteria 1 and 2 and are readily quantified using
well-established diver-based sampling designs (thereby fulfilling criterion 3). Proposed response variables
are directly related to those recommended for assessment and necessary to answer the overarching
questions posed in Table 6 for MLPA goals 1 and 2. Diver surveys will provide data for all focal species
identified in Table 10 of the Baseline Monitoring Plan.
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Methodology:

Our sampling approach (survey design and sampling protocols) is modeled largely after the large scale,
long-term kelp forest monitoring program developed over the initial eight years of PISCO and incorporated
into the CRANE program. All of the data used to estimate biological variables are collected visually by two
teams of scuba divers that survey over a period of four months (mid-June to mid-October). Our proposed
sampling design is characterized as a stratified random permanent sampling design. Three criteria are used
in the selection of potential reference sites; (1) they are of as comparable habitat as possible to sites
sampled within MPAs, including reef geomorphology (substratum type and relief and reef slope) and
oceanic conditions (exposure to swell, upwelling conditions), (2) they are as close as possible to nearby
MPAs, but outside of a 0.5 km buffer zone to reduce the effects of regulatory treatments (inside versus
outside MPAs) on one another, (3) the fundamental sampling unit (“cells”) are distributed randomly among
possible sample cells met by criteria 1 and 2. We will use existing CDFG aerial digital images of historic
kelp canopy cover to identify the distribution of kelp forests within each of the MPAs and corresponding
reference areas that we propose to sample. Within each of these areas, four sampling cells will be selected
randomly. Fish densities and size frequencies are estimated from a total of twelve 30 m-long transects
stratified across four depth strata (20 m, 15 m, 10 m, and 5 m) within the forest. Three 30 m-long transects
for sampling invertebrates and macroalgae are similarly distributed across each of three depth strata (20 m,
12.5 m, 5 m) within the forest. Species and environmental variables that we have identified to sample are
based on lists identified in the Baseline Monitoring rfp and additional species and environmental variables
we and the scientific literature have identified as indicators of ecosystem structure. These include
population density and cover, fish and invertebrate size frequency distributions, substratum composition,
physical relief and water temperature. Aspects of analysis, data management and coordinated
collaborations with other monitoring programs will be based on past and ongoing efforts by PISCO.

Rationale:

Over the past decade, global and regional efforts to employ MPAs as tools for both marine conservation and
fisheries conservation have escalated rapidly. Now, more than ever in the history of California’s
management of marine resources, agencies are being held accountable for policy decisions and are
compelled to provide both clear statements of MPA objectives and the means by which effectiveness will be
measured. The MLPA requires assessment of MPA effectiveness every three years for the continued
implementation of an MPA. This accountability stems from two concerns. First is the limited financial and
human resources available to develop and implement management strategies. Second is the perceived,
potential, or realized impacts that regulations have on stakeholders, who for this reason demand
accountability for regulatory policies. The sooner the benefit (or cost) of a management approach is
evaluated and recognized, the more quickly that approach can be targeted (or steered clear of) for allocation
of resources. The design of realistic and achievable conservation targets, and the measurement of their
effectiveness, will be crucial to the successful establishment of new MPA sites and to their long-term
success through adaptive management.

Accomplishments:

Cost effective collection, management and analysis of monitoring data generated by the diversity of
monitoring programs involved in the Baseline Monitoring Program requires integration of monitoring
designs and close collaboration among investigators. Our integration with other monitoring programs
includes ongoing collaboration with other programs sampling kelp forest ecosystems (e.g., PISCO-UCSB,
Reef Check, INMER, Monterey Bay National Marine Sanctuary, Collaborative Fisheries Monitoring, CDF&G
biologists, and ROV work), as well as monitoring of separate but related deep rocky reef ecosystems (Starr
and Yoklavich). The existing large-scale, long-term kelp forest monitoring program conducted by PISCO
along the central coast of California (http://www.piscoweb.org/research/community/subtidal) reflects the
development of an infrastructure (expertise and facilities) that is necessary to conduct the proposed
assessment. Survey results generated by this project will be directly comparable to several years of
existing surveys at many of the MPAs and reference areas in the CCSR.
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‘Objectives:

The primary objectives of our project, including associated performance indicators, are to:

-Develop baseline information to evaluate changes in species composition, size compaosition, relative
:abundance of fishes and macroinvertebrates associated with demersal habitats (including high relief rock
substrata and low relief sediments), and trophic structure inside and outside MPAs (MLPA goals 1 and 2).
~ldentify long-term frends in species composition, size composition, biomass, and relative abundance of
fishes and macroinvertebrates in proposed or existing MPAs where data have been previously collected,
(e.g., Big Creek Reserve, Soquel Canyon, Point Sur, and Portuguese Ledge) (MLPA goals 1 and 2).
~Collect information on abundance, size of harvested species, and potential reproductive output for
development of stock assessments (MLPA goal 2).

-Provide detailed characterization on both biological and physical components of deep-water habitats, and
validate (groundtruth) interpretations of habitat types made from previous seafloor mapping surveys.
Groundtruthing of mapping efforts and defining species-habitat associations in deepwater are critical to
meaningful comparisons of biological communities inside and outside MPAs - this cannot be accomplished
by remote mapping alone (provides information useful for MLPA regional goal 4).

-ldentify biological hot spots in MPAs, including areas containing deep-water coral communities and other
sensitive structure-forming invertebrates to inform ecosystem based management plans (provides
information useful for MLPA regional goal 4).

~-Collect baseline information



‘Methodology:

‘The clear expectation associated with the MPA Monitoring Plan is that MPAs in California will be monitored -
to evaluate both temporal and spatial changes, and will be evaluated in such a way that allows inferences
‘to be made with respect to causality of observed changes. This is an important directive, because to
-answer questions about causes of changes in species composition, species diversity, and recruitment, it is
‘necessary to design a monitoring program that enables a comparison among MPAs and reference sites
-outside MPAs, provides inferences about the entire MPA (not just at fixed stations), and also is sufficiently
‘robust to detect differences with time (i.e., is able to differentiate between spatial and temporal effects).
‘Based on this stated need to evaluate both spatial and temporal changes, we have designed a baseline
survey that will enable our results to be used in future monitoring efforts to detect statistically significant
.changes, both within an MPA over time and among MPAs and reference areas outside MPAs.

. Inorder to collect information that can be used in the future to evaluate entire MPAs, we will randomly
:sample the deep rock habitats in the newly proposed MPAs and at nearby reference sites (Table 2, Figs.
-1-5). We will use the methodology developed in our past surveys. We will first use all available side-scan
‘sonar, multi-beam, and habitat maps to identify rock habitats in three depth ranges: 30-100 m, 100-200 m,
‘and 200-300 m. We will then divide the rock habitats into 500 m by 500 m grids, which will define our
‘sampling universe (Fig. 3).

We will randomly select grid cells to locate submersible dives. A random sampiling of grid cells is
necessary to infer across all rock habitats inside MPAs and nearby reference sites. There are differences of
‘opinions among scientists about the use of these same selected grid cells in future sampling efforts.

Once the data are collected, analyzed, and compared with data we have collected from some of these
-areas in the past, we will have more information with which to evaluate the question about continued
irandomlza’uon of samp]mq Iocatuons

'atlonaie

A random samphng of gnd celfs is necessary to mfer across all rock habltats inside MPAS and nearby
reference sites. There are differences of opinions among scientists about the use of these same selected
grid cells in future sampling efforts. One argument is that because the grid cells are randomly chosen the
first year, they can be used again to determine both temporal and spatial changes in the future. An
assumption inherent in this position is that, if spatial changes occur from patchy recruitment events or
animal movement, the randomly selected grid cells all have an equal chance of detecting this movement.
The other argument is that grid cells randomly chosen in the first year do not have an equal chance of
detecting spatial changes in abundance if the changes are not random, that is if there is an interaction
between a temporal change and a spatial change in abundance (e.g., habitat specific recruitment or depth
dependent movement). Our opinion, based on discussions with several statisticians from the fields of both
fisheries science and ecology and from the published literature (e.g., van der Meer 1997, Urquat and
Kincaid 1999), is that sampling locations in the future will need to be randomized again to avoid a potential
tlme space interaction.

: Accompllshments

Our proposed surveys are de5|gned to collect quant:tatlve mformatson about the dlstrlbutlon and abundance
of species in deep-water rocky communities, and will provide comprehensive data with which to evaluate
?temporal changes inside MPAs and differences between MPAs and reference areas. In this respect, the
information and protocols we develop will provide the basis for adaptive management decisions that can be
‘made about the new MPAs. Our surveys also will complement baseline surveys conducted in shallow
waters and will contribute information helpful to fishery managers about the relative abundance of fished
species in central California waters. Moreover, because the populations of most rockfish species have not
been assessed, and could very likely be in decline (e.g., the population of bronzespotted rockfish, a
refatively rare but economically valuable species, has never been assessed but now appears to be severely
depleted following recent evaluation of historic catch records [A. MacCall, NMFS, Santa Cruz, CA, Pers.
Comm.]), the information collected in our surveys will be eritical to the efforts to develop management plans
for these species, as required by the Marine Life Management Act (MLMA).
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Objectives:

We are proposing to monitor Central California MPAs by conducting collaborative research activities with
scientists at academic institutions and the commercial and recreational fishing industries of Port San Luis,
Morro Bay, Monterey, Moss Landing, and Half Moon Bay, California. We are further proposing to engage
the general public in the project by using “citizen scientists” (e.g., recreational fisherman, members of the
conservation community, etc.) to help monitor the MPAs and reference sites. The primary objectives of
our proposed project are to collect baseline information and develop protocols for a collaborative
monitoring program, from which to evaluate long-term changes in fish communities of nearshore rocky
habitats associated with MPAs off central California. Our project will provide the biological information
necessary to evaluate effectiveness of regional MLPA Goal 1 (protect the natural diversity and abundance
of marine life, and the structure, function, and integrity of marine ecosystems), Goal 2 (help sustain,
conserve, and protect marine life populations, including those of economic value, and rebuild those that
are depleted), and will provide information with which to address Goal 6 (ensure that the central coast’s
MPAs are designed and managed, to the extent possible, as a component of a statewide network). It is
our belief (and experience) that engaging the fishing community and broader public in the process of
implementation of the MLPA is critical to the success of this landmark conservation effort.



Methodology:

We will collect information on species composition, size composition (length and weight), sex (when
possible), and CPUE. Four nearshore MPA sites and four corresponding reference sites will be selected for
monitoring, for a total of eight sites. The 4 MPAs (Afio Nuevo State Marine Reserve (SMR), Point Lobos
SMR, Piedras Blancas SMR and Point Buchon SMR) we will be monitoring were specifically chosen for
several reasons: 1) the nearshore rocky habitat within the selected MPAs is extensive and representative of
the rocky habitat in the entire central coast region, so we will be able to extrapolate our results to other
areas; 2) three of the four sites are popular fishing areas for both recreational and commercial fisherman
(Pt. Lobos has been closed since 1973); 3) including Pt. Lobos will allow us to determine how an MPA that
has been in place for several years will “behave” relative to reference sites and newly established MPAs;
and, 4) the sites are located relatively close to ports and as such are readily sampled in a single day. Our
approach is to identify nearshore rock habitats and stratify these areas with 200m by 200 m grids. We will
then present these maps to fishermen and ask them to rate each grid based on their knowledge of its
fishing productivity. To detect change over time, we will use fixed stations. We will establish fixed stations
based on conversations with fishermen about historically fished areas. In this way we are incorporating
fisher experience and knowledge into our sampling protocol. This combination of fixed station sampling and
random sampling will provide the greatest opportunity to detect both spatial and temporal changes within
and near MPAs. Once at sea, the fishermen will fish anywhere within the cells they deem appropriate using
standardize fishing methods (traps, sticks, hook and line gear; ca. 640 citizen scientists will be use per
year). All captured species will be measured, tagged with external T-bar anchor tags, and released at
location of capture. Our previous data suggests that given the variability between sampling events, we
need to sample at least 8 days within a given MPA or reference site. Our schedule will thus include 2 days
of sampling for each of three gear types during the months of July to October.

Rationale:

The rationale for the proposed study is to use a collaborative fisheries approach and citizen scientists to
help monitor California's marine protected areas established as part of the Marine Life Protection Act.
The process for design of California’s MPAs incorporated stakeholder knowledge and input through the
active design of the network of reserves by regional stakeholder groups. It is critical for the successful
implementation of the MLPA that fishermen and other stakeholders take an active role and ownership in
the monitoring process as well. Moreover, collaborative approaches to fishery management are gaining
support in recent years and our methodology allows us to also collect meaningful data for use in fisheries
management as well. Collaborative research has been identified in many policy documents as a desirable
way to bridge the gap in credibility of data provided by researchers and fisherman. The policy benefits
include increased utilization of the fishing industry’s expertise, more information for managers, increased
acceptance of data used in management, and increased sense of co-management of resources.

Acc‘ompl‘izs;hméﬁif

We expect to extend our demonstrated value through the proposed program by engaging the general
public and fishing industry in a scientifically sound monitoring program and providing critical data to
develop a baseline for monitoring MPA effectiveness. Both Pls on the project (Rick Starr, Moss Landing;
Dean Wendt, Morro Bay) have successfully worked with the fishing community to gather
management-relevant data on near-shore fish species. We have spent a combined time of over 330 days
at sea with the fishing industry and we have previously collected "inside/outside” comparisons at Big Creek
Marine Reserve with commercial fishermen. As such, the proposed program rests on a foundation of
successful multiyear collaborative-research efforts conducted by the PI's. Indeed, the resulits from the
previous efforts have been presented in reports, at academic society conferences and in peer-reviewed
journals. Moreover, the data from our previous studies have been requested for use in current stock
assessments (e.g., the blue rockfish, cabezon) further illustrating the previous success we have had
working with fishermen to collect fisheries-relevant information.
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	Methodology_t: 
Our sampling approach (survey design and sampling protocols) is modeled largely after the large scale, long-term kelp forest monitoring program developed over the initial eight years of PISCO and incorporated into the CRANE program. All of the data used to estimate biological variables are collected visually by two teams of scuba divers that survey over a period of four months (mid-June to mid-October). Our proposed sampling design is characterized as a stratified random permanent sampling design. Three criteria are used in the selection of potential reference sites; (1) they are of as comparable habitat as possible to sites sampled within MPAs, including reef geomorphology (substratum type and relief and reef slope) and oceanic conditions (exposure to swell, upwelling conditions), (2) they are as close as possible to nearby MPAs, but outside of a 0.5 km buffer zone to reduce the effects of regulatory treatments (inside versus outside MPAs) on one another, (3) the fundamental sampling unit (“cells”) are distributed randomly among possible sample cells met by criteria 1 and 2. We will use existing CDFG aerial digital images of historic kelp canopy cover to identify the distribution of kelp forests within each of the MPAs and corresponding reference areas that we propose to sample.  Within each of these areas, four sampling cells will be selected randomly.  Fish densities and size frequencies are estimated from a total of twelve 30 m-long transects stratified across four depth strata (20 m, 15 m, 10 m, and 5 m) within the forest. Three 30 m-long transects for sampling invertebrates and macroalgae are similarly distributed across each of three depth strata (20 m, 12.5 m, 5 m) within the forest. Species and environmental variables that we have identified to sample are based on lists identified in the Baseline Monitoring rfp and additional species and environmental variables we and the scientific literature have identified as indicators of ecosystem structure. These include population density and cover, fish and invertebrate size frequency distributions, substratum composition, physical relief and water temperature. Aspects of analysis, data management and coordinated collaborations with other monitoring programs will be based on past and ongoing efforts by PISCO.
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