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Executive Summary
This report summarizes the results of a multi-year study (April 2010 – April
2013) to characterize deep benthic rock and soft-bottom communities (20 116 m) in the California
Marine Life Protection Act’s
North Central Coast (NCC)
Study Region. Our specific
objective was to characterize
the seafloor habitats and
associated biological
communities within and
adjacent to the State Marine
Reserves (SMRs) and
Conservation Areas (SMCAs)
at the time of implementation.
Four locations were selected to broadly represent the distinct biogeographic
zones within the NCC region (listed from north to south): 1) Point Arena SMR
and SMCA, 2) Bodega Head SMR and SMCA, 3) Southeast Farallon Island
SMR and SMCA, and 4) Montara SMR and Pillar Point SMCA (Fig. 1). The
SMR and SMCA at Point Reyes were added as a fifth location in Year 2 with
separate funding from the National Park Service.
The NCC Region encompasses a linear coastline of 763 kilometers ranging
from Alder Creek near Point
Arena south to Pigeon Point,
and extending from the high
tide line to three nautical miles
off shore. An additional 151
square kilometers of state
waters are found surrounding
the Farallon Islands, located
approximately 45 kilometers off
shore of the San Francisco
Bay.
5

While much of the seafloor in the region is comprised of unconsolidated
sediments (sand or mud), there are also rocky reefs, pinnacles, and outcrops
located throughout. The region falls within the California Current Large
Marine Ecosystem and includes a persistent upwelling center at Point Arena,
the outflow of the largest estuary on the West Coast (San Francisco Bay), as
well as the highly productive and biologically rich Gulf of the Farallones.

Figure 1. Map of the North Central Coast Study Region including the State Marine
Reserves (Red) and Conservation Areas (Blue).
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Our approach to characterization involved the collection of videographic and
still photographic imagery at each location. Data extracted from this
permanent image archive were used to summarize the ecological conditions
inside SMRs and SMCAs, and at comparable sites distant from both, over a
one-year baseline from July 2010 – July 2011. The summary provided here
includes benthic habitat characteristics and species assemblages in the
context of the key attributes, indicators, and focal species defined by the
monitoring framework and local State and Federal marine managers.
Participants in the project represented a broad collaborative partnership
among academia, non-profits,
state and federal agencies, and
members of the fishing
community, constituents that
have not always collaborated
effectively.
All project imagery resides at
the Institute for Applied Marine
Ecology at California State
University Monterey Bay
(CSUMB) and at Marine Applied Research and Exploration (MARE). All
baseline data collected as part of this project has been uploaded to the MPA
Monitoring Enterprise’s Ocean Spaces website. Multiple on-going analyses
are drawing on the project data to explore the distributions and habitat
associations of many key taxa.
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Methods
Underwater surveys were conducted at each location within the NCC Region
using the Vector M4 ROV Beagle (owned by The Nature Conservancy and
operated by MARE onboard F/V Donna Kathleen (Fig. 2). The ROV
configuration and sampling protocol were based on previous and on-going
studies conducted by the PIs (Lindholm et al. 2004; de Marignac et al. 2009;
Tamsett et al. 2010).

A

B

Figure 2. (A) The Vector M4 ROV Beagle (B) F/V Donna Kathleen served as the support
vessel for ROV operations.

The ROV was equipped with five geo-referenced cameras (forward-looking
video and HD, down-looking video and digital still, and rear facing video), two
Quartz halogen and HMI lights, paired forward- and down-looking lasers, and
a strobe for still photos. The ROV was
also equipped with an altimeter, forwardfacing multibeam sonar, and a CTD. The
position of the ROV on the seafloor was
maintained by the Trackpoint III®
acoustic positioning system with the
resulting coordinates logged into
Hypack® navigational software. The
ROV was ‘flown’ over the seafloor at a
mean altitude of 0.2 m and a speed of
approximately 0.6 knots.
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Sampling effort was based on relatively long ROV transects distributed
across a study site. The distribution of transects was stratified in order to
encompass both sedimentary and hard substrate environments and the
transitional areas in between. Transect length depended on local conditions
and the extent of substrate coverage in the study area, but generally
exceeded 1 km.
Continuous video imagery was recorded from forward- and down-looking
cameras to digital tape. Forward video was used for data extraction, while
down video was used to assist with
positive identification of selected
fishes and invertebrates. All
observations were collected from nonoverlapping forward-facing video
frames, including species name and
number observed, recorded directly
into a Microsoft Access database.
Fish, mobile invertebrates, and
structure-forming invertebrates
greater than 10 cm in height were
recorded to ensure accurate
identification in almost any conditions
(e.g. extreme turbidity or current).
Paired lasers were placed as close as possible to the organism(s) being
recorded for size and geo-referenced location. Organism sizes were
estimated to the nearest 5 cm using the paired lasers spaced 10 centimeters
apart as a reference.
Identification quality was assessed on a scale from one to five, and
represented a measure of confidence for fish observations (one was
uncertain and five was certain). Fish identification was confirmed where
possible with colleagues and experts on California fishes (primarily Dr. Bob
Lea, former CDFW fishery biologist) to ensure data accuracy. Structureforming invertebrates were defined as organisms present above the substrate
that are greater than 10 centimeters in height.
9

Patch-scale habitat and associated fine-scale habitat directly below fishes
was recorded from non-overlapping forward-facing video frames. A habitat
patch was defined as continuous, uniform substrate for at least 10 seconds
(approximately 2.57 meters, speed was approximately 0.6 knots = 0.2572
meters/seconds) of forward travel in video. Habitat was classified by
substrate type, i.e. continuous rock (R), boulder (B), cobble (C) and sand (S)
(Tissot et al. 2006; Table 1). A two character code represented primary
(50%) and secondary (20%) habitat type at the patch scale and fine scale.
For example at the fine scale, if a video frame consisted of 75% continuous
rock and 25% sand, the character code was “RS”. Relief adjacent to all
fishes was classified as flat, crested, degraded crest, low, moderate and high
(Greene et al. 1999). Habitat features such as mounds and depressions
greater than 10 centimeters in length were also recorded.
Table 1. Substrate type and relief criteria for all habitat types.
Substrate Type

Criteria

Continuous Rock (R)

Outcropping or bed of solid rock

Large Rock/Boulder (B)

≥ 20 cm loose, individually distinguishable rocks. These are not
connected to ridges. Isolated, and may show evidence or rolling

Small Rock/Cobble (C)

< 20 cm loose, individually distinguishable rocks

Sand (S)

Unconsolidated, small particle size

Substrate Relief

Criteria

High

> 2 m vertical relief

Moderate

1-2 m vertical relief

Low

10 cm (laser separation width) -1 m vertical relief

Flat

featureless sand or flat rock

Crested

<10 cm sand waves and/or ripples with defined crests

Degraded Crest

<10 cm sand waves and/or ripples with rounded or degraded crests

Still images provided an opportunity to positively identify fish and
invertebrates that were frequently not possible from video alone. Still images
were collected manually along each transect at approximately 1-minute
10

intervals, and more frequently when sudden changes in altitude prevented
good photographic coverage. Additional still images were also collected
where necessary to document organismal diversity, debris etc.
Fish, mobile invertebrates, sessile invertebrates and habitat coverage were
recorded for each still image directly into an Access database structure. Each
still photograph covered an area of approximately 0.40 m2 at an altitude of 0.8
meters above the seafloor. Paired parallel lasers were used to indicate a
consistent reference for still photographs (to maintain constancy in area of
coverage for each image) and to size individual organisms where desired.
Still images were processed in Adobe Photoshop, overlaid with a 10 x 10 grid
so that each cell represented1% of the total image.

Figure 3. Idealized depiction of fishes and habitats sampled by the ROV.

Only fish with greater than 50% of their body in the image were recorded.
Sessile invertebrates were recorded as biogenic structure low or high
depending on whether they were less than or greater than 10 centimeters in
11

height, respectively. Habitat coverage was recorded as the number of visible
cells in which the substrate occurred using the criteria from Table 1.
As this was a baseline characterization effort rather than a hypothesis driven
research project, we sought to let the data drive the scale of the analyses
rather than constraining the analyses to our a priori understanding of a
particular species’ distribution. For on-going analyses of project data
(summarized in a separate
section below), sub-sampling of
transect data occurred post hoc
for selected species or taxonomic
groups based on their distribution
and considering the extent to
which spatial autocorrelation
influenced the data (Hallenbeck et
al., 2012). Consequently, the
number of replicates for each
analysis depended on the size of
the sampling units identified post
hoc within known habitat and
depth zones.
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Baseline Characterization of the Pillar Point / Montara
MPAs

Figure 40. Map of ROV transects conducted at Pillar Point/Montara, including MPA
boundaries, 20 and 30 meter isobaths, and sun-illuminated topographic map of
the seafloor.

Classification of Seafloor Habitats - Habitat types were classified at each
site using both sun-illuminated topographic maps created as part of the
California State Mapping Project and additional data extracted from downlooking video imagery from the ROV. Habitat polygons were created in ArcGIS
to capture habitats both within each MPA as well as areas adjacent to the
MPAs. At Pillar Point/Montara they were classified as Hard (51% of the total
area surveyed), which included large boulders, rocky outcrops, and some
cobbles; Mixed (17% of the total area surveyed), including a combination of
unconsolidated soft sediments with boulder, cobbles, or rock; and Soft
sediment (32% of the total area surveyed; Fig. 41).
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Figure 41. Substrate categories for Pillar Point / Montara, including the percentage of each
broad substrate type surveyed by the ROV (Soft, Mixed, Hard) and the total
amount of each available inside the SMR, the SMCA, and at the unprotected
reference sites.

Fishes at Pillar Point / Montara
A total of 665 individual fishes were observed at Pillar Point / Montara across
26 species, species groups, or morphological categories (Table 6). Counts of
fishes identified to species ranged from a low of 1 fish (Rosy Rockfish) to a
high of 118 fish (Lingcod). Flatfishes were abundant in the area but visibility
limited our ability to identify most individuals.
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Table 6. Count, relative abundance, density, and size frequency for observed fishes at
Pillar Point / Montara. Primary (**) and secondary (*) species requested in NCC Monitoring
Plan.
Pillar Point / Montara
Fishes
Species
Black Rockfish *
Blue Rockfish *
Brown Rockfish *
Canary Rockfish *
China Rockfish *
Copper Rockfish *
Gopher Rockfish *
Halfbanded Rockfish *
Quillback Rockfish *
Rosy Rockfish *
Vermilion Rockfish **
Yelloweye Rockfish **
Cabezon
Eelpout
Kelp Greenling
Lingcod **
Longspine Combfish
North Pacific Argentine
Painted Greenling
Pink Seaperch
Poacher
Ronquil
Sculpin
Starry Skate
English Sole *
Pacific Halibut *
Pacific Sanddab *
Petrale Sole *
Rex Sole *
Slender Sole *
Speckled Sanddab *
Starry Flounder **
Species Complex
Olive/Yellowtail
complex*
Vermillion/Canary/
Yelloweye complex *
Sebastomus **
Other
Pleuronectiformes *
Sebastes spp. *
Unidentified fishes

Size frequency
20304030cm 40cm 50cm

Count

Relative
Abundance

Density
(x10 m2 ± 1SD)

2
4
20
4
11
1
5
1
108
118
2
5
1
1
1
1
1
3
2

0.003
0.006
0.030
0.006
0.017
0.002
0.008
0.002
0.162
0.177
0.003
0.008
0.002
0.002
0.002
0.002
0.002
0.005
0.003

0.29 ± 0.89
1.02 ± 3.24
3.61 ± 8.59
1.12 ± 3.14
2.18 ± 5.75
0.04 ± 0.2
0.45 ± 1
0.24 ± 1.09
23.67 ± 33.65
35.37 ± 56.49
0.58 ± 2.61
0.86 ± 3.11
0.29 ± 1.3
0.17 ± 0.75
0.29 ± 1.3
0.14 ± 0.65
0.23 ± 1.03
0.88 ± 3.91
0.5 ± 1.97

0.50
0.25
0.60
0.50
0.18
0.20
1
0.05
0.53
1
1
1
1
1
0.50

0.50
0.75
0.35
0.50
0.55
1

5

0.008

1.08 ± 3.09

6

0.009

1
106
75
181

-4

1020cm

+50
cm

0.69
0.18
1
0.50

0.05
0.27
0.60
0.26
0.19
-

0.20
0.01
0.09
-

-

0.02
-

0.40

0.40

0.20

-

-

1.44 ± 3.21

0.40

0.20

0.40

-

-

0.002

0.04 ± 0.2

1

-

-

-

-

0.159
0.113
0.272

24.53 ± 69.91
16.46 ± 41.55
34.71 ± 36.41

0.96
0.67
0.77

0.03
0.30
0.20

0.01
0.02
0.03

-

-

-
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Fishes in Mid-Depth Rock and Soft Bottom Ecosystems
Fishes found in the hard substrate habitat of Pillar Point / Montara comprised
relatively even proportions of Rockfishes (Sebastes spp.), Roundfishes, and
Other Fishes (Fig. 42). The Roundfishes and Other Fishes categories were
broad categories used to bin organisms that were observed, but not identified,
usually due to poor visibility. Roundfishes included all non-flat fishes that were
not identifiable further, while Other Fishes was even more general and could
include any species of fish found in the area. In the soft substrate, Flatfishes
and Roundfishes comprised the majority of fish observations, with
Roundfishes constituting the highest proportion of all five geographies.

Figure 42. The fish observed at Pillar Point / Montara expressed as a percentage of the
major categories of fishes found over Hard Substrate (top) and Soft Substrate
(bottom).
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Figure 43. Fishes of Pillar Point / Montara occurring over soft substrate (top, Longspine
Combfish) and hard substrate (middle, Lingcod; bottom, Young-of-the-Year
Rockfish).
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Mobile Invertebrates in Mid-Depth Rock and Soft Bottom Ecosystems
Sea Stars (over 85%) comprised the majority of mobile invertebrate
observations over hard substrates, as well as the soft substrates (over 75%)
of the Pillar Point / Montara study sites (Fig. 44). Within soft substrates,
Dungeness Crab observations totaled approximately 20%, the second highest
proportion of all five geographies.

Figure 44. Mobile invertebrates observed at Pillar Point / Montara expressed as a
percentage of the major categories of fishes found over Hard Substrate (top)
and Soft Substrate (bottom).
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Figure 45. Mobile invertebrates of Pillar Point / Montara occurring over hard substrate (top,
Red Urchin; middle, Sea Stars and Nudibranch) and soft substrate (bottom, Sun
Star).
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Structure-Forming Invertebrates in Mid-Depth Rock and Soft Bottom
Ecosystems
Metridium (over 28%) and Anemones (over 38%) made up the majority of the
structure-forming invertebrates observed over hard substrate at Pillar Point /
Montara (Fig. 46). Sponges totaled more than 20% of the observations, which
is the highest proportion of all five geographies. Over soft substrate,
observations were almost entirely Sea Whips/Pens (over 99%).

Figure 46. Structure-forming invertebrates observed at Pillar Point / Montara expressed as
a percentage of the major categories of fishes found over Hard Substrate (top)
and Soft Substrate (bottom).
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Figure 47. Sessile invertebrates occurring at Pillar Point / Montara over hard substrate
(top, Red Gorgonian; middle, Metridium; bottom, Fish-eating Anemone).
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Fish and Invertebrate Associations with the Seafloor
Summary data from 2011 indicate that overall, epibenthic fishes were rarely
observed, except in an unprotected study site adjacent to the MPAs near
large, rounded boulders. Fishes were most commonly observed in contact
with the bottom over both hard and mixed substrates. Flatfishes were
observed strictly on sand. Both mobile and sessile invertebrates occurred
over all substrates, represented by different species in different habitats.
Many newly recruited Dungeness Crabs and small Lingcod were observed in
soft substrates.

Figure 48. Fishes, mobile invertebrates, and sessile invertebrates at Pillar Point / Montara
expressed as a percentage of all observations over Hard, Mixed, and Soft
substrates.
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