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1. Introduction
For several years Oregon’s nearshore environment and the living marine
resources that inhabit it have been subject to increasing fishing pressure. Offshore
groundfish fisheries have declined as fishery managers have adopted more conservative
harvest limits, and have closed extensive offshore areas to trawling to reduce the catch
and facilitate the rebuilding of several overfished rockfish species. Some of this fishing
pressure has shifted to nearshore areas. This effort shift, coupled with declines
in other nearshore fisheries, such as the salmon and sea urchin fisheries, and the
development of the new and expanding live-fish fishery, have increased fishing pressure
on nearshore rockfish, greenling and sculpin populations. Many of these species use
nearshore rocky reefs as their primary habitat. These reefs are limited in area, and
patchily distributed along the Oregon coast. Nearshore fishing pressure on these species
is focused in relatively discrete areas as a result. The use of rocky reefs as habitat by
nearshore finfish is generally well accepted. How size and complexity of habitat, and
time of year, month, or day, influence community composition and fish distribution on a
species-by-species basis is poorly understood. The impact of recreational and
commercial fishing pressure on the community composition and abundance of individual
species on Oregon’s nearshore reefs is also poorly understood.
This project has provided the ODFW Marine Habitat Project with a unique
opportunity to make a comparative examination of the habitats and fish communities of a
heavily fished reef off of Siletz Bay, and a nearly unfished reef off Cape Perpetua. There
are over 17,000 angler trips for groundfish out of Depoe Bay annually, many choosing to
fish Siletz Reef. In addition, numerous whale watching and sightseeing charter vessels
operate in the vicinity of the reef. Cape Perpetua Reef consists of isolated patches of
rock, and is too far from Newport (the nearest port) to receive much fishing effort.
This examination of the influences of fishing pressure in nearshore rocky habitat
complements, and is embedded in, a broader effort to understand the distribution and
character of Oregon’s nearshore rocky reefs, and the species that are dependent upon
them for habitat. The ODFW Marine Habitat Project has spent the last eight years
working in cooperation with scientists and other resource agencies to develop methods
for classifying and mapping nearshore rocky reefs habitats off Oregon. Because
nearshore reefs are in state waters, Oregon is responsible for managing these living
resources and habitats to sustain their long-term use and productivity. To date, eight reefs
have been surveyed and mapped with sidescan and/or multibeam bathymetry at a
resolution indicative of fish habitat. ODFW has also been developing non-extractive fish
survey techniques to describe fish-habitat associations and estimate fish abundance at the
habitat and reef scale. The importance of habitat to reef species cannot be over-stated and
is now widely accepted in the scientific community and is the focus of major research
efforts in other Pacific coastal states. Better understanding of the degree to which harvest
influences relative and absolute abundance, combined with species-habitat relationships,
is essential for resource managers to exercise their stewardship responsibilities to protect
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essential habitat, develop population indices for species at risk, and maintain healthy and
productive ecological systems.

2. Methods
2.1 Physical Habitat Mapping
2.1.1 Sidescan Sonar Surveys – Perpetua Reef and Siletz Reef
The sidescan sonar survey of Perpetua Reef was conducted in 2000. Side scan
sonar equipment included an Edgetech DF-1000 100/500 kHz towfish and digital control
unit (DCU), Triton Elics ISIS sonar software for acquisition and production, an Ashtech
BR2G differential GPS, and a Coda Technologies Hydrotrac 200kHz echosounder. The
survey vessel was the commercial fishing vessel, F/V Nesika. Prior to the survey, we
developed 100% coverage survey lines with Hypack hydrographic software. During the
survey, these were placed on a helm display for accurate vessel navigation of the
tracklines.
Performing the survey involved steering along parallel tracklines while towing the
sonar towfish astern of the vessel. The towfish was lowered behind the vessel to fly
safely above the seafloor (10-20m altitude). The ISIS software computed the distance
between the vessel and towfish, or “layback”, using the amount of cable paid out behind
the vessel and the depth underneath the vessel. The software then combines the layback
with the geographic position of the vessel and depth of the towfish to calculate the
position of the towfish. Backscatter quality changes due to internal and external noise
were monitored and adjusted using standard procedures (Fish and Carr 1990). The vessel
ran with and into the alongshore current, and we did not notice any obvious sideward
drag on the cable. A reasonable estimate of layback position uncertainty with respect to
the vessel is ± 5 m. The first portion of the survey, (July 17-19) was run at a low
frequency to identify the gross scale geology of the region (100kHz, 200m range, 5-6 kts,
20m altitude). During data acquisition, careful attention was paid to the output screen
and rocky areas were noted. The second portion (July 19 to 20) was surveyed at a higher
frequency to discern the small rock patches (500kHz, 50m range, 3-4 kts, 10m altitude)
noted during the low frequency run-through.
Trackline sonar data collected during the survey were stored in XTF format on
CD-R media at the end of each survey day. Position and depth data were stored in
Hypack format. Standard adjustments to the clarity of the sonar data (time-varied gain,
vessel speed, altitude) were made prior to mosaic production in Triton Elics DelphMap
software. Because we were able to achieve 100% coverage, mosaics were created using a
best-coverage overlaying approach, choosing the trackline with the clearest backscatter
image for the visible top layer. Mosaics from each portion (low and high frequency) of
the survey were stored in GeoTIFF format and then burned to CD-R. High resolution
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portions of the survey data were then imported into Hypack navigation software to
develop ROV groundtruth and fish sampling transects (Section 2.2).
Rock patches visible in the 500kHz mosaics were classified by relative size into
"tiny", "small", "medium" and "large" classes. Line transects across these patches were
then created and used for ROV navigation with Hypack software.
A sidescan sonar survey was conducted on Siletz Reef in 2001 following methods
similar to those described for Perpetua Reef with the exception that the Siletz sidescan
sonar survey was conducted at a frequency of 100 kHz and used the R/V Elakha as the
survey vessel.
2.1.2 Multibeam Sonar Survey – Siletz Reef
Seavisual Consulting Inc. (SCI) was contracted to conduct a multibeam survey of
Siletz Reef. SCI mapped 32 km2 of nearshore reef. Over 416 km of lines were surveyed
in the period of October 2 – 6, 2003. Weather and seastate conditions permitted
continuous data collection efforts during this period. The favorable conditions allowed
SCI to cover the majority of the projected survey area. A small section of shallow water
was not surveyed due the presence of dense kelp.
The survey area is located in the nearshore region of the Oregon coast between
the Salmon River and Depoe Bay. The survey is divided into a north and south area
encompassing 24.6 km2 and 7 km2 respectively. Depth ranges from 10 to 50 meters with
gently sloping areas interspersed with rocky reefs. Small areas of dense kelp exist at the
inshore limits of the each survey area and one such area prevented data acquisition.
The vessel utilized for the project was the Charter Vessel Tacklebuster based in
Depoe Bay, Oregon and piloted by owner/operator Jeurgen Turner. All sonar and sound
velocity data acquisition was accomplished aboard the Tacklebuster.
Automated Data Acquisition and Processing
Coastal Oceanographics Hypack Max version 2.12 for Windows software running
on a Pentium 333 MHz laptop PC, was used to collect all sensor data and provide vessel
guidance during field operations. The data acquisition system (DAS) computer acquires
all multibeam system data (Seabat, MRU, DGPS, and Gyrocompass) through a multiport
Quatech QSP100 PCMCIA card. All sensor data is time-tagged and stored on hard disk
during surveying while simultaneously providing real-time vessel guidance along
predetermined survey lines. Approximate sounding depths are displayed on an area map
to assure full coverage of the multibeam system. Latitudes and longitudes received from
the DGPS system are converted to the local survey datum in real-time. Coastal
Oceanographics Hysweep multibeam sonar processing software was used to
edit, filter, and resolve all sonar system data into project horizontal coordinate and
vertical datum soundings. Hysweep is a complete multibeam package allowing the
automated and manual editing of all sonar, vessel motion and attitude, and positioning
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sensors. Additionally, with Hypack Max 2.12, tides and sound velocity data can be
applied to correct and resolve multibeam soundings.
Sounding Equipment
Multibeam Sonar
The Reson Seabat 8101 multibeam sonar was used to obtain bathymetric
soundings of Siletz Reef. The Seabat, operating at 240 kHz, transmits a 170 x 15-degree
acoustic beam. On return, the acoustic beam is resolved into 101, 1.5 degree x 1.5-degree
acoustic soundings. The 150-degree beam casts a bottom footprint of 7.4 times the water
depth in depths of less than 70 meters. Typical hydrographic surveys make use of the
wide swath of the 8101 to efficiently survey large areas. The Rocky Reef project
however, required not only full coverage of the survey area, but in addition, required the
detection and resolution of relatively small (2m) bottom features. These requirements
excluded the use of certain outer portions of the full sonar swath. The larger acoustic
beam footprints produced from the outer beams, although capable of detecting, could not
fully resolve such small features.
The Seabat 8101 Sonar system consists of the transducer head, an onboard
processor, and a video monitor. The transducer is deployed on a fixed mount over the
starboard side of the vessel. The mount is firmly fixed in position during data collection
such that all motion sensors, located at different points on the vessel, reflect the true
motion of the sonar. An interactive mouse utilizes the video monitor to adjust system
settings such as gain, power, and range. During data collection, the video monitor
displays the acoustic signal being collected along with each digitized beam.
Seabat data rates vary depending on the depth of measurement and baud rate of
the serial line to the data acquisition computer. During this survey, the system was
producing between 6 and 7 swaths/second providing 600 to 700 soundings/second. The
range resolution of each beam is 1.25 cm.
Singlebeam Sonar
The Odom Hydrographic Hydrotrac Singlebeam echosounder was utilized for
multibeam calibrations. The Hydrotrac, operating at 200 kHz and equipped with a 3
degree transducer, was mounted at the same draft as the Seabat. All digital data from the
Hydrotrac was time-tagged and recorded by the data acquisition system running Hypack
Max. Sounding data is also recorded on the Hydrotrac’s analog printer.
2.2 Remotely Operated Vehicle Procedures
2.2.1 Equipment Configuration
The Phantom HD2 ROV (Deep Ocean Engineering) is equipped with minimum
propulsion for the currents and conditions of the Oregon coast (Photo 1). Two horizontal
thrusters, two lateral thrusters, and one vertical thruster are controlled by the operator via
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a remote control unit. Also controlled on this remote unit are the lights, camera focus and
angle, and auxiliary components if present.
The minimal components of our ROV are: a Sony EVI-330 video camera, two
Deep Sea Power and Light 250-watt halogen lights, two Deep Ocean Engineering 15mW
lasers, a depth pressure sensor, a fluxgate compass, an On-Screen Display video overlay
(OSD-379, Deep Ocean Eng.), and an Offshore Research Equipment 4330B Multibeacon.
For optimal quantification of benthic attributes (organism counts, area of coverage), the
forward-looking video camera is set at a fixed downward angle of 30° below horizontal.
A video monitor on the survey vessel provides a live feed from the video camera, useful
for ROV piloting and interpretation. Time, ROV depth, and ROV heading, are overlaid
on the video and are used in pilot navigation and post-processing. A Panasonic DV2000 MiniDV VCR records the video image onto MiniDV cassettes (up to 60 minutes of

Photo 1. Phantom ROV aboard the R/V Elakha, shown with clump weight.
footage at a time). Tape changes mid-dive are made while keeping the ROV stationary
on the bottom. The laser pair is mounted on top of the camera housing and are aligned
parallel at approximately 10 cm apart to provide a 10 cm scale of reference in the video
images. The ORE 4330B acts as a transponder for acoustic navigation (Section 2.4).
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2.2.2 ROV Deployment / Retrieval
We typically charter a support vessel that allows for the safe deployment,
operation, and retrieval of the ROV. Vessel qualifications are generally related to
electrical requirements, deck space, and cabin space. At a minimum, the basic
requirements enable us to deploy and retrieve the ROV. Deployment follows the same
protocol developed in our 2000 field season:
1) The support vessel is positioned upwind of the desired transect start location.
2) The ROV is attached to the winch cable and lowered into the water.
3) The ROV is run out astern of the vessel until about 50 m of umbilical is paid out
(the umbilical has gangion clips at 50 m and every 4 m thereafter to secure the
umbilical to the vessel’s winch cable). During this procedure, a small subsurface
float is attached to the umbilical at the 25 m mark.
4) A 280 lb. “clump weight” is attached to the winch cable and lowered off the Aframe or davit to about 2 m under the water surface.
5) A survey crew member clips the first umbilical gangion clip to the winch cable.
6) The clump weight is lowered about 4 m and the second umbilical gangion clip is
clipped to the winch cable. The lowering and clipping process is repeated until
the clump weight is approximately 6 m above the seafloor.
Retrieval follows these steps in reverse order.

Figure 1. A simplified illustration of our ROV live-boat configuration.
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This deployment method, modified from methods used by Norcross and Mueter
(1999) and Stewart and Auster (1989), allows the ROV to maneuver along the bottom
within a 50 m radius of the vessel while eliminating most of the drag on the umbilical due
to water currents and vessel drift (Figure 1). The float at the umbilical’s 25 m mark is
intended to keep the umbilical from snagging on the seafloor.
2.2.3 ROV Navigation
Navigation of the ROV is achieved through a combination of acoustic and GPS
data acquisition. The Trackpoint II (ORE) acoustic positioning system consists of a polemounted hydrophone, a beacon, a processing unit, and an external compass. The
hydrophone pole is bracketed to the vessel via a custom-built swivel joint. The
hydrophone, mounted on the end of this pole, extends vertically below the keel of the
vessel. The beacon is attached to the ROV, mounted upright. The processing unit is
located in the vessel cabin and controls and filters the transmitted and received acoustic
signals (2 seconds/pulse). The slant range, bearing, and depth (input from the ROV’s
depth sensor data) signals are used to calculate the ROV’s position relative to the
hydrophone. Smoothing, ROV velocity threshold, and time gating filters are applied to
the signals to remove errant echo returns. For nearshore work, we have been using the
following filter settings for the Trackpoint II with a high degree of success: Filter Level:
LOW, Smoothing: ON, Threshold: MED-LO. The calculated relative ROV position and
the magnetic heading (supplied by an external fluxgate compass) are finally sent as serial
data to the navigation computer.
Hypack MAX Survey (Coastal Oceanographics, Inc.) software is used for
navigation, data acquisition, and processing of ROV position data. A Garmin
GPS76/GBR21 Differential GPS is mounted on the support vessel, providing 1-2m
accuracy of the vessel’s position. The data string is sent to the navigation computer (Dell
Inspiron laptop, 800MHz Pentium III, 256MB RAM, Quatech multi-port serial PCMCIA
card), where it is displayed and logged. The vessel position data are then used by Hypack
to interpret the ROV data sent by Trackpoint. A calculated geographic position of the
ROV is then displayed and logged simultaneously.
The ROV pilot uses both the live video feed and the laptop’s navigation screen to
complete a dive. Attention is paid to ROV heading to keep consistent with the planned
transect line. A second computer monitor displaying Hypack is situated in the vessel
wheelhouse for use by the captain. Instructions on live-boat vessel navigation are given
to keep the vessel and the ROV within the tether radius of the umbilical cable running out
from the clump weight. Communication with the captain is essential to completing a safe
and effective dive.
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2.2.4

ROV Navigation Data Processing

The acoustic navigation data collected by Hypack MAX Survey needs to be
“cleaned up” before it is used for any kind of spatial analyses. This step is standard for
acoustic data from Trackpoint II (Susan Merle, pers. comm.). Positional errors beyond a
reasonable amount, not captured by the Trackpoint unit’s filtering, need to be removed
from the dataset.
For geographic position to be “tied in” to video review observations (i.e. where
and when was an organism seen), we use a relational database to match ROV navigation
data to video interpretation data. Trackpoint navigation data are typically one position
every two seconds. However, video data are recorded with accuracy to one second. The
navigation data, after removing outliers, is run through Generic Mapping Tools program
(GMT, Paul Wessel and Walter H. F. Smith) which interpolates the points using an
akima spline, generating a 1-second interval output navigation file. The two final 1second files can then be related by time and joined in a database for data query and
analysis.

2.2.5 Video Review
Video footage recorded during surveys is the most important unit of ROV data.
We use MiniDV format to record the video. This format captures the resolution of the
Sony camera mounted on the ROV, 460(H) x 350(V) lines. Review of the video is
performed in our Newport office using the recording deck, a Sony DV/MiniDV VCR.
Frame-by-frame advance with an editing wheel allows for detailed identification of
organisms, measurements, and habitat interpretation. We use a Panasonic 14” CT-1383Y
video monitor as the primary display for video review. The On-Screen Display unit
overlays time, depth, and heading on the recorded video. The time record obtained
during review of the video (the OSD’s internal clock) is later matched to GPS time by
applying a correction factor obtained from the OSD’s measured linear time drift of -0.365
seconds per day.

2.3

Fish Enumeration Methods

The digital video record of each transect is reviewed to record time, fish taxa, fish
count, schooling behavior, bottom habitat characteristics, and general notes (Fox, et al.
2000). Only fish that can be identified as present in the lower 80% of the video screen
are counted. This accounts for an unrealistic extension of the top 20% of the camera’s
field of view beyond the practical limits of visibility.
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All fish are counted and identified to species when possible. Unidentifiable
species of rockfish (due to poor image quality) are counted and recorded as unknown.
Juvenile rockfish are counted as accurately as possible, often by averaging two to three
consecutive counts, and recorded without a reference to their species. Flatfish are also
counted, though not identified to genus or species. It is probable that some very small
fishes, smaller than juvenile rockfish, go unrecorded and unidentified.
Each fish or group of fish has a time record attributed to it in the database. Time
is obtained from the OSD overlay when each fish is encountered. Fish count / time data
also contain an "instantaneous" interpretation of benthic habitat type that describes the
habitat in the immediate vicinity of the fish.

2.4

Transect area estimation methods

An important piece of information needed to quantify benthic attributes is the area
of a transect. For example, fish count data are standardized by converting counts to
densities. This step requires estimating seafloor surface area sampled in the video. We
estimate dimensions of the video images following the perspective grid method described
in Wakefield and Genin (1987), and elaborated below.
As the ROV moves closer to the seafloor, the spread of the terminal laser points
on the video appears to widen. The width of the transect viewable on the video can be
calculated using the measure of laser spread. We measure this variable once every thirty
seconds on a transect. Occasionally the lasers cannot be detected when the ROV is too
far off the bottom or the ROV is oriented at some oblique angle. In this situation, we
measure and report the next available laser separation distance. Linear interpolation
methods are used to construct a database with laser measurements at every second
between the start and end of a transect, similar to those mentioned in Section 2.2.4.
Using camera declination angle, horizontal and vertical view angles, and laser
separation distance in the image, the perspective grid method allows computation of
depth and width of the video image, surface area of the seafloor in the image, and height
of the camera above the bottom. Camera declination angle is fixed during our surveys.
Camera horizontal and vertical view angles are computed by correcting the factory view
angle specifications by the air to seawater diffraction index of 1.34 (Newmann and
Pierson 1966; Jerlow 1976). Laser separation distance measurements are corrected for
the horizontal laser offset from the camera’s center of view because the lasers are
mounted 6.8 cm above the camera. A vertical offset correction is made to adjust for the
lasers slight lift of 1.7° above the camera axis angle. All computations assume a flat
seafloor and a stable camera platform (i.e., no ROV pitch or roll), and do not consider
distortion effects of the camera and lenses (Li, et al. 1997), thus we consider our
computations to be estimates. We use the transect width calculated for the top of our
view area (upper 80% mark, Figure 2) and transect length estimated from the habitat
segment data to determine the total area sampled on each transect.
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Figure 2. Schematic representations of the ROV camera's field of view. The Side View
shows the vertical view angles (for the Sony EVI-330 in an underwater housing) and the
distances extending along the bottom in the field of view, based on a camera height of 1
m above the bottom. Note that the top of the view extends out 18.6 m from the camera,
explaining why we chose to disregard the top 20% of the video's view. The Plan View
shows the area encompassed by the field of view and the calculated widths of the video
image at the bottom of the view, at the point where the lasers appear in the view, and at
the top of 80% of the view area. The view area is a trapezoid with a lower base of 1.6 m,
and upper base of 4.5 m, a height of 3.6 m, and a surface area of 11 m2. In this example,
we use 4.5 m as the transect width.
2.5. Habitat Classification and Segmentation
We use a substrate classification system described in Fox, et al. (1998), with the
addition of a relief code modifier described by Karpov, et al. (2001)(Table 1). While
both systems parallel each other, there are a few subtle differences. At this time, we are
using both schemes during video review for later comparison and analysis.
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Habitats are segmented along a transect in a method adapted from Hixon, et. al
(1991), Stein, et. al (1992), Yoklavich, et. al (2000), and Karpov, et. al (2001), by which
a continuous habitat described by a primary and secondary component defines the
beginning and end of a segment. This substrate must be continuous for a period of at
least ten seconds. We define primary habitat to be the habitat in greatest abundance (>
50%) during the length of the segment (continuous or scattered). The relief code
modifier applies to the primary habitat. Secondary habitat is defined as the component of
the substrate that covers between 20 to 50% of the segment area.
2.6 Cape Perpetua Reef ROV Survey and Data Analysis
2.6.1 Cape Perpetua Rock Patch Survey Methods
The fish transect sampling design focused on examining the effect of habitat patch
size on fish species composition and density. Rocky habitat patches appearing on the
side scan sonar mosaics were examined and classified by size, apparent composition, and
approximate vertical relief. We grouped the habitat patches into four size categories
based on natural breaks in their size distribution, and randomly selected 5 patches from
each category to sample (Figure 3). Transects were sampled in 2000, 2001 and 2002.

Table 1. Description of primary substrate categories and corresponding relief qualifiers
applied to substrate classification.

Fox et al. (1998)
Karpov et al. (2001)
Substrate
Code Interpretation Micro relief Modifiers Substrate
Relief Code Interpretation
"Level" rock

F

0-45°

L (low), H (high)

Bedrock

1
2
3

low relief (<1m)
medium relief (1-3m)
high relief (>3m)

"Sloping" rock

R

>45°

L (low), H (high)

Sm. Boulder
Lg. Boulder

B
L

0.25-1m
1m- 3m

Boulder

1
2
3

C

64-250 mm

G
S

2-64 mm
0.06-2mm

Cobble
Pebble*
Gravel
Sand

diameter 0.25-1m
diameter 1-3m
diameter >3m
64-250 mm
4-64 mm
2-4mm
wave height < 10cm
wave height 10 - 100cm
wave height >100cm

Cobble
*

Gravel
Sand

*Pebble is not used as a individual substrate type and is considered "Gravel".
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We examined the relationship between fish density and rocky habitat patch size
with data from 2000 using ANOVA and linear regression. Patch size was expressed as
both area and perimeter/area ratio to provide two alternate representations of patch
“size”. There were four patch surface area categories for the ANOVA: “large”,
“medium”, “small”, and “tiny”. Relationships between fish densities and patch
perimeter/area ratio were examined with linear regression only. Patches defined as “tiny”
in 2000 were excluded from subsequent years’ analyses (Fox et al, 2000). All statistical
analyses were performed on fish density data from the video review method that were
log-transformed (ln(x+1)) to normalize the otherwise highly skewed untransformed data.
ROV operations occurred aboard the R/V Elakha (Oregon State University),
based out of Yaquina Bay.
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Figure 3. Map of side scan sonar survey areas off Cape Perpetua. Low resolution
(100 kHz) survey area is in orange. High resolution (500 kHz) survey areas are in blue
and shows rocky habitat patches. Habitat patches sampled for fish abundance using
ROV-video are shown in red.
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2.6.2

Cape Perpetua Fish-Habitat Association Analysis

Patterns of association among species and habitat classes were examined with data from
2001 using hierarchical cluster analysis. Six habitat classes used in the cluster analysis
(Table 2) were developed by recombining the seafloor habitat descriptions recorded from
the video review (Table1), including the creation of a transitional or edge habitat category
between sand and rock. The habitat class constituted the basic sampling unit. Within the
sampling units, species-specific densities were standardized to represent the proportional
contribution of that species to each habitat class. Only species contributing more than
1% of the total species composition were used in the analysis. The clustering technique
used the unweighted pair-group average linkage and Euclidean distance as the measure of
distance between clusters (Statsoft 2001). A dissimilarity of 50% or more was
considered a major division among clusters. After the clustering was completed,
differences in mean log-transformed species densities among the clusters were examined
using analysis of variance.

Table 2. Relationship between video review seafloor habitat descriptions and habitat
classes used in the cluster analysis.
Video review habitat codes (see Table 1)
Habitat type used in
the cluster analysis
low relief rock
high relief rock
sediment
sediment edge

Code for cluster
analysis habitat
RL
RH
S
ES

rock edge

ER

other edge types

EO

Primary habitat
FL,FH,B,L,RL,RH
FL,FH,B,L,RL,RH
S,G,C
First 5 m of S, G, or C after
the rock sediment interface
First 5 m of rock after the
rock sediment interface
S,G,C

Secondary habitat
any
any
any
any

Relief
1
2 or 3
any
any

any

any

FL,FH,B,L,RL,RH

any

2.6.3. Cape Perpetua Inter-annual Comparison
Cape Perpetua fish and habitat data were analyzed to compare fish species
abundance between summers of 2000, 2001 and 2002, and to examine fish-habitat
associations. Annual comparison included a graphical examination of species
composition and a comparison of species densities using two-way ANOVA. Transects
sampled in each of 2000, 2001and 2002 surveys formed the triads in the ANOVA.
Species densities were log-normally distributed and were log-transformed (ln(x+1)) to
meet normality assumptions of ANOVA.
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2.7. Siletz Reef ROV Survey and Data Analysis
2.7.1. ROV Survey Design and Methods
2001 was the first year of ROV surveys at Siletz Reef. At the time of the survey,
sidescan and multibeam survey data was not available to aid in the placement of the ROV
transects. Placement of the transects was iteratively determined by examining the extent
of “likely” rocky structures in an interpolated bathymetric map (Figure 4a, National
Ocean Service Hydrographic Survey Data, 50 m gridded bathymetry), on a nautical chart
of the region (Figure 4b, NOS chart no. 18520) and by reconnaissance using the vessel’s
echosounder. Planned line transects were centered on these structures.
In 2001, A total of nearly 30 km of ROV footage was collected over 5 days off of
Siletz River (June 7; July 13; Aug 17, 19, and 20) for a total area coverage of 130,000 m2.
Completed transect tracklines are illustrated in Figure 4c. Sixteen discrete transects
varying from 800 m to 4 km in length were completed, totaling over 19 hours of benthic
footage. Transects were surveyed in a northward direction to head into the prevailing
wind-driven currents typical of the season. Overall, depths ranged from 10 m to 45 m.
In 2002, ROV surveys at Siletz Reef were completed on July 13, August 26, 27
and 28, and October 4, 5 and 6. A total of 40 ROV transects 500 meters in length were
surveyed for a total of 65,500 m2 (Figure 5). Transects were stratified by two parameters;
depth range and bottom relief, with each parameter having two levels. Depth range was
classified as either deep (30-60 meters) or shallow (5-30 meters). Bottom relief was
classified as either high or low relief as determined by side scan sonar imagery.
The classification system and techniques for describing bottom habitat had two
additional habitat types added in 2002, vertical and crevice. In total, eleven habitat types
were identified in the survey.

18

25

(a)

Depoe Bay
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(c)
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40m

Depoe Bay

20m

Figure 4 (a) 50m gridded NOS bathymetry/USGS elevation composite of Siletz Reef region. Note presence of shallow structures along Boiler
Ridge and Siletz Reef. (b) NOS Nautical Chart 18520 section of study area. (c) 10m bathymetric contours and completed ROV dives.
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Figure 5. Map of Siletz Reef study area with sidscan sonar mosaic of reef (gray area). The sidescan mosaic
displays rock substrate as light gray or white. Shaded areas represents high relief habitat interpreted from
the mosaic. Red lines represent 2002 ROV video transects.
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2.7.2. Siletz Reef Fish-Habitat Associations
Analyses of the 2002 Siletz data occurred at two resolutions, referred to as
“coarse scale” and “fine scale”. The coarse scale analysis compares fish density at high
and low relief and is based on the sidescan sonar imagery. The fine scale analysis
compares fish density among eleven discrete habitat types and is based on video
observations. For comparative purposes, large boulder, sloping-high relief bedrock, levelhigh relief bedrock, sloping-low relief bedrock, and crevice habitats equate to high relief
habitat in the coarse scale analyses. Small boulder, cobble, gravel and level-low relief
bedrock equate to low relief habitat in the coarse scale analysis. Statistical analyses were
performed on coarse scale data only. Fine scale analyses consist of graphical and
geospatial analysis.
The effect of depth and bottom relief on species density was examined using
analysis of variance (ANOVA) on log-transformed densities. Species that did not meet
the assumption of normality for ANOVA were tested using the non-parametric, MannWhitney U test. Species or groups tested with ANOVA are black rockfish, kelp
greenling, lingcod, schooling rockfish, and benthic rockfish. Species or groups tested
with Mann Whitney-U test are blue rockfish, canary rockfish, yelloweye rockfish,
yellowtail rockfish and juvenile rockfish.
Transect reclassification
As mentioned previously, transects were stratified for relief based on sidescan
sonar imagery. During data processing it was apparent that for seven transects the
sidescan sonar classification of relief was not consistent with the relief observed in the
video. The video enabled us to see all the actual habitat types that occurred along a
transect and for these seven transects, the actual habitat types did not coincide with the
sidescan interpretation of relief. In these seven cases we re-classified transects to
represent the dominant relief type (>50%). Three transects initially classified as high
relief actually had a greater percentage of low relief habitat, and were reclassified
accordingly. Conversely, four transects initially classified as low relief had a greater
percentage of high relief habitat and were reclassified as high relief. One transect was
eliminated from the analyses of relief because it contained equal amounts of high and low
relief habitat. This resulted in 19 high relief transects and 19 low relief transects. The
reclassification only affected the coarse scale analysis for relief. Analysis of relief on
species density was performed on both the original and reclassified data.
2.7.3. Siletz Reef Inter-annual Comparison
Comparison of fish densities on Siletz Reef between years was conducted using transect
density data from 2001 and 2002. As the 2001 survey was exploratory, transects were not
stratified by depth or habitat relief as they were in 2002. In order to conduct meaningful
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comparisons between the two years, we selected transects or segments of transects based
on a geographic proximity of 100 meters. The spatial selection of transect segments was
done using ArcGIS. The total area of ROV coverage used was 27,200 m2 for 2001 and
17,400 m2 for 2002. Comparison of species density was performed using a paired t-test
on log-transformed density data.

3. Results
3.1 Physical Habitat Mapping
3.1.1 Cape Perpetua Reef
The sidescan sonar survey area at Cape Perpetua Reef covered approximately 32
km2 (Figure 3). There were very few difficulties encountered during the survey, other
than two occasions when crab pot buoy lines tangled with the survey gear and broke the
signal connection at the towfish. The low frequency (100 kHz) mosaic is shown in
Figure 6. Darker areas represent a lower backscatter return (softer surfaces) while lighter
areas are higher backscatter values (harder surfaces). The area consists of a large region
of sand and mud mixture (dark) with large curving expanses of gravel and coarse sand.
Both the northern- and southernmost expanses of gravel / coarse sand are likely deposits
from the Yachats River (north) and Tenmile Creek (south). At the scale of the low
frequency mosaic, rock patches are not readily visible. The detail of the rock patches
becomes apparent in the high frequency (500 kHz) data at a magnified scale. Examples
of rock patches seen in the high frequency data are shown in Figure 7. We encountered
approximately 60 fairly low vertical relief rock patches. Patch composition was variable,
ranging from 1.6 ha benches to boulder-like fields to isolated 1 m2 rocks.
The relative size to the survey area contextually illustrates the small and isolated
nature of this type of rocky habitat (Figure 3). The estimated total area of rock patches
within the survey area was 0.07 sq. km.
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Figure 6. 100kHz side scan sonar mosaic of Cape Perpetua study area. Outlined areas were
later surveyed at 500kHz.
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(a)

(b)

(c)
Figure 7. Examples of 500kHz mosaic rock patches. (a) Fairly large slabs of rocky substrate
were common, dimensions (x,y) 30m x 100m. (b) Small and isolated boulders, each ~2m x 2m.
(c) Expansive boulder field, dimensions 250m x 20m.
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3.1.2 Siletz Reef
Prior to sidescan and multibeam sonar surveys, a visual assessment of Siletz Reef was
conducted. Relief at the northern Siletz Reef area was more dramatic in some spots than
originally anticipated. Massive structures (20m vertically, 10’s of meters across) covered
with the white rocky reef anenome Metridium giganteum were abundant in the shallow
area known locally as “Tacklebuster Reef”. The outer portions of the survey area
contained repeating ridges that ran from the southwest to the northeast, probably eroded
bedforms similar to McKenzie’s Reef near Port Orford (Fox, et al. 1999). Invertebrate
cover is dense and fairly “clean” on the high relief surfaces, unlike the Seal Rock region
south of Newport (Fox, et al. 1998) which has signs of sediment scour along rock edges
and a “coating” of detritus similar to our Cape Perpetua study site. These invertebrates
primarily include filter feeding organisms (both encrusting and solitary forms) such as
tunicates, sponges, clonal anemones, and corals. Aggregations of basket stars
(Gorgonocephalus eucnemis) were frequent, with densities as high as 1/ sq. m. on some
transects. The presence of this variety of filter feeding taxa suggests a productive and
current-dominated region.
The lower relief regions appeared similar to those at the Cape Perpetua site, with
asteroids and deposit feeders such as holothuroids in fair abundance. While many of the
typical finfish were seen along Boiler Ridge in fair abundance, the most abundant was the
spotted ratfish, Hydrolagus colliei, observed on the top portion of the ridge. Extremely
thick schools of what appear to be mostly females were aggregated halfway along the
transect at 40-45 m depth. These fish are typically found in deeper waters on the
continental shelf and slope in this part of their range. A shallow water aggregation seems
unusual, and deserves further investigation.
The sidescan survey area at Siletz Reef covered approximately 34 km2 (Figure 5).
Darker areas represent a lower backscatter return (softer surfaces) while lighter areas are
higher backscatter values (harder surfaces). The area is characterized by two large
regions of high amplitude (bright) backscatter visible in the image as deformed and
eroded rocky stratigraphy. From the sidescan sonar mosaics, the rocky outcrops appear
to exhibit significant local relief. Coarse locally eroded materials such as cobbles and
gravels are difficult to determine from the sidescan sonar image. However, the rough
textured bright areas interspersed among the ridges are likely composed of these, or a
mixture of these coarse materials. The surficial lithology of the Siletz Reef area quickly
transitions from rocky outcrop to sand, or sand and mud mixtures (dark) at the reef
margins.
The two rocky patches at Siletz Reef were surveyed with multibeam bathymetry
(Figure 8). The larger survey area in the north covers 26.5 km2, while the smaller south
area covers 7.5 km2. Multibeam data confirms the presence of significant topographic
relief over the rocky outcrops. We classify relief based on an evaluation of bathymetric
roughness within an 11 x 11 grid cell area (grid cell size = 2.4m). Bathymetric roughness
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is defined as the residual among maximum and minimum depths within an 11 x 11
neighborhood. We visually compared the bathymetric roughness classification to relief
information from video collected while using a remotely operated vehicle. A cut-off
value of 1.5 was chosen to mark the transition among low and high relief features based
upon this visual inspection. The bathymetric roughness grid was reclassified into two
bins representing low and high relief using the 1.5 cut-off value. The reclassified grid
was then converted to a vector (polygon) format shapefile (Figure 9).
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Figure 8. Multibeam sonar mosaic (100 kHz) of Siletz Reef.
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Figure 9. Multibeam sonar mosaic (100 kHz) of Siletz Reef with high relief areas in red.
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3.2 Perpetua Reef Results
3.2.1 Fish-Habitat Patch Size Analysis
The analysis of fish density by reef size revealed patterns of fish abundance and
distribution among the habitat patches. Table 3 summarizes the patch areas,
perimeter/area ratio and fish densities for the four patch size categories. There were
some statistically significant differences in densities among the four patch size classes for
the various species and groupings of fish, including total adult rockfish (P = 0.035), total
non-schooling rockfish (P = 0.002), and quillback rockfish (S. maliger) (P = 0.020).
Non-schooling rockfish in this study include all rockfish species observed except black,
canary, and juvenile rockfish. In each of the species/groups exhibiting significant
differences, densities in the “tiny” patch category were significantly lower that the other
three categories and the other three categories did not differ from each other. Small
patches appear to have relatively high densities of canary and black rockfish (Table 3),
though not significantly higher than the larger patches. The high density values result
from individual fish schools on the patches that span much of the patch, thus cover much
of the ROV transect. The apparent higher densities on smaller patches suggest that many
small patches can harbor more schooling rockfish than a single large patch of similar total
area. This observation warrants further study.
Linear regression results comparing species densities with patch area were nonsignificant. However, linear regressions between the species’ densities and
perimeter/area ratios were statistically significant for total non schooling rockfish (r2 =
0.35, P = 0.0076), quillback rockfish (r2 = 0.37, P = 0.0060), and kelp greenling
(Hexagrammos decagrammus) (r2 = 0.29, P = 0.019) (Figure 10). Both significant
(Figure 10a, b) and non-significant plots of density against either area or perimeter/area
ratio showed a similar pattern for all species except kelp greenling. The scatter of data
points on these plots appear to follow a threshold pattern rather than continuously
increasing or decreasing linear density values with patch size. In the typical pattern, fish
densities on all but the smallest patches (small patches have high perimeter/area ratios)
appear unrelated to patch size, while the smallest patches have zero or very low fish
density values (e.g., Figure 10a, b). Kelp greenling appear to follow a more progressive
linear relationship with patch perimeter/area ratio, with densities increasing as
perimeter/area ratio increases. This is consistent with our observation of relatively larger
numbers of kelp greenling on the smaller patches (higher perimeter/area ratio).
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Table 3. Mean and standard deviation (S.D.) values for habitat patch size parameters and
fish densities of the top 15 species observed for the four patch size categories
(untransformed data).

Variable

Large Patches
mean
S.D.

Medium Transects
mean
S.D.

Small Patches
mean
S.D.

Tiny Patches
mean
S.D.

Rocky Habitat
Patches
Area (m2)
Perimeter (m)
Perimeter/area ratio

6608
971
0.17

5415
617
0.08

783
193
0.24

219
66
0.04

220
73
0.34

61
17
0.04

48
29
0.71

26
9
0.28

18.3
12.4
10.0
3.8
0.0
0.1
0.0
3.3
0.0
0.6
1.3
5.9
0.7
1.6
0.2
0.1
0.3
0.2

11.9
4.8
4.3
3.4
0.1
0.1
0.0
3.3
0.1
0.4
0.5
9.4
0.5
0.9
0.2
0.1
0.3
0.1

29.3
22.7
18.1
3.2
1.3
0.5
0.0
6.5
0.2
0.4
1.9
6.6
1.7
2.0
1.0
0.0
1.0
2.9

25.2
16.6
12.4
7.1
2.8
0.6
0.0
1.5
0.5
0.2
1.5
9.1
1.8
1.7
2.1
0.0
1.4
5.7

47.6
40.0
33.3
14.9
0.0
0.4
0.0
11.6
0.2
2.7
6.0
7.5
0.7
1.2
0.0
0.0
0.3
1.9

43.8
30.3
29.0
29.0
0.0
0.8
0.0
13.5
0.5
4.6
2.7
15.0
0.8
1.7
0.0
0.0
0.7
3.2

29.8
23.9
9.5
0.0
0.0
0.0
0.4
9.5
0.0
0.0
11.5
6.0
2.5
0.0
0.0
0.0
0.0
0.0

30.1
21.7
21.1
0.0
0.0
0.0
0.8
21.1
0.0
0.0
16.0
11.8
3.3
0.0
0.0
0.0
0.0
0.0

Fish (#/100m2)
Total fish
Total adult fish
Total rockfish
Black rockfish
Blue rockfish
Brown rockfish
Cabezon
Canary rockfish
China rockfish
Copper rockfish
Kelp greenling
Juvenile rockfish
Lingcod
Quillback rockfish
Ratfish
Wolf eel
Yelloweye rockfish
Yellowtail rockfish
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Figure 10. Linear regression plots of rockfish density versus habitat patch perimeter/area
ratio.

31

The analyses summarized above demonstrated some patterns of fish abundance,
distribution, and species composition relative to the size of isolated reef patches. All of
the patches sampled would be considered small compared with large contiguous rocky
substrates at Siletz Reef and many other areas along the coast. The data clearly show that
these relatively small reef patches off Cape Perpetua hold high densities and diversity of
fish. All of the patches sampled had fish on them and all but the smallest patches had
several species of rockfish, often with several fish schools. In addition to the quantitative
analysis presented above, several qualitative observations provide insight into the
patterns of fish distribution. The benthic non-schooling rockfish species, including
quillback and copper rockfish (S. caurinus) appeared to be more associated with
relatively larger patches. Rockfish that appeared on the smaller patches included
schooling black, canary, and juvenile rockfish. All of the canary rockfish observed on
the video was relatively small, young fish that are often found at the 30 – 50 m water
depths of this survey. Of the species observed, lingcod (Ophiodon elongatus) and canary
rockfish appeared to have the greatest affinity for patch edges. Kelp greenling was the
most ubiquitous species, appearing on all but one patch sampled.

3.2.2

Fish-Habitat Analysis

Cluster analysis grouped the habitats into four clusters (Figure 11). Percent
species composition by habitat cluster revealed the dominant species by habitat (Figure
11). Juvenile rockfish were abundant in all clusters, and were the clear dominant in edgerock. Adjusted for habitat area, nearly 50% of all juvenile rockfish observed were in the
edge-rock cluster. Lingcod also appear proportionally higher in edge-rock than in other
habitat clusters. Black rockfish and juvenile rockfish were the dominant species in the
rock habitat types. Black rockfish schools were often observed in association with rocky
areas of high topographic relief. Adjusted for habitat area, approximately 66% of all
black rockfish observed were in the rock habitat cluster. Yellowtail rockfish were the
dominant species on the sediment habitat type, followed by juvenile rockfish and kelp
greenling. The apparent dominance of yellowtail rockfish was heavily influenced to one
large school (37 fish) observed over the sediment habitat type. Canary rockfish were the
clear dominant in edge-sediment habitat cluster, followed by kelp greenling. Most of the
canary rockfish observed were relatively small and young and often occurred in schools.
We often observed the schools over sand immediately adjacent to rock outcroppings.
The edge-sediment habitat cluster accounted for about 56% of the canary rockfish
observed.
Habitat cluster differences were further supported by an analysis of variance of
species' densities in the habitat clusters (Table 4). Of the species contributing more that
1% to the species composition, black, juvenile, quillback, copper, and yellowtail rockfish,
and lingcod exhibited significant differences in mean densities among the four habitat
clusters (Table 4). These results were generally consistent with the species composition
of the cluster groupings. For example, black and quillback rockfish were significantly
denser in the rock than sediment and edge clusters. Lingcod and juvenile rockfish were
significantly denser in rock and edge-rock than edge-sediment (Table 4)
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Figures 12, 13, and 14 show distribution of observations of selected
species with respect to rock, sand, and edge habitat. This provides an alternate method of
examining species-habitat relations. The occurrence of black rockfish over the rock
habitat and canary rockfish on edge habitat can be clearly seen on some of the transects
(Figure 12). For the most part, black and canary rockfish schools were spatially
separated from each other (Figure 12). Juvenile rockfish appeared on both rock and edge
habitats, with the largest schools over rock (Figure 13). Lingcod and kelp greenling were
distributed throughout the transects, but a preponderance of individuals appeared to
associate with edge habitat (Figure 14).
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Figure 11. Dendrogram from cluster analysis of six habitat types (letter codes explained in
Table 2), and percent species composition in each of the four resulting clustered habitat
classes.
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Table 4. Pair-wise comparisons of mean fish density differences between clustered
habitat clusters. One asterisk (*) refers to significant differences at the 95% level and
two asterisks (**) refer to significant differences at the 99% level. Results are based on
analysis of variance and Scheffe’s post-hoc tests to compare mean densities among the
four clustered habitat clusters.

Pair-wise comparison
Rock - Sed.
Rock - Edge Sed.
Rock - Edge Rock
Edge Sed. - Sed.
Edge Sed. - Edge Rock
Edge Rock - Sed.

Total
Black
Juvenile Lingcod Quillback
Total Fish Rockfish Rockfish Rockfish
Rockfish

**
**

**
**
*

*
**
*

**
*

*

*

35

**

**

**
**
**

Copper
Rockfish

Yellowtail
Rockfish

**
*
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Figure 13. Cape Perpetua reef complex showing bottom habitat types along three example transects
and the distribution of quillback and juvenile rockfish observations.
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Figure 12. Cape Perpetua reef complex showing bottom habitat types along three example transects
and the distribution of black, canary, and yellowtail rockfish observations.
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Figure 14. Cape Perpetua reef complex showing bottom habitat types along three example transects
and the distribution of lingcod and kelp greenling observations.
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3.2.3

Cape Perpetua Reef Inter-annual comparison

2002 surveys on Perpetua reef were designed to repeat transects from 2000 and
2001, and were also designed to repeat transects at intervals of several days to provide
insight into short-term and longer-term variability in species abundance and community
composition. However, initial surveys in 2002 revealed large numbers of dead fishes and
invertebrates. Subsequent investigation in collaboration with fishermen and OSU
scientists of the Partnership for Interdisciplinary Studies of Coastal Oceans (PISCO)
revealed that a substantial body of hypoxic waters had moved into the study area,
presumably from deeper offshore waters Grantham, et al. 2004. This event mandated a
change in data collection, and strongly influenced the inter-annual comparative view that
we develop here. We conducted a handful of transects in August 2002 documenting the
presence of dead organisms, and the near absence of live fish and marine invertebrates.
We returned in October 2002 to conduct more extensive transects, and in so doing
documented a recovery in progress on the rocky reef.
Fish densities by transect, sampled area, and rock patch area for 2000, 2001 and
2002 are listed in Table 5. Figure 15 compares species composition between 2000, 2001,
and 2002 with the exclusion of the juvenile rockfish category for clarity.
Table 6 summarizes the results of the two-way ANOVAs comparing species
densities from the seven transects that were surveyed in each of the three years. In a
comparison of twelve transects conducted in common in 2000 and 2001, only canary
rockfish exhibited significantly different density values at the 95% significance level
(p=0.002), displaying approximately a two-fold difference in density between the two
years. Power analysis applied to other species observed on the transects indicated that
sample means would need to differ by 50% to 150% in order to detect statistically
significant differences at the 95% level (based on a sample size of 12).
Including 2002 fish density data in the analysis presents a much different picture
as eight of the twelve species (or groups) show statistical differences in density, a change
that is underscored by the reduction in the number of transects included in the analysis (7
vs. 12). The densities were significantly lower in October 2002 than previous years, most
likely a result of the summer 2002 hypoxic event. The same analysis showed that
variability among transects did not contribute at the level of statistical significance.
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Table 5. Fish densities (# / 100 sq. m.) from 2000, 2001 and 2002 surveys on Cape
Perpetua. Fish categories are those used during video review. Rock patch size increases
from left to right.
Rock Patch ID
Patch Area (m2)
Transect Area (m2)

Black rockfish

1.4g
164.1
66.4
109

3b
178.1
93.5
59.9

1.4t
243.3
119.8
84

70.3

1.4

1.5

Sebastes melanops

1.4v
296.2
170.6
151.2

1.1d
695
225.4
176
260.79

1.3a
769.4
351.1
325.4
288.31

12.3

0.4

0.9

1.1c
843.1
246
244.7
182.9

1.1k
3a
1.4a
1102.9 2392.4 4798.3
468.6
311
548.8
376.9 685.4
961.8
289
502.13

1.3b
16106.8
1026.9
1260.8
1246.5
7.3

0.4

1.6

2.2

2.2

0.3

7.8

52.0

8.1

0.6

0.6

0.3

0.3

Blue rockfish

2a
4911.3
1014.9
841.3
625

2.8

2.0

S. mystinus

0.9

0.1
0.5

Brown rockfish

1.2

S. auriculatus

2.0

0.7

0.1
0.6

0.2

0.1

0.3

Canary rockfish
S. pinniger

1.1

2.0

0.1

8.3

11.1

9.8

1.1

7.3

2.8

0.3

1.5

0.7

0.9

34.1

16.4

8.4

6.5

7.5

9.5

0.3

4.9

3.5

0.8

1.2

0.3

1.0

0.4

1.7

China rockfish
S. nebulosus

1.1

1.3

Copper rockfish

2.5

2.3

S. caurinus

10.9

1.6

0.1

0.7

0.3

1.6

0.4

0.5

0.6

0.7

0.3

Juvenile rockfish
Sebastes spp.

36.2

10.2

0.9

6.4

0.4

23.2

1.5
5.4

3.5

2.4

Kelp greenling

3.0

Hexagrammos decagrammus

6.3

Lingcod

10.5

1.0

2.0

Quillback rockfish

0.5

0.3

0.2

0.2

0.2

12.2

4.4

26.0

1.5

0.1

0.4

0.2

0.1

2.9

4.0

0.3

0.8

0.4

3.5

1.3

1.7

1.1

9.4

4.5

1.1

0.9

0.9

1.8

1.9

1.9

0.6

0.4

0.2

0.2

1.7

5.3

2.2

0.9

2.0

0.4

1.6

1.6

0.4

1.2

0.7

1.4

0.5

1.8

0.5

0.5

0.8

0.4

0.2

0.5

0.6

1.4

4.5
4.1

1.6

1.3

0.6

5.3

1.1

0.6

1.1

0.9

0.9

5.2

0.4

0.9

3.0

0.7

2.5

1.5

1.4

0.4

0.3

Wolf-eel

0.4

0.6

0.4

Anarrhichthys ocellatus

0.3

Yelloweye rockfish

0.8

S. ruberrimus

1.6

0.3

0.3

1.9

Yellowtail rockfish

19.2
1.1

8.0

1.2

0.4

0.3

14.8

0.4

1.2

4.9

4.5
1.5
4.8
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0.1
0.7

0.4
0.7

S. flavidus

14.7

2.7

0.4
S. maliger

0.1

0.8

4.2

0.3
Ophiodon elongatus

0.4

0.3

0.2

0.3

0.2

0.1

0.4

0.2

0.2

1.3
0.4

1.8

Year
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002
2000
2001
2002

35.0
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2002
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Fig. 15. Percent species composition comparing 2000, 2001 and 2002 surveys for seven
transects that were conducted each of the three years.

Table 6. Mean densities (back transformed from log-transformed data) and p values for
2-way ANOVAS comparing 2000, 2001 and 2002 data by species or groups and transects
for seven transect triads on Perpetua Reef.
Back-transformed mean densities (#/100 m2)
2000
2001
2002
p (years) p (transects)
Total fish
17.62
18.27
3.00
0.004**
0.580
Total Adult Fish
14.18
11.68
2.77
.0037**
0.552
Total Adult Rockfish
11.58
8.08
1.91
.0055**
0.658
Black Rockfish
0.98
1.28
0.17
0.103
0.086
Canary Rockfish
5.06
2.43
0.55
0.001**
0.078
Copper Rockfish
0.47
0.33
0.09
0.103
0.671
Kelp Greenling
1.48
1.15
0.15
0.001**
0.081
Juvenile Rockfish
2.35
6.56
0.29
0.013*
0.459
Lingcod
0.80
1.14
0.22
0.023*
0.987
Quillback Rockfish
1.81
1.45
0.22
0.004**
0.378
Yelloweye Rockfish
0.29
0.17
0.16
0.803
0.873
Yellowtail Rockfish
0.96
0.83
0.54
0.839
0.567
* significant at p<.05
** significant at p<.01
Species or Group
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3.3 Cape Perpetua Reef Discussion
The comparison of three years of Cape Perpetua surveys represents our first
efforts at understanding temporal variation of nearshore reef rockfish using ROV data.
Understanding the persistence of species from year to year and variation on shorter time
scales is essential to developing ROV techniques in surveying fish abundance on reefs.
The similarity in species composition between the years suggests that even on the
relatively small reef patches of Cape Perpetua, use of the habitat by rockfish and other
species is persistent. Only the schooling species with known high mobility varied
between the years, with only one species, canary rockfish exhibiting statistically
significant differences. Canary and yellowtail rockfish generally occupy the depths
typical of Cape Perpetua only as young fish, and move offshore to deeper waters as they
age and grow (Lea, et al. 1999). Future work will examine seasonal variation on reefs
and sampling variation on shorter time scales such as day to day or tidal to more fully
understand both the temporal variation in habitat use, and types of variation inherent in
ROV sampling.
Several researchers have used visual fish survey methods to examine fish-habitat
associations (Hixon, et al. 1991; Stein, et al. 1992; O'Connell and Carlile 1993; Richards
1986; Matthews 1990a; Matthews 1990b; Krieger 1992a; Krieger 1992b; Murie, et al.
1994; Yoklavich, et al. 1999; Karpov, et al. 2001; Amend, et al. 2001; Nasby-Smith, et
al. 2002). Recent work using submersibles and ROV’s on the west coast, including our
surveys, has used a system of habitat classification based on seafloor composition and
morphology (Hixon, et al. 1991; Stein, et al. 1992; Yoklavich, et al. 1999; Karpov, et al.
2001; Fox, et al. 1996; Fox, et al. 1998; Fox, et al. 2000; Amend, et al. 2001; NasbySmith, et al. 2002). Although this system provides an excellent description of the
seafloor, and there are some statistically definable associations among fish and bottom
characteristics, there are other physical seafloor characteristics not included in the
classification that appear to influence fish distribution. For example, using data derived
from multibeam sonar in 1999, we found a relationship between rockfish abundance and
high relief habitat patches defined in terms of patch surface area and density (Fox, et al.
1999). At Cape Perpetua, a reef area consisting of numerous small disjunct rocky patches
scattered among a sand and gravel seafloor, we found a relationship between habitat
patch size and rockfish species composition and abundance (Fox, et al. 2000). Although
both of these studies represent site-specific findings and need to be tested in other areas,
they do point to the need to examine spatial seafloor characteristics beyond a simple
description of bottom composition and morphology.
A spatial attribute of habitats not usually included in the traditional classification
system is the transition or edge between seafloor types. In our previous observations, we
have noticed certain fish species appear to be associated with the interface between rock
and sand. Hixon (1991), using a submersible in deeper waters off of Oregon, found that
greenstripe rockfish are associated with rock-mud interfaces. We used Cape Perpetua
reef to test if certain species in nearshore reefs are associated with habitat edges. We
found a clear association of canary rockfish to the rock-sand interface, appearing most
often over the sand, rather than rock (Figures 11 and 12). Lingcod also showed an
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increased abundance at the interface (Figures 11 and 14). Although present in all
habitats, juvenile rockfish also showed increased frequency at the interface (Figures 11
and 13). Black rockfish, on the other hand, appeared to favor the interior portions of rock
habitat (Figures 11 and 12). Our notion of examining edge environments came from
observations we made while conducting transects. This underscores the value of visual
observation data in formulating hypotheses and examining relationships that would not
be apparent with non-visual sampling techniques.

3.4 Siletz Reef Results
3.4.1 Coarse Resolution - Fish-Habitat Associations
The most abundant species in the survey was black rockfish making up 23% of
the total fish abundance. Blue rockfish, kelp greenling and juvenile rockfish followed at
14%. Canary rockfish and lingcod each made up approximately 9%, with yellowtail
rockfish at 3%. Other species that occurred only rarely and less than 3% of the total are
China rockfish, copper rockfish, yelloweye rockfish, quillback rockfish, skates, sculpins,
ratfish and flatfish. These rarely occurring species were excluded from the analyses, with
the exception of yelloweye rockfish.
The interactive effect of depth and relief was not significant for the species tested. When
testing for only depth, black rockfish was the only species that showed a significant
difference (p=0.0044) (Figure 16). Descriptive statistics for fish density by depth are
presented in Table 7.
The effect of bottom relief was much more notable. Fish density was significantly
higher in high relief habitats for blue rockfish, kelp greenling, juvenile rockfish, total
rockfish and schooling fish, (p<0.05) (Figure 17). Canary rockfish, yelloweye rockfish
and yellowtail rockfish had higher densities in low relief habitat than in high relief
habitat, though not significant. Descriptive statistics for fish density by relief are
presented in Table 8.
The reclassification of seven transects for habitat relief resulted in minor
differences in the results of the analysis. The interactive effect of depth and relief was
significantly different for black rockfish for the original transects, but not significantly
different for the re-classified transects. No other species showed a difference in these
results, however, mean densities and standard deviations varied slightly for all species.
The absence of any real affect of reclassifying transects on statistical analyses may be
explained by the fact that even though seven transects were reclassified, the resulting
number of high relief transects only decreased by one and the resulting number of low
relief transects remained the same. Although differences were minor, the resolution at
which habitat relief is delineated for the purpose of designing habitat-dependent fish
surveys should be considered in the planning of future ROV surveys. In this survey, the
coarse scale habitat delineation was valid for survey design.
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Figure 16. Graph of densities in deep and shallow water on Siletz Reef. Error bars denote
standard deviation.
Table 7. Descriptive statistics for fish species and groups in deep (30-60 m) and shallow
(5-30 m) water on Siletz Reef. Bold type indicates significant difference at p < 0.05.
Deep Water (n=21)
Fish Species or
Group
Benthic fish
Schooling fish
Total fish
Juvenile rockfish
Total rockfish
Black rockfish
Blue rockfish
Canary rockfish
China rockfish
Copper rockfish
Kelp greenling
Lingcod
Quillback
Yelloweye
Yellowtail

Mean Density
(no. fish / 100m2)
1.034
1.439
2.908
0.352
2.556
0.239
0.697
0.355
0.003
0.036
0.397
0.251
0.042
0.003
0.148

Shallow Water (n=18)
Std. Dev.
0.532
1.463
1.842
0.483
1.689
0.529
1.106
0.335
0.012
0.058
0.293
0.178
0.074
0.012
0.377
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Mean Density
(no. fish / 100m2)
0.839
1.553
3.165
0.529
2.636
1.172
0.116
0.234
0.01
0
0.441
0.285
0.003
0.0015
0.031

Std. Dev.
0.614
2.066
3.395
1.258
2.549
1.505
0.184
0.569
0.031
0
0.36
0.251
0.013
0.041
0.06

p- value

0.0054
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Figure 17. Graph of fish densities in high and low bottom relief on Siletz Reef. Error bars
denote standard deviation.

Table 8. Descriptive statistics for fish species and groups at high and low bottom relief on
Siletz Reef. Bold type indicates significant difference between high and low relief at p<
0.05.
High Relief (n=18)
Fish Species or
Group
Benthic fish
Schooling fish
Total fish
Juvenile rockfish
Total rockfish
Black rockfish
Blue rockfish
Canary rockfish
Kelp greenling
Lingcod
Yelloweye
Yellowtail

Mean Density
(no. fish /100m2)
0.993
2.111
4.116
0.786
2.227
1.037
0.741
0.297
0.552
0.284
0.006
0.036

Low Relief (n=18)
Std. Dev.
0.527
2.089
3.149
1.223
2.180
1.494
1.136
0.558
0.329
0.204
0.018
0.13
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Mean Density
(no. fish / 100m2)
0.915
0.874
1.956
0.080
1.026
0.339
0.087
0.302
0.292
0.247
0.011
0.157

Std. Dev.
0.634
1.115
1.517
0.111
1.240
0.624
0.194
0.356
0.277
0.230
0.038
0.396

p-value
0.022
0.001
0.038
0.048
0.009
0.012

3.4.2. Fine Resolution – Fish-Habitat Associations
Graphical comparison of total fish density by habitat type shows the relative
importance of different habitats for the reef fish community as a whole (Figure 18). The
highest total fish density occurred in crevice habitat at 57 fish / 100m2 and was
dominated by schooling species. It was not unexpected that fish density in crevices would
be inflated merely due to the limited space within a crevice and the resulting small area
(m2) by which density is calculated. Large boulder habitat and sloping high relief habitat
had the next highest total fish densities at 7 fish /100 m2 and 6 fish /100m2, respectively.
Small boulder, cobble, gravel and level high relief had similar fish densities ranging from
1.8 and 2.4 fish /100m2. Sand and low relief/level bedrock had the lowest fish densities at
< 1 fish/100m2.
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Figure 18. Total fish density by habitat type. Fish density for crevice habitat exceeds
scale of graph at 57 fish/100 m2.
Graphing individual species by habitat type provides a unique look at species
diversity within a habitat. The greatest number of species occurred in high relief habitats
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(Figure 19). Some species were more prevalent than others in a given habitat. Large
boulder habitat was dominated by black rockfish at 46 % of the total fish. Small boulder
habitat was dominated by kelp greenling at 28%. Cobble habitat was dominated by
canary rockfish at 50%. Gravel habitat was dominated by black rockfish and lingcod at
54 % and 23 %, respectively. Sand habitat was dominated by canary rockfish at 45 %.
Level bedrock-low relief was dominated by lingcod and kelp greenling at 37% and 27%,
respectively. Slope bedrock-high relief was dominated by blue rockfish and black
rockfish at 38% and 30%, respectively. Crevice habitat was dominated by black rockfish
and blue rockfish at 61% and 22%, respectively.
We also examined habitat selectivity and habitat diversity for each species (Figure
20). This was a qualitative approach and not supported by statistical analyses. Some
species densities were notably different between habitats, while others show relatively
little difference. For example, black rockfish, blue rockfish and juvenile rockfish
densities showed the greatest difference between habitat types, while kelp greenling and
lingcod were more evenly distributed among habitat types. Black rockfish density was at
least twice as high (3 fish/100 m2) in large boulder habitat than other habitat types, and
relatively high in sloping bedrock-high relief habitat (1.7 fish/100 m2). Few or no black
rockfish were observed in the low relief habitats of cobble, sand or level bedrock-low
relief. Blue rockfish density was remarkably high in crevice habitat (13 fish/100 m2),
though inflated by the low area for crevice habitat, as discussed earlier. Blue rockfish
densities were notably higher (1.3 fish/100 m2) in both high and low relief slope bedrock
compared to other habitats. No blue rockfish were found in the low relief habitats of
cobble, gravel or sand. Canary rockfish were found in all habitat types and densities were
not markedly different between habitats, though they were highest in large boulder and
cobble habitats (0.8 and 0.3 fish/100m2). Juvenile rockfish densities were notably high in
large boulder and slope bedrock- high relief habitats (1.0 and 1.3 fish/100 m2,
respectively). Juveniles were low by comparison in low relief habitats. Kelp greenling
densities did not vary greatly among most habitats, though large boulder and slope
bedrock-high relief had the highest densities. Lingcod occurred in all habitat types and
densities were fairly consistent. Yelloweye rockfish occurred on the 4 bedrock habitats,
though densities were very low. Yelloweye rockfish did not occur on other habitats.
Yellowtail densities were low throughout but occurred primarily in high relief habitat
types.
Spatial distribution of species among habitat types is presented in Figures 21
through 27. Canary rockfish exhibit a spatial distribution similar to that described in
previous surveys at Perpetua Reef (Fox, et al. 2000, Fox et al., 2001). Canary rockfish are
know to be a schooling species and this is apparent upon visual examination of their
spatial distribution along transect lines (Figure 21). It was not uncommon to see up to 4
fish within a one-second observation frame or to see several fish consecutively along the
transect. Also similar to previous findings is canary rockfish’s affinity toward habitat
edges. In the map, canary rockfish are shown frequently occurring at or near the
transition point between two habitat types, with cobble being the predominant habitat
type.
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Figure 19. Graph of habitat types on Siletz Reef with species density among each habitat type. Density values above Y-axis are noted
where appropriate.
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Black rockfish are also a schooling species, and in this survey there were more
individuals in a school of black rockfish than a school of canary rockfish. The spatial
distribution of black rockfish clearly shows their tendency to school. Black rockfish
display a strong association to boulder and high relief-sloping habitats (Figure 22.) Blue
rockfish, also a schooling species is shown associated with both high and low relief
sloping bedrock (Figure 23).
Lingcod were fairly evenly dispersed across multiple habitat types (Figure 24). In
the 2002 survey at Perpetua Reef lingcod showed preference for the habitat rock-sand
interface. Although some lingcod in this study were observed at the rock-sediment
interface, it does not appear to be the prevailing spatial distribution. Kelp greenling
displayed the most spatial separation between individuals of all species, about one fish
every few meters (Figure 25).
Juvenile rockfish were relatively abundant on a few transects and much less so on
most other transects (Figure 26). Where they were in high abundance, their spatial
distribution was often clustered. From this map it appears that juveniles are associated
with large boulder and sloping high relief habitats.
Yellowtail rockfish appeared to be fairly clustered along transects (Figure 27). A
few large schools are responsible for the majority of yellowtail rockfish in this survey.
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Figure 21. Spatial distribution of canary rockfish and bottom habitat features
along ROV video transects on Siletz Reef. Number of fish represent count per second
of video observation. Transects are overlayed upon sidescan image of Siletz Reef.
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Figure 22. Spatial distribution of black rockfish and bottom habitat features
along ROV video transects on Slietz Reef. Number of fish represent count per second
of video observation. Transects are overlayed upon sidescan image of Siletz Reef.
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Figure 23. Spatial distribution of blue rockfish and bottom habitat features
along ROV video transects on Slietz Reef. Number of fish represent count per second
of video observation. Transects are overlayed upon sidescan image of Siletz Reef.
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Figure 24. Spatial distribution of lingcod and bottom habitat features along ROV
video transects on Slietz Reef. Number of fish represent count per second
of video observation. Transects are overlayed upon sidescan image of Siletz Reef.
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Figure 25. Spatial distribution of kelp greenling and bottom habitat features
along ROV video transects on Slietz Reef. Number of fish represent count per second
of video observation. Transects are overlayed upon sidescan image of Siletz Reef.
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Figure 26. Spatial distribution of juvenile rockfish and bottom habitat features
along ROV video transects on Slietz Reef. Number of fish represent count per second
of video observation. Transects are overlayed upon sidescan image of Siletz Reef.
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Figure 27. Spatial distribution of yellowtail rockfish and bottom habitat features
along ROV video transects on Slietz Reef. Number of fish represent count per second
of video observation. Transects are overlayed upon sidescan image of Siletz Reef.
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3.4.3

Siletz Reef Inter-annual Comparison

Figure 28 compares species composition between 2001 and 2002 for species
contributing 1 percent or greater. Black rockfish, and the grouped juvenile rockfish were
the largest contributors to the overall species composition in 2001. In 2002, blue rockfish
and juvenile rockfish were the major contributors. Black rockfish, juvenile rockfish and
ratfish occurred in higher proportions in 2001 compared to 2002. Blue rockfish, kelp
greenling and lingcod occurred in higher proportions in 2002 compared to 2001. Canary
rockfish, yellowtail rockfish and grouped flatfish occurred in approximately the same
proportions between the two years.
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Figure 28. Percent species composition on Siletz Reef comparing 2001 and 2002.

Table 9. summarizes results of the paired t-tests comparing species densities in 2001 and
2002. Fish density between consecutive years did not differ significantly for the species
tested, with the exception of lingcod. Lingcod density had a two-fold increase in 2002
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from 2001 (α = 0.05) (p=0.005). Fish densities for the total fish category as well as for
canary rockfish exhibited little difference between years.

Table 9. Mean fish densities for selected species and p values for t-tests comparing 2001
and 2002 data by species and groups for Siletz Reef.
2001

2002

Fish Species
or Group
Total Fish

Mean Density
(no./100m2)
3.492

s.d.

Black Rockfish
Blue Rockfish

s.d.

p value

2.698

Mean Density
(no./100m2)
3.571

2.937

0.977

0.816
0.385

0.983
0.602

0.535
0.636

0.935
1.033

0.376
0.499

Canary Rockfish

0.163

0.184

0.178

0.254

0.936

Juvenile Rockfish

0.450

1.065

0.880

1.824

0.382

Kelp Greenling

1.003

2.177

0.544

0.339

0.630

Lingcod

0.169

0.145

0.361

0.215

0.005*

Quillback Rockfish

0.020

0.039

0.007

0.026

0.278

Yelloweye
Rockfish
Yellowtail Rockfish

0.005

0.014

0.003

0.013

0.279

0.029

0.091

0.013

0.041

0.552

3.4.4 Siletz Reef Discussion
Fish-habitat associations were examined at two habitat scales or resolutions, the
coarser resolution being based on topographic relief and the finer scale being based on
specific substrate types. Associations between fish species and habitats can be discerned
by either approach but with obviously different results.
The coarse scale analysis showed that black rockfish, blue rockfish, juvenile
rockfish and kelp greenling were more strongly associated with high relief habitats than
low relief habitats. This was clearly supported by the fine scale analysis for all but kelp
greenling. Black rockfish, blue rockfish and juvenile rockfish had notably high densities
in the 6 fine scale high relief habitat types (large boulder, crevice, vertical and 3 of the 4
bedrock habitats) and comparatively low densities in most or all low relief habitat types
(small boulder, cobble, gravel, etc.) For kelp greenling, however, the fine scale analysis
did not clearly demonstrate that these fish were not also associated with low relief
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habitats. Kelp greenling exhibited somewhat more uniform distribution across several
habitat types than the other high relief species mentioned above.
Results for yellowtail rockfish are somewhat misleading. The coarse scale
analysis resulted in no significant difference between high and low relief habitats, with
slightly higher mean density in low relief habitat. But in the fine scale analysis, it is
apparent that more fish and higher fish densities occur in the habitat types synonymous
with high relief. This disparity may be partially explained by the fact that some low relief
transects have sections of high relief, Though this only amounts to a small percentage of
the transect area it can profoundly affect the results for a schooling species associated
with high relief habitats. In fact, upon visual examination of low relief transects we see
yellowtail rockfish congregating on these small sections of high relief habitat. Fish
density would then be high for that transect. This disparity may also be an artifact of the
sampling design which relied on a lower resolution of habitat delineation to classify
habitat relief and would be true for other species as well. The fact that yellowtail rockfish
were less abundant (60 fish total) than other species, may also influence the results.
Canary rockfish were not shown to be significantly different between high and
low relief habitats in the coarse scale analysis. But the fine scale analysis reveals that
some habitat types are more important than others. Canary rockfish showed a strong
association with large boulder as well as cobble habitats, high and low relief,
respectively. For this species, the rock structure itself may be more important than
whether bottom relief is high or low. Statistical analysis is needed to more confidently
assess any correlation, but nevertheless, this type of information would be useful in a
habitat-based management decision for canary rockfish.
There are advantages to discerning habitat features at both coarse and fine
resolutions. The coarse scale approach offers the ability for quick reconnaissance of reef
habitats and facilitates general predictions about how fish species might be distributed
among reefs. It also facilitates planning fish surveys in the general areas desired. The fine
scale approach provides a very detailed look at how fish species are associated with
micro-habitat features and the relative importance of those habitats to each species. With
additional ROV fish and habitat surveys, it may be possible to develop abundance
estimates of fish by habitat type. And delineating habitat types using both coarse and fine
scale approaches will allow for quantifying habitats. These two important pieces of
information can then be applied to modeling species distribution and abundance on other
nearshore reefs and providing managers with a very powerful tool for managing
nearshore reef fish.
The comparison of two years of Siletz data facilitates a cursory examination of
temporal variation on this reef. The presence/absence of species was similar between
years with the exception of ratfish, which accounted for 6% of the species composition in
2001, but was absent in 2002. Percent species composition was similar between years for
most species, with the exception of blue rockfish and black rockfish where a two-fold
difference was observed.
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4. General Discussion
The growing importance of fisheries based on nearshore rocky reefs highlights the
need for fishery independent indices of abundance in these habitats. These habitats, and
the fishery resources inhabiting them, are not amenable to the wide-area trawl and
acoustic surveys that are used successfully in assessing other groundfish resources.
Consequently, the ODFW Marine Resources Program has been working toward
developing needed information based on the integration of habitat mapping through sonar
surveys, and truthing this information and enumerating fishes with visual surveys. The
specific focus of this project has been to investigate whether there are differences in fish
density between a heavily fished rocky reef and relatively unfished rocky reef.
Habitat-based visual fish surveys make use of two types of sonar for habitat
mapping and characterization. Side-scan sonar provides information on bottom texture
and substrate type that allows delineation of the extent of rocky areas. Multibeam sonar
provides detailed information on vertical relief. Information from both methods is
valuable in mapping otherwise unknown reefs and provides a basis for establishing a
sampling plan for visual fish surveys. This sonar mapping and characterization effort
established the existence of significant physical and structural differences between the
two reef areas selected for this study. The northern portion of the Oregon coast from the
Columbia River south to the Siuslaw River consists of a series of rocky headlands
punctuated by short stretches of sandy beach. The nearshore subtidal habitats in the same
range are also made up of a mosaic of sandy and rocky habitat features. The relative
contributions of rock and sediment in constituting rocky reefs are unknown until mapped,
and our mapping efforts resulted in surprising insights. For example, while we expected
Siletz reef to be dominated by rock, which it is, sonar mapping also revealed surprisingly
large areas of sand interspersed in the rock structure. Similarly, mapping of Perpetua reef
provided surprises of an inverse nature, rather than large expanses of rock, we found that
Perpetua reef consists of numerous rock ‘islands’ of diverse size protruding out of a
matrix of sand.
These differences in physical characteristics between the reefs strongly influenced
the nature of hypotheses that were amenable to testing in the two locations. The original
objective of this study was to compare the abundance and community structure of a
heavily fished and a lightly fished reef at comparable depth and latitude. Overall, fish
densities estimated on Perpetua reef were an order of magnitude higher than those
estimated on Siletz reef for several species (i.e., canary rockfish, lingcod, yelloweye
rockfish and quillback rockfish) and for all species combined. However, the pronounced
differences that we noted in the structure and distribution of rocky habitat on these reefs
prevent us from drawing a clear conclusion that these differences are due to fishing
pressure.
On Perpetua reef, the we focused on the influence of rocky patch size, and the
relative densities of fishes found on patches of different sizes, and in ‘edge’ habitat. We
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are able to show clearly that rock patch size influences the density of some species in the
groundfish community, and also that some species have an affinity for sediment-rock
interfaces, or ‘edges’ (Table 3).
On Perpetua reef, repeated transects in 2000, 2001 and 2002 also allowed us to
investigate inter-annual variability. Twelve matched transects between 2000 and 2001
suggested very little inter-annual variability. However, the appearance of a hypoxic zone
in the summer of 2002 greatly altered the groundfish community, and forced the
alteration of our study plans. The groundfish community was substantially different in
2002 (Table 3), though there were signs of recovery later in the year when we conducted
our second set of transects.
On Siletz reef, we selected transects on rocky areas based on side-scan sonar
results, and focused on comparisons of fish densities at different depths, and in areas of
high vs. low relief rock. (Table 8). Again, we were able to show that some species
clearly are more abundant in areas of high relief compared to low relief.
This comparative evaluation of distinct rocky reef areas has clearly demonstrated
the value of visual surveys in ascertaining fish densities and abundance on reef habitats.
This work is not without its challenges however, including the limited area that can be
surveyed using an ROV, the time that it takes to process and analyze the resulting data,
and the fact that some species, such as sculpin, are cryptic and are poorly sampled using
visual methods.
Further investigation into temporal and spatial variability on rocky reef systems is
needed to strengthen our understanding of fish stocks on these reefs and to strengthen our
confidence in visual surveys as a fish enumeration method. Intra-annual (season to
season) variability likely will be particularly important to our understanding of fish stock
on rocky reefs. However, visual surveys at other times of year may be difficult to
accomplish due to weather and sea-state conditions, and visibility conditions once in the
water. We feel that our efforts to refine visual survey methods as a tool would benefit
from complementary investigations including short-term telemetry studies of selected
individuals of reef-inhabiting species, and possibly observations from periodic
photographs taken by fixed cameras.
Refining the analytic methods of visual-survey information is an equally
important area of attention to establish the reliability of visual surveys as an assessment
tool. In our investigations, the transect is the sampling unit. Transects are selected based
on sonar data, and the resulting coarse resolution habitat typing. Video review permits
evaluation of habitat features on a much finer scale, and serves as a method of ‘groundtruthing’ the habitat delineation of the sonar data. However, attempting to match finescale habitat characterization from repeated transects on Siletz Reef results in some
disparities. These may be due to spatially small-scale (1 – 5 m) variability in habitat
characteristics, error in ROV positioning on approximately the same scale, or observer
error in the process of reviewing video tapes and delineating habitat data. We are not
able to resolve the questions of small-scale variability and location error with the datasets
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we have collected to date. We do intend to review past survey videos to test the
hypothesis of observer error. We will also be adding an altimeter to the ROV
instrumentation that will enable us to more quantitatively characterize habitat types, thus
removing some potential observer biases in video review.
These disparities underscore to us the importance of identifying the appropriate
scale of habitat characterization to use in the analysis of fish-habitat associations in visual
transects. Identification of the appropriate scale for analysis is critical to the next
challenge in visual surveys as a stock-assessment tool: expanding area-estimated
densities from transects to estimates of abundance over an entire reef complex. We are
confident that these questions can be successfully addressed through return visits to
previously sampled reef areas.
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