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1. INTRODUCTION/OVERVIEW 

1.1 Resources of Interest 
The resources of interest are the demersal and water column organisms in and around the Project area, 
which is located south of Yaquina Bay on the central Oregon coast. The entire Project area is within 
designated critical habitat for green sturgeon and is Essential Fish Habitat (EFH) for groundfish, coastal 
pelagics, Pacific salmon, and highly migratory species. Benthic sampling around both PacWave South 
(formerly known as Pacific Marine Energy Center South Energy Test Site [PMEC-SETS] and PacWave 
North (formerly known as Pacific Marine Energy Center North Energy Test Site [PMEC-NETS]) indicate 
substrate composition on the mid to inner shelf along this section of the Oregon coast consists of 
medium to coarse sand with larger grain sizes found with increasing depth (Henkel 2014), switching 
again to smaller grain sizes on the western boundary of the PacWave South Project Site. Thus, while the 
habitat in the Project area is EFH, it also is highly common and abundant on the Oregon central coast. 
The groundfish assemblages in this area are typical for sedimentary (sand and/or mud) areas on the 
Oregon mid to inner shelf. Comparisons of beam trawl collections from PacWave North, and surveyed 
areas off Reedsport and north of Coos Bay showed that benthic species assemblages differed more by 
depth than they do by collection location. This indicates that the PacWave South area is likely not a 
unique area for benthic fish species in Oregon.  

Additional resources of interest include fishery limiting species such as overfished, sensitive, 
threatened, endangered, or strategy species. ODFW identified Dungeness crab, salmonids, rockfish and 
forage fish as species groups of interest to ODFW management. 

1.2 Potential Effects/Issue Summary 
The subsea cables, subsea connectors, and anchors would result in both temporary and long-term 
alterations of benthic habitat in the Project area. Temporary disturbances may be recurring at various 
intervals over the 25-year term of the project if anchors and other bottom components are removed 
and re-installed for different devices under test.  

The WECs and mooring lines in the water column may serve as fish attractants as they will provide 
shelter and colonization structures as have been observed on other structures in the sea (Claudet and 
Pelletier 2004, Wilhelmsson et al. 2006, Seaman 2007, Langhamer and Wilhelmsson 2009, Langhamer 
et al. 2009), particularly providing habitat for structure-oriented fishes, such as rockfish (Danner et al. 
1994, Love and Yoklavich 2006). Components higher in the water column or near the surface may 
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particularly attract juvenile fishes. Recruitment production of midwater habitat at oil platforms was 3.7 
times as much as on natural reefs, possibly due to increased settlement opportunity (Claisse et al. 
2014) and settlement stimulus provided by high vertical profile platform structure (Love et al. 2006). 
Similarly, most of the fish present at wind farms offshore Europe (i.e., Atlantic cod, pouting) are 
juveniles (Reubens et al. 2014). These effects may be limited to a small number of species as at the 
Lillgrund wind farm where no major effects on demersal fish diversity and abundance were detected as 
compared to reference areas (Bergström et al. 2013), although some common species were detected in 
higher densities near the foundations. A research question remains whether fish will just be re-
distributed from nearby areas or if the increased habitat will result in increased local productivity 
(Pickering and Whitmarsh 1997, Brickhill et al. 2005). For some species groups, there is the potential for 
a negative effect on local populations if there is enhanced predation or fishing pressure due to the 
aggregation effect (Wilhelmsson 2012). 

In addition to fishes, some benthic invertebrates may be attracted by the conversion of habitat or be 
affected by reduced fishing effort and/or changes in predation. Rock crabs may be attracted to 
structure as observed around oil platforms in southern California, although the effect varies by species. 
Using baited traps immediately underneath oil platforms versus 200 m away in soft sediment, for 
Cancer antennarius and C. anthonyi there was a positive effect of the platform on abundance, while for 
C. productus and Loxorhynchus grandis, there was no effect of location (Page et al. 1999). In regards to 
sex ratios, the proportion of male rock crabs at the reference stations was not different than 0.50, while 
the proportion of males trapped under the platform was 0.34 for C. antennarius and 0.10 for C. 
productus, indicating fewer males of these species utilizing the platform-associated habitat. Page et al. 
(1999) also tagged 780 crabs at the platforms. Recapture rates were low (0.9 – 3.1 %) for all species at 
the platforms, while local fishermen working up to 8 km away from the platforms returned 2.9 % of the 
C. anthonyi tags. This suggests that while rock crabs may be attracted to the structures, they still 
maintain large foraging/home ranges. Additionally, structure does not seem to be a barrier to crabs as 
remotely operated vehicle (ROV) surveys of a pair of 25.4 cm diameter, 46 km long gas pipelines 
crossing Georgia Straight (Vancouver Island Pipeline) taken at three intervals over the first 10 year 
period following construction showed box crab and red rock crab actively crossing the pipes, and 
crustaceans such as prawns and shrimp appeared to be strongly attracted to the habitat created by the 
pipe in soft sediment (Glaholt 2008). 

Adult Dungeness crabs are opportunistic, carnivorous feeders that primarily consume bivalves, fish, and 
shrimp as well as other small invertebrates by excavating prey from the sediment (Rasmuson 2013; 
Gotshall 2005). As such, they may be attracted to areas of sediment disturbance and/or structure that 
could provide feeding opportunities. During video reconnaissance at the 76 cm diameter, 1.5 km long 
Bazan Bay pipeline in Canada, Dungeness crab were observed feeding on epiphytic algae growing on 
the pipe exterior, actively crossing the pipe, buried in substrate immediately adjacent to the pipe, as 
well as in sediments up to the outer limit of the 15 m sample transect length perpendicular to the 
pipeline (Glaholt 2008). While we are not aware of studies that have directly tested Dungeness crab 
attraction to structure relative to soft-sediment habitats in the NE Pacific, a number of tagging studies 
have been carried out in the region to assess Dungeness crab movement patterns. These studies can be 
used to assess the potential for crabs to range in and out of the Project Site. The smallest estimates of 
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movement are reported from Fritz Cove, Alaska. Estimated movement ranged from 2.13 to 7.24 km for 
males and 0.38 to 4.23 km for females, although no female crabs left the bay, which necessarily limited 
their potential range (Stone and O’Clair 2001, 2002). In British Columbia, Smith & Jamieson (1991) 
estimated that after one year of random dispersal, in the absence of geographical boundaries, 95% of 
males and females would be within radii of 9.5 and 13.9 km, respectively, of the point where they were 
one year previous. In a California study of females 54% of recovered crabs had moved more than 2 km 
away of the original release sites (~1 year later) while one crab was recovered 80 km away (with other 
recoveries at various distances in between; Diamond and Hankin 1985). In Oregon, Waldon (1958) 
conducted a tagging study of adult males and found crabs travelled an average of 15.3 km in an average 
of 80 days from the time of release to recapture with some distances exceeding 92 km. Similarly, 
Hildenbrand et al. (2011) found adult males tagged off Reedsport, Oregon, travelled an average of 18.6 
km with a maximum of 90.7 km between release and recapture locations. It’s important to note that 
distances observed in the mark-recapture studies represent minimum distances the crabs may have 
travelled, as the crabs may have made any number of movements between the times of release and 
recapture. 

Besides the deployed structure itself, shell mounds are a feature of the sea floor around offshore oil 
platforms in California (Page et al. 1999) and wind turbines in Europe (Hiscock et al. 2002) where 
structures are colonized by fouling organisms, which then fall or are scraped off the devices as part of 
regular maintenance. In California, sea stars and Pandalus shrimp dominated shell mound megafauna, 
with rock crab and Dungeness crab observed on shell mounds around platforms (Goddard & Love 
2010). Thus, if similar mounds form beneath WECs and their moorings at PacWave South there is the 
potential for other megafaunal invertebrates (in addition to Dungeness crabs) to show differing 
distributions or abundances compared to pre-installation conditions or reference areas. However, it is 
uncertain whether these features will develop at PacWave South as the duration of WEC deployment 
and thus potential for fouling community succession as well as the need for at-sea cleaning are 
unknown. A study of the fouling communities on the Ocean Sentinel anchors and surface floats marking 
them (neither of which were coated with anti-fouling paint) found very little biomass on the anchors 
(primarily small balanoid barnacles, percent cover ranging from 2 % to 80 %) while on the buoys at least 
50% of the subsurface halves were covered with turf algae, gooseneck barnacles, and mussels 
(Mendoza thesis, in prep.)   

2. NEED FOR INFORMATION  

Available literature leads us to expect a new community will form on and to some degree around 
deployed structures (Claisse et al. 2014), but what that community will be composed of and how long it 
will take to form remains unknown. Published information is available to characterize fish assemblage 
and marine life that currently occupy waters of the Pacific Ocean off of Newport at similar depths as 
SETS (see section 3.3.3 of the PDEA). However, some gaps remain in terms of spatial and temporal 
trends or distribution of fish within the water column. The new community associated with WEC testing 
at PacWave South could have both positive and negative effects on existing local populations of marine 
species. The state maintains a high level of interest in how important resources and uses may be 
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impacted, and considers it paramount that they are considered when the siting and authorizing of 
marine renewable energy projects is conducted (DLCD 2015).  

Published literature indicates great variability in taxon- and age-specific responses of fishes to the 
deployment of differently designed artificial reefs (Hueckel et al. 1989, Bohnsack, et al. 1991, Baine 
2001; Claudet and Pelletier 2004) as well as structures of offshore renewable energy devices (e.g. 
Wilhelmsson et al. 2006, Seaman 2007, Langhamer and Wilhelmsson 2009, Langhamer et al. 2009, 
Bergström et al. 2013). Thus, we expect that different WECs (and their associated mooring systems) 
deployed at PacWave South could have different levels of “attractiveness” to organisms in the vicinity. 
In addition, the time of year of WEC deployment may have an effect on the species attracted due to 
differences in migration or recruitment of fishes. An ROV survey conducted in September 2012 around 
the WetNZ device 25 days after WEC deployment at PacWave North did not show any fish around the 
WEC, the Ocean Sentinel, or any of the anchors, aside from the occasional flatfish disturbed from the 
sediment. The lack of observations using the ROV may be due to the season, the time of day the 
surveys were conducted, the length of time devices had been in the water, or due to the behavior of 
the species (avoiding the ROV). When we conducted an ROV inspection of the Ocean Sentinel anchors 
in May 2015, we observed juvenile rockfish schooling just above one of the anchors indicating ROV 
presence may not be driving whether or not fish are observed. Similarly, ROV observations of the 10-
meter-diameter Ocean Power Technology anchor documented “large schools” of black rockfish as well 
as lingcod and potentially other fish as well as motile invertebrates (e.g. Dungeness crab, sea stars) 
associated with the structure (OPT 2014; OPT 2016). Conducting twice-yearly surveys of deployed 
structure multiple times after they are installed will help us determine if the difference in fish observed 
in September 2012 versus May 2015 was due to seasonal differences (e.g., timing of settlement of 
juveniles) or fish finding and being attracted to the structure after it had been deployed for some time. 

The fouling communities on the Ocean Sentinel anchors and surface floats were documented after over 
2 years of deployment at NETS, following removal in November 2015. The Ocean Sentinel surface floats 
had considerably more biomass than the anchors, including large gooseneck barnacles, mussels, and 
seaweed (Figure 1). The anchors out of the water showed very little accumulation of biomass (Figure 2): 
mostly Balanoid barnacles, a small number of chitons (molluscs), bryozoans, and a single anemone 
across all three anchors after over 2 years of deployment. There was evidence of anchor movement 
that may have affected development of the attached surface community. After 23 months installed in 
water depths similar to the proposed SETS project, in-water observations of the 10-meter-diameter 
Ocean Power Technology anchor documented an “established community” including attached 
invertebrates (e.g. plumose anemones) (OPT 2014; OPT 2016). The potential for ecologically significant 
shifts in community composition at PacWave South due to biofouling is unknown and there is potential 
for broader scale changes with longer-duration tests incorporating multiple anchors and mooring 
systems. However, this may be offset by the potential for more frequent removal of WECs, surface 
floats, and anchors, resulting in less time to support biomass accumulation. 

Management interests in monitoring fishery (including crab) resources at SETS are primarily driven by 
ODFW’s expressed need to understand how stocks interact with installed devices and if fishing activity 
potentially enhanced or constrained by facility installation could result in localized changes to 
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abundances or distributions. ODFW may use information gathered from this study to inform fishery 
management decisions relating to use of the project area or nearby areas.  

The use of video tools to observe organisms present in the project area has distinct advantages over 
other methods of assessment. While traditional survey methods of hook-and-line, trawling, and or crab 
pots allow for higher taxonomic resolution and biometric data on individuals (ex. sex, weight), they fail 
to provide either behavioral information of precise habitat utilization and/or actual interactions with 
the device. Capture methods also often result in the take (or killing) of the sampled organisms. Video 
techniques do allow for direct observations of the organisms in the habitat and provide better 
taxonomic resolution than hydroacoustic survey methods. Videos also provide a long-term archive of 
information that can be reviewed in the future to revisit existing research questions or investigate new 
questions. These video records additionally may be valuable in terms of identifying entangled gear and 
other debris and/or maintenance issues on the WECs and/or mooring systems before they become 
larger problems. 

3. GOALS/OBJECTIVES 

The overall goal of this organism interaction monitoring plan is 1) to track changes to pelagic and 
demersal fish and invertebrates (particularly Dungeness crab) that might be (a) attracted to the 
installed components or (b) affected due to the potential for reduced fishing pressure, and 2) to track 
biofouling on the anchors/devices. The information will be provided by the licensee to ODFW for the 
agency’s use in managing ocean and coastal resources.  

3.1 Study Objective  
The presence of Project components will introduce hard substrate previously unavailable in the project 
area. We expect these components to be colonized by fouling organisms over time, as well as to 
potentially attract mobile invertebrates and fish to the area. The objectives of the organism interaction 
monitoring are to assess differences in the timing, abundance, and size classes of fish and invertebrate 
species or species groups that colonize or associate with different types of project structures on the 
bottom and in the water column.  

4. DATA COLLECTION AND ANALYSIS 

4.1 Methods & Equipment 
An ROV will be used for monitoring of biofouling, structure-oriented fish, and distribution of organisms 
surrounding installed components in the test berth area. The ROV will have forward and downward 
facing video cameras with live feed to the support vessel. The ROV also will be equipped with a Tritech 
Gemini multibeam imaging sonar to evaluate whether there are fish beyond the camera’s visual field 
that may avoid the ROV. The ROV will have a pair of lasers at a fixed width to assist with sizing 
organisms. A single pre-installation (pre-WEC installation) survey will be conducted in the spring/early 
summer period before the first devices are deployed at PacWave South, as described in Section 4.2.1 
below, to obtain pre-installation abundances of benthic and lower water column organisms at the test 
site as well as gain insight on visibility/detectability of seafloor organisms at the test site. Once WECs 
are deployed, sub-surface components and the surrounding seafloor will be surveyed using 
videographic observations from ROVs at the frequency described in Section 4.2.1, below. While on the 
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vessel, the live video feeds will be watched in real time by a dedicated observer and notes will be taken 
regarding ocean and seafloor conditions and organisms seen. Any derelict gear observed while at sea 
will be reported as detailed in the Entanglement Mitigation Measure, and appropriate actions will be 
taken according to the terms of the Mitigation Measure. Additionally, any derelict gear observed during 
processing of the video in the lab will be compared to at-sea observations and any additional 
observations will be reported and acted upon per the terms of the Mitigation Measure. Each 
organismal community to be monitored is described in more detail below. 

4.1.1 Structure-associated, water-column fishes  
Each sub-surface component type (both WECs in the water column with associated moorings and 
anchors on the bottom) will be observed for mobile, water-column organisms associated with the 
structure. To accomplish this, the ROV will partially circle the subsurface components from decreasing 
distances towards the device to assess the number and species of fish visible in each swath. A similar 
approach was determined to be effective for assessing fish communities on submerged oil and gas 
platforms (Ajemian et al. 2015). We will drop the ROV in the water ~25 m away (using a range-finder on 
the surface) from the WEC (on the downstream side). The ROV will be flown to the first position: 10 m 
below the surface, 20 m away from the WEC, where it will be held stationary with the camera facing 
up-current for a 1 minute period [a modified stationary point count (SPC)]. After the stationary 
observation, the ROV will navigate along a continuous horizontal rove partially around the structure 
from near one mooring line to near the next. Then we will instruct the ROV to move closer (e.g., to ~10 
m away), do a SPC followed by a semi-circular swath, then move ~1-2 m from the WEC to do a SPC 
followed by a semi-circular swath. At no point would we attempt to maneuver the ROV across or under 
the mooring lines. Thus, if a WEC is on a three point mooring, the semi-circular swaths would cover an 
arc of just under 120°, as illustrated in Figure 3. If the draft of the WEC under observation does not 
extend to 10 m below the surface, we will attempt to conduct the WEC observations as near to the 
base of the WEC/surface of the water as possible with the caveat that operations closer to the surface 
make navigation and station keeping for the SPCs more challenging. Then we will instruct the ROV to 
dive to a position ~20 m away from the expected position of an anchor, 1-2 m above the bottom. Then 
SPCs and semi-circular swaths will be conducted moving toward the anchor. We would then transit 
along the sea floor to the second anchor, conducing SPCs with semi-circular swaths as we approach.  

This navigational task will be accomplished using a commercial AUV navigation system on the ROV 
combined with the open-source Robot Operating System (ROS) in an integration developed by the 
Hollinger lab at Oregon State University (Lawrance et al. 2016). In brief, the system allows for 
autonomous station keeping as well as traveling between known positions. In 2016 field trials, the ROV 
was able to reach and traverse between waypoints to within approximately 1 m with respect to the 
internal navigation determination. Once the position of the WEC is known (after deployment) we will 
develop dive plans for the ROV that will include the paths of the roves.  

If multiple sub-surface components of the same type are deployed in a berth, we will attempt to 
sample at least two of the same type. For example, if a WEC is on a 3-point mooring (3 anchors), then 
we anticipate we likely will be able to survey the two anchors on the downstream side of the WEC, as it 
is preferable to maneuver the ROV against the prevailing current rather than go with the flow and 



PacWave South 

2018                 7 | P a g e  

potentially be swept into the object of interest. If multiple WECs are deployed within a berth the 
configuration of the array will affect how many of the individual WECs/anchors can be surveyed; 
however, our goal will be to get at least three observations of each WEC and anchor types. 

Although we do not expect a high likelihood of observing mid-water fish in reference areas, as we are 
descending for the reference band transects (described below), we will pause at 10 m below surface 
and do an SPC (with multibeam imaging sonar) before continuing the descent to the seafloor. 

4.1.2 Biofouling 
Focal observations of major sub-surface components (e.g., WEC, anchor) will be made following the 
closest swath survey conducted on each component as described above. As practical, multiple (2-3) 
observations on different faces of the same component type will be made. If there are multiple 
components of the same type (e.g., anchors), at least two anchors (those on the down-current side of a 
WEC) will be observed in each berth as described above. Additional anchors may be observed as 
possible. During the focal inspection, the ROV operator will perform a slow pan of the structure of 
interest, primarily using the forward camera to observe the structure. During anchor observations, the 
downward camera will be used to observe scour and organisms in the sediment adjacent to the 
anchors. 

4.1.3 Benthic fishes and invertebrates 
The ROV will conduct band transect surveys within the individual test berths in use among the bottom-
mounted components on the seafloor. We will conduct 3 transects each at least 100 m long within each 
berth. This will enable standardized abundance estimates of benthic fishes and invertebrates at and 
between the different bottom-mounted components.  

Band transect surveys also will be conducted at pre-determined reference areas outside of the 
PacWave South Project Site to determine the density of benthic fishes and invertebrates that would be 
expected in the area in the absence of the installation. We will conduct 6 reference transects each at 
least 100 m long outside of the Project Site: two north and two south of the Project Site at depths that 
match the test berths as well as two inshore of the Project Site, which will necessarily be shallower. 

Additionally, although the cables will be buried for nearly the entire length, one of the cable routes will 
be surveyed as part of each semi-annual ROV cruise. (Thus each of the five cables will be surveyed 
every 2.5 years.) This will include the unburied portions near the sub-sea connector as well as the 
buried route back towards shore. We will follow the expected route based on GPS coordinates as well 
as use all reasonably available tools to orient along the cable. 

4.1.4 Video processing 
Trained personnel will process collected videos in the laboratory. Videos from the forward-looking and 
downward-looking cameras will be viewed simultaneously on stacked monitors. The forward-looking 
versus the downward-looking cameras will be the quantification view depending on the type of 
observation, as described below. If time codes are recorded onto the audio track of the video footage, a 
time code wedge will be used to record the time (on the video) of each organism observation, which 
can be useful for re-finding species of interest on the footage during data analysis. 
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For the semi-circular swath observations, all organisms encountered on each rove, swath, and SPC will 
be identified to the lowest possible taxonomic level and enumerated. Because the start/stop time will 
be logged for each individual rove, swath, and SPC, we will be able to compare the numbers of 
individuals observed during each survey component. Fishes will be classified as juveniles, sub-adults, or 
adults (as appropriate for the species), based on size determined using the lasers. Crab and seastar 
sizes will be estimated using the lasers. We anticipate that with each view of the subsurface 
components (at different distances), we will count some organisms that had been observed and 
counted in the previous view. Thus, at each SPC and over the course of the encircling rove, we will 
determine the maxN (the maximum number of fish for a given species) within the field of view, a 
commonly used metric (e.g., Merritt et al. 2011; Cappo et al. 2004; Cappo et al. 2007; Harvey et al. 
2007) and note observed behavior. (This metric is sometimes referred to as MinCount because it 
represents the minimum number of individuals for a particular species during a dive; Ellis and 
DeMartinie 1995, Watson et al. 2005, Willis et al. 2000). As feasible, we will use the distance travelled 
over the bottom to convert numbers of each species observed in the water column on the rove to 
standardized abundances. If we are not able to determine distance travelled, organism counts will be 
standardized by survey time using the start and stop time of each rove and SPC. As the ROV is transiting 
from the WEC to the anchors, any fish and/or schools of fish will be documented and reported. 
However, we do not intend to quantify densities of organisms detected in these “off transect” 
observations. Upon the approaches to the anchor, in addition to quantification of organisms, we will 
review the footage to look for evidence of scour. Since we will be conducting slow swaths at three 
distances, if we detect scour in close proximity to the anchors using this video tool, we will be able to 
delineate the extent at least relative to the three distances. If we detect scour at all visual survey 
distances and suspect the extent is broader, we anticipate it would then be detected by the within-
berth band transects if they are conducted in the direction of the scour and, if very wide-spread, by 
sediment analysis of the box core grabs, which begin at 50 m away from the anchor. 

For each of the Project component focal observations, the percent cover of fouling on the component 
will be determined. All organisms will be identified to the lowest possible taxonomic level. We 
anticipate for the initial observations, total percent cover or perhaps percent cover of 
film/invertebrates/algae will be the lowest possible taxonomic level. As the community develops, we 
may be able to distinguish general classes of fouling organisms (e.g., sponges, ascidians, barnacles, 
bryozoans, mussels), and the percent cover of each will be determined. As the community further 
matures, fouling species may be distinguished. Additionally, mobile organisms such as seastars, 
anemones, and crabs observed on the structures will be identified and sizes estimated using the lasers. 
A challenge to using video techniques for assessing biofouling can occur if you have many canopy-
forming and sub-canopy species, making it difficult to observe, let alone identify, all the organisms on a 
surface. We do not anticipate this will be an issue for assessing biofouling on the anchors as they will be 
at ~70 m, well below the photic zone, and we did not observe or collect algae on the Ocean Sentinel 
anchors which were deployed for over two years in shallower waters. Canopy-forming invertebrates 
such as anemones or those with lots of interstitial spaces such as mussels can present similar 
challenges for quantifying smaller organisms. However, as described above, we did not observe these 
species on the Ocean Sentinel anchors at NETS. The extent of biofouling on anchors will vary based on 
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anchor type, complexity of the structure, duration of installation, and height above the seafloor where 
the potential for abrasion is highest. We recognize that the WECs themselves could support growth of 
larger organisms (e.g., algae, gooseneck barnacles, mussels; Figure 1) as we collected from the Ocean 
Sentinel floats, although the algae on the floats was small turf algae, and the floats were not coated 
with anti-fouling paint.  

For the band transects (pre-test, between device components, and reference transects) standard 
analysis procedures will be used (e.g., Tissot 2008). Along each transect, the substratum type will be 
classified (mud/sand/coarse sand/shell hash) and the presence of “litterfall” will be delineated, and all 
organisms larger than 5 cm will be identified and enumerated. (If we observe large aggregations of 
small individuals that cannot be enumerated, we will report their occurrence but will not attempt to 
quantify them.) Benthic epifauna, some endofauna taxa showing recognizable body parts above the 
sediment, and fish will be identified to the lowest possible taxonomic level and enumerated. We will 
use the distance travelled over the bottom to convert numbers of each species observed along the 
transect to standardized abundances. If we are not able to determine distance travelled, organism 
counts will be standardized by survey time using the start and stop time of each transect. Fishes will be 
classified as juveniles, sub-adults, or adults (as appropriate for the species), and crab and seastar sizes 
will be estimated using the lasers. When interesting behaviors are observed (e.g., crabs feeding on 
litterfall), they will be documented and reported. Again, this footage also may be used for 
quantification of the spatial extent of scour. 

4.1.5 Sonar processing 
The use of the multibeam imaging sonar will allow us to estimate the presence of fish that may disperse 
beyond the field of view before the ROV gets close enough to see them on the optical camera. A suite 
of metrics may be used to quantify variability of pelagic nekton biomass detected by the multibeam 
sonar including density, aggregation, center of mass, and dispersion, which have been used to describe 
a wide range of aquatic organism distribution attributes (Urmy et al. 2012). These metrics, as 
appropriate, will be compared among structure types. Acoustic images will be analyzed as described 
below in 4.4.2, and compared to optical information to determine if fish may be avoiding the ROV. 
However, acoustic images will likely be insufficient in detail to identify species. 

4.2 Schedule & Frequency  
4.2.1 Within Site 
A single pre-installation ROV survey (pre-WEC installation) will be conducted as early as technically 
feasible (e.g. ocean conditions conducive to effective monitoring) without jeopardizing human safety, 
property and the environment in the spring (mid-March to mid-June) prior to our first anticipated 
testing client. During this survey, we will carry out the survey described in section 4.1.3 – the seafloor 
band transects. For this survey, we will survey transects at 6 locations outside of the Project Site (the 
Reference transects) as well as 6 transects randomly placed inside the Project Site. Before diving for 
each set of transects, we will pause at 10 m below the surface to do a SPC, as described at the end of 
4.1.1 above. 

Seasonal ROV surveys will be conducted twice per year targeting spring (mid-March to mid-June) and 
fall seasons (late August to late October) with a minimum of 3 months between data gathering events 
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that meet the objectives of this plan. Spring surveys will be conducted as early in the season as 
technically feasible to minimize risk of entanglement as described in mitigation measure 3. This 
schedule likely will result in any new installation being surveyed within three months of deployment (as 
we anticipate summer deployments that would be observed by the fall survey). During those semi-
annual surveys, all test berths with WECs installed in them will be surveyed. If multiple structures of the 
same type are installed in a single berth (e.g., > 3 anchors of the same type) a subset of those structures 
may be observed on each survey. Semi-annual surveys will continue for at least three years of deployed 
WECs and anchors.  

After three years of semi-annual surveys, if no devices are under test, any hardware remaining in the 
water will be surveyed once every three years. If survey results indicate consistent and predictable 
species associations over time (i.e., no significant differences observed in species diversity, density/ 
maxN, or total number of fish observed in spring versus fall on the multiple WEC, anchor or mooring 
types/configurations), then for the next 7 years ROV surveys for the purposes of organism interaction 
monitoring will be conducted annually when WECs are present. After 10 years of ROV surveys, the 
licensee will consult with the AMC regarding the frequency/need of continued organism interaction 
ROV surveys. This timeline is based on documented observations where colonization of an artificial reef 
showed fluctuations in species abundance within the first two years, but after two years most of the 
species that dominated or characterized the reef after five years had already settled (Hiscock et al. 
2010). Of course, the situation at PacWave South may differ since the same structures may not be in 
place for a continuous three years, so the “stabilization” of species recruitment observed by Hiscock et 
al. after two years may not be observed at PacWave South. 

4.2.2 Cable Route 
For biological purposes, one of the cable routes will be surveyed as part of each ROV cruise, including 
the “pre-WEC installation” survey. Thus, with five cables, each one will be surveyed once after the first 
2.5 years of semi-annual sampling and each will be surveyed at least a second and possibly a third time 
by the end of the 10 years of ROV surveys. This schedule is based on the assumption that all seafloor 
cables will be entirely and continuously buried, and does not preclude additional observations that may 
or may not occur for maintenance purposes. If installation or post-construction survey of the cables 
indicates unburied segments, the licensee will consult with the AMC regarding the appropriate 
frequency of organism interaction ROV surveys. 

4.3 Constraints & Limitations 
A constraint in developing this monitoring plan is the variability associated with the Project as a test 
center. To overcome that, we have written this study to be applicable to deployments of various size, 
number, and location of device components, the distance between them, and the number and type of 
mooring hardware associated with the Project components of interest. The major constraints of any 
ocean-going field project are weather conditions and vessel availability. However, we are confident we 
can successfully conduct surveys sometime in the mid-March to June window and again in the August 
to October window.  

The ability to implement ROV surveys is subject to weather and safety constraints. OSU will notify the 
AMC within 10 days of the close of each seasonal window (end of June/October) if it seems likely we 
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will not be able to complete the sampling within that window to discuss whether sampling should be 
attempted in the next month or deferred until the following season. Furthermore, any inability to 
perform this study within the time period or spatial extent described here would be communicated to 
members of the AMC within 10 days from the date determined by OSU that it is unable to complete the 
tasks identified in this plan, and a contingency plan would be developed and submitted to the AMC 
within 30 days after notification. 

4.4 Analysis   
4.4.1 Analysis of video observations 
For the SPCs and semi-circular swath surveys, the maxN of different species as well as total number of 
fish observed and overall diversity will be compared along distances from the structure and among 
structure types. Within species, we will investigate if different size classes are present associated with 
the WEC (at 10 m below the surface) versus at the anchors (1-2 m above bottom) or at varying 
distances away from the structures and/or among structure types.  

For the focal observations, percent cover or density (as appropriate) of different biofouling organisms 
(as identifiable) will be determined and compared among structure types (using either faces of the 
structure or multiples of the same structure type as replicates). The diversity of fouling organisms also 
will be compared among structure types. If structures are left in place over long periods of time 
(perhaps anchors that are re-used) we will (eventually) develop histograms to display the arrival, 
growth, and succession of major colonizing species.  

For the band transects, data will be analyzed as described in Hemery and Henkel (2016). In short, 
multivariate analysis will be conducted to assess the similarities and/or differences in the organisms 
along position on transect (distance from a structure), within versus outside the site, and in association 
with any particular substratum type. We also will conduct univariate analyses on total diversity and 
abundance against these factors. For particular fish species and Dungeness crabs, we will investigate if 
different densities and/or size classes are present by comparing size and density distributions before 
versus after installation of project components, in varying distances away from the structures, among 
structure types, or within versus outside of the Project Site. Berth-specific visual surveys will allow us to 
determine if different structures are differentially attractive (versus a baited capture survey where we 
might catch organisms in one berth that were utilizing habitat in another berth). We also will compare 
detections of fish using the imaging sonar on the band transects within the Project Site to the reference 
ROV band transects conducted outside the Project Site. 

Visual surveys also allow for behavioral observations, rather than just whether organisms are captured 
more inside or outside of a particular area (which can be influenced by attraction to bait). For example, 
with visual surveys we can assess whether crabs are burying near an anchor, using it as additional 
shelter, or if they are foraging on the organisms growing on the anchors. We will be able to observe 
whether the density of buried crabs changes in conjunction with sediment changes (if changes in 
sediment are observed) with increasing distance away from an anchor or inside versus outside the 
project area. We also will determine and report the ratio of Dungeness crab to rock crab at varying 
distances away from the structures and/or among structure types. 
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4.4.2 Analysis of sonar observations 
The number of targets in the acoustic images will be compared among structure types, and we will 
attempt to assign the acoustic targets to a species group. The use of the multibeam imaging sonar will 
allow us to estimate the presence of fish that may disperse beyond the field of view before the ROV 
gets close enough to see them on the optical camera. We will compare and report the number of 
targets (individual fish) or aggregations (schools of fish) detected acoustically using the sonar with the 
numbers of fish/schools of fish detected visually using the cameras and determine the percent of 
acoustically-detected targets that were not detected using the visual tools.   

5. RESULTS 

For the semi-circular swath surveys, we will summarize findings including the total number of fish 
observed and the relative abundances of different fish species at different distances for the floating 
(WECs) and bottom (anchor) structures. By comparing the relative abundance of fish across the 
different distances away from the floating structures, we will be able to describe the spatial pattern of 
any fish attraction effect and how far it extends. Comparisons among WEC/anchor types will inform us 
if differently shaped/sized components have different levels of attractiveness or attract different 
species. A species list including number of individuals and life stages of each species observed during 
each survey, as well as over time, will be provided. 

The results of the focal observations for biofouling will include graphical representation of percent 
cover and/or density (as appropriate for the organism type) on different components. A species list 
including number of individuals and life stages of each species observed during each survey, as well as 
over time, will be provided. 

For the band transects, we will report the densities of organisms along the in-berth transects as 
compared to the reference transects. We will report the densities of organisms as a function of distance 
away from structures. We will report the results of all multivariate and univariate analyses described 
above. Again, if we observe large aggregations of small individuals that cannot be enumerated, we will 
report their occurrence. A species list including number of individuals and life stages of each species 
observed during each survey, as well as over time, will be provided.   

6. REPORTING  

Once the activities under this plan commence, they will be reported annually in OSU’s Annual Report, 
which will be filed with FERC and provided to the AMC. The annual reporting will include the 
components described below; it will also identify any relevant new information considered in the 
findings or future monitoring. 

6.1 Monitoring Summary 
OSU will summarize all activities undertaken in implementing the monitoring plan, including a table 
with monitoring dates and locations if appropriate. In the unlikely event that OSU must deviate from 
this plan for reasons outside of its control (e.g., delayed sampling due to adverse weather conditions 
that pose risk to human safety) it will describe any deviations from the monitoring plan as reported to 
the AMC and discuss implications of any such deviations.  
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6.2 Results & Conclusions 
The AMC will discuss the monitoring results and any significant findings or conclusions. The AMC will be 
given the opportunity to provide feedback on the study results prior to any official filing, and if they 
exist, OSU will describe any disagreements over characterization of results in its final report. 

6.3 Future Monitoring  
OSU will describe in each Annual Report monitoring activities that are planned for the next reporting 
period. OSU will provide any proposed modifications to the monitoring plan and rationale for the 
changes to the AMC.  
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Figures 

 
Figure 1. Photo quadrats taken from the Ocean Sentinel surface floats after over two years of deployment. The photo on the left 
is the quadrat that had the least percent cover and the photo on the right had the most percent cover of all 6 quadrates (2 on 
each of the 3 floats). 

 

 

 

 

 

 

 

 

 

 

Figure 2. Photo quadrats taken from the Ocean Sentinel anchors after over two years of deployment. The photo on the left is 
a side of the anchor and the photo on the right is the top of the same anchor.  
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Figure 3. Benthic and organism interaction monitoring schematic. Within berth station distances are relative to the project 
component . Reference grab distances are relative to the site boundaries. 
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