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Executive Summary

The purpose ahis report is to describe the large body of fishery independent video lander data
that has been collected by Oregon Department of Fish and Wildlife (ODFW) staff and partners.
The underwater video lander data presented in this report includes data ddttatiehree

different research groups (Fisheries, Reserves, and Nearshore), carrying out over 10 independent
studies from20092017 as part of ODFWG6s Marine Resourc
summarizes the similarities and differences of video landdirgemations and field methods

used by ODFW over this ningear period, describes the spatial and temporal extent of the data
collected, and provides results for some of the species obdmrugitizing a common set of
abundance metrics. The design andfigomation of the underwater video landers varied greatly
over time both across the three research groups, as well as within the Fisheries Group and
Reserves Groupn the nine years video landers have been in use, ten configurations have been
designed and tested in the field. Lander design was determined by the study site, species of
interest, and considerations of cost and repeatability. All lander deployment sites summarized by
this report were categorized into one of five general regiom#) noast (sites north of Cascade
Head, n=339), central coast (nearshore sites between Cascade Head and Cape Perpetua, n=864),
Perpetua (sites on or adjacent to Perpetua Reef, n=61), south coast (sites south of Cape Blanco,
n=259), and offshore (any siteest of the 80n line, n=1168). All three groups used the same
deployment and retrieval methods while conducting video lander surveys. Over the years, video
review protocols have varied between groups, as well as within both the Fisheries and Reserves
Groups, mainly due to advances in technology and advancing applications of video as a
management tool. For the purposes of this document, standardization of each video review
protocol was applied. Different estimation techniques were used to estimate thetg@ar dmae
describe the distribution of the count data. Preliminary examination of the MaxN count data
(regardless of species or study area) showed that it was best described by a negative binomial
distribution. Therefore, in this document, we have onlyioied parameters to describe a

negative binomial fit for each species/study area combination. In general, there was a moderate
amount of agreement between the parameter estimates generated using the two methods. This
suggests that there is consistencyhim data observed by different landers and in the different

study areas. Ultimately, we consider this indicat¥@o major biases in what species or how

many fishwereobserved by each research group in each studyErsainformation is meant to
beuseful tostock assessors, fishery scientists and manaagevsell aghe general public. In

particular, the information presented here seeks to help inform discussions about the ongoing
efforts to enhance fishery independent surveys in untrawlatig f@bitat using video landers,

and the potential to use such data in stock assessments. Synthesizing all of this information in
one document offers a picture of the full extent of work completed to date. Moving forward, we
suggest that video landersare us ef ul t ool for providing fishe
rocky reefs. Key benefits of this tool are cost effectiveness and the ability to work in untrawlable
habitats. This document also includes an appendix where underwater video landetldet@ad co

by the Fisheries Group, is used to parameterize a variety of simulations of an annual synoptic
fishery independent survey for Yelloweye Rockfish, and we provide a table of estimated
uncertainty and cost.
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1. Introduction

Sustainable fisheries management requires accurate and precise stock assessment which can be
achieved byncluding information on species biologystierydependent catch and effort data,
and fisheryindependent surveys of abundar€ésheryindependent surveys are especially
important sources of information for assessments because resulting data infolsn mode
independently othe potentially biased data collected directly from fisheAelsck of fishery
independent datexistsfor many species that live on around rocky substrate along the U.S.
west coast, especialfgr those that live in nearshore wegeThis is because currently, the
primary source of fisheripndependengroundfishdatais from trawl surveys These surveys are
not conducted in watetsss than 581 deepor in areas deemed untrawlapgeich as rocky reefs
(Bradburn et al. 2011While trawl surveys areuseful for nanyof thespecies included in the
federal Pacific Coast Groundfish Fishery Management, Biase data are not useful the

large number of speci¢satareeithernotobserved at frequenciéggh enougho generate an
indexof abundanceor areabsent from the surveantirely. Many of these reefissociatedpecies
represenimportant fisheries in Oregamdare managed by the Oregon Department of Fish and
Wildlife (ODFW) in partnership withthe federal government. Thack of fisheryindependent
abundancelata from untrawlable, and nearshore rocky habitakes sustainable fisheries
management at bothe federahnd statdevels challenging The need t@onduct fishery
independent surveys for species that inhabit réabjitats, both in Oregon and along the west
coast has been recognized in the Oregon Nearshore Stf@@gyVv 2016) andthe Pacific
Fishery Management CoungiResearch and Data Neatdtxcument{PFMC 20132018. This is
especiallytruefor rockfish speas such as Quillback, Tiger, BronandCopperthathave only
been assessed with dgaor or datamoderate methods (Dick and MacCall 2010; Cope et al.
2015).However, even for nearshore rocky reef species fwitlassessmentsnanyhave little or
no fisheryindependent survey data.

Stock assessment authbiesve articulated clear need for fisherpndependent survey

information targeted at reef groundfish spedieshe recent assessmentsBtack Rockfish

(Cope et al2016) Blue/Deacon Rockfish (Dick et al. 2017), Cabezon (CGu@d.2019, Canary
Rockfish (Thorson and Wetzel 2016), China Rockfish (Dick et al. 2016), Kelp Greenling (Berger
et al. 2015), Lingcod (Haltuch et al. 201&hd Yelloweye Rockfish (Gertseva andp@®017)
authors specifically mentiaime need for fisherindependent survey data to help improve future
assessmentsd these speciedssessment authors Dick et al. (2QXriccinctlystated the issues
related to scaling biomass estimates and the meeffsheryindependent survey:

AA f i $ntlependem searshore survey should be supported to improve estimates of
abundance trends (not having to rely on fisheries data for such trends) and, if possible,
absolute abundance. Population scale has prowgcult to estimate for many nearshore
species without informative data. o

It is therefore both useful and timely to explore any available source of fisigeyendent data
for its potential relevanc® informing stock assessment ahd management process.

Various visual techniques have been used to conduct fisidggendent surveys throughout the
world and each has its associated benefits and limitations. Benthic video landers, stationary
camera systems on the seafloor, have proode useful tools for visually sampling thenthic

fish community and habitat. Video landers have a long history of use in the marine envifonment
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andhave beemisedin a wide variety of habitat®ecades of research has resulted in numerous

fish abun@nce metrics developed from video data (Ellis and DeMartini 1995, Priede and Merrett
1996, Babcock et al. 1999; Priede et al. 2000, Willis and Babcock 2000, Watson et al. 2005,
Farnsworth et al. 2007, Harvey et al. 2007, Watson et al. 2007; WatsonGtQalMeerritt et al.

2011, Burge et al. 2012, Hannah and Blume 2012, Bacheler et al. 2013, Hannah and Blume
2014, Mallet and Pelletier 2014, Mallet et al. 2014, Pita et al. 2014, Schobernd et al. 2014,
Campbell et al. 2015, Dunlap et al. 2015, Easton @045, Starr et al. 2016, Hannah and Blume
2016, Watso and Huntington 2016). Fisheindependent survey data from stationary bottom
camera systems have been used in stock assessment models in the U.S. as an index of abundance
for both datdimited specie4SEDAR 2016) and species with full assessments such as Gag
Grouper Mycteropercanmicrolepig, Red GrouperMycteroperca microlep)s and Red Snapper
(Lutjanus campechanps the Gulf of Mexico (see the Southeast Data Assessment and Review
website for stock assessment repbttp://sedarweb.oryy/ These data came from surveys with

large spatiotemporal coverage. Such extensive spatial and temporal targeted video lander surve
work has yet to be done off Oregon for any species, but ODFW has a growing inventory of video
lander data that has targeted rocky reef fish communities.

The Oregon Department of Fish and Wildlife conducts work relevant to stock assessments for
many rockyreef speciesSome of theools that have been utilized in such work include SCUBA,
hook and linePassive Integrated Transpontkgging acoustic telemetryemotely operated
vehicle, video lander, and a novel technique that combines hydroacoustiesdnajt camera.
Some of this work has informed stock assessments. For example, resultBlamk Rockfish
markrecapture studysingPassive Integrated Transponder tags recovienetrecreational

fishely port samplersveredirectly appliedin two stock assessments (Sampson et al. 2007; Cope
et al. 208). Although not directly incorporated into teockassessment modelata from

visual fisheryindependent surveys conducted by ODRwluding SCUBA, remotely operated
vehicle and stere@ideo landerinformed densityo help scale the biomass estimiatéhe stock
assessment fatelp Greenling (Berger et al. 2015). Similgriige recent Blue/Deacon Rockfish
assessment (Dick et al. 2017) incorpordgedjth-atage data from fishempdepement hook and

line surveysremotely operated vehictirveysand a pilot studgombininghydroacoustic and

drop cameraata.These datg presented by ODFW staff to the Stock Assessment ReviewsPanel
and assessqrprovedimportantin modelparameterization that resultedragalisticbiomassscale
estimategP. Mirick, ODFW,personal communicatign

The purpose of this report is to describelttige body ofisheryindependent video lander data
that has beeoollectedoy ODFW staff and partners from 2009 through 2017. The video lander
systemautilized over the yearsary inconfiguration but the basic concepttise samea camera
systemis dropped to rest on ttseafloorwhere it captures videaf the fishcommunityand
associated bottom substratéreeindividual groups within ODFWeonductedsideo landemwork
for differing purposesand as such the study designs and field methodsdvaiowever, taken
togetherthese efforts providdata for an extensive spatial area off the Oregon coast that
includes both shallow and deep watarer a time period approaching a decades document
summarize the similarities and differences wifleolander configurations and field methods
used byODFW, describs the spatial and temporal extent of the data collected, and psovide
results forsome ofthe species observéy utilizing a common set of abundance metridse
hopeis this information will be useful to stock assesséisheryscientistsandmanagersand the
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general publicln particular, the information presented heneuldhelp inform discussions about
the ongoing efforts to enhance fishamglependent surveys in untrawlable rocky habitat using
video landersand the potentiab usesuch data in stock assessme8igthesizingll of this
informationin one document offers a picture of flidl extent of workcompletedo date.

2. Methods

Underwater video | ander data collected by the
Resources Program has come from three different research groups cautyongrlO

independent studies from 2002017(Fig. 1, Table ). TheMarine Fisheries Rgearch group

(hereafter Fisheries Groypvhich isfocusedon supporting fishery management and stock
assessmesgtwas the first to adopt thigsual survey methodnitial field testswere conducteth

the nearshore reefs adjacenN@wportin 2009and201Q Subsequent research by this group
wasprimarily conductedvithin an offshore rocky reef complex comprised of Stonewall Bank,
Enterprise Reef, and Heceta Bankth additionalnearshoresurveysconductedn rocky reefs

known as Three Arch Rocks orethorthern Oregoooast,andSiletz, Seal Rock and Perpetua

reefson the central coast

The Marine Reserves, Ecological Monitoring Program (hereafter Reserves Groegponsible
for overseeing the ecological monitoring of Oregd s miriney eservesandadapted theideo
landerfrom the Fisherie€sroup as one of several loitgrm monitoring toolsUsing video
landers, he Reserves Groumnducts underwater visual surveys to characterize hahitdfsh
populations, antb observe fish behavor s i nsi de Or egonodsandisthest em of
associated comparison arébgy. 1, Table 1)The Reserves Grouyas conductedideo lander
surveysn all five marine reservsites(Redfish Rocks, Otter Rock, Cascade Head, Cape
Perpetua, and Cag-alcon) and theight adjacentomparisorareas. The Reserves Group will
continue to conduct video lander surveys at four of the five sites at regular intBadsise
hard bottom habitats are limited at Cape Perpetua Marine Regiglee Jander monitoring at
this site and its comparison argaasdiscontinued after initial surveygideo lander surveys
began afour of thefive Oregon marineaserves and their associated comparison aefase
harvest restrictions were implementgdhese reserveghe earliest surveys availaldee for the
first two reserves (Redfish Rocks and Otter Rock) and the associated comparison20&4s
two years before harvest restrictions began in the res@ilve<ape Falcon Marine Reserve
lacks video lander surveys prioritoplementation of harvest restrictioms2016 becausef
limited weather windows and poor visibility in 200£2015.

Thethird research group to adopt the video lander as a research tool Wasatebore Research
group (hereafter Nearshore Grouphe Nearshore Groupcuses omesearch and conservation
effortsthatimplementthe Oregon Nearshore Strateggcommendation€ODFW 2006,



Table 1.Specifications of individual studies conducted by each individual pr@j&t Fisheries GroyflRG = Reserves Group, NG = Nearshore
Group) Data for the2011 Heceta Bank survey and all 2016&rk are not included in this report.

operated Location(s) Publication Study goal time

Central Coast, Develop and test a video lander as a visual survey tool for rocky reef habitat and ekeMeatieweye Rockfish

FG 20092011 Offshore & Hannah& Blume (2012) . 4-5min
. Conservation Area
Perpetua Region
EG 2011 Perpetua Region Unoublished Perpetua work in response to request from scieagenunity to monitor hypoxic event. Offshore work in Hecet:
& Offshore P Bank to test utility of video lander at deeper depths
FG 2011 North Coast Easton et al. (2015) ;I;eesftsablllty oflander to comprehensively quantify habitat and fish community composition in nearshore temg 5 min
FG 2013 Offshore Hannah & Blume (2014) Evaluate influence dbait on species size and composition 12 min
FG 2014 Offshore Unpublished Determine if the color of light used on a video lander impacts fish behavior 12 min
FG 20142015 82§RZT%%ast Hannah & Blume (2016) Impact of water clarity, light, and fish size on maximum detection range of fish 6-15 min
FG 2016 Offshore Unpublished Test upgraded equipment (HD cameras and better lights) in deeper depths of Heceta Bank 12 min
Offshore & Examine how operating video landers during daylight and nighttime hours affects the utility of thestowéto .
FG 2019Present Central Coast In progress rocky reefs at nearshore, middle shelf, and off shelf depths 15 min
Compare the wutility of the Fisheries Groupods | a .
FG 2019Present ~ Offshore In progress provide corrections foportions of the federal trawl survey that are untrawlable 15 min
Oregon Marine Reserves
RG 20102011 ggﬂ:ﬁaégggft & EcologicalMonitoring Ongoing Monitoring 3-6 min
Report 20162011 (2014)
Oregon Marine Reserves
RG 20122013 gglrjlttrr]alcgggtst & EcologicalMonitoring Ongoing Monitoring 3-6 min
Report 20122013 (2015)
RG 20102015 Central Coast Lawrence et a?016 Developing a method for quantifyirogenic habitat from a stationary underwater video camera 8 min

Central Coast,
RG 2014 Perpetua Region Unpublished Ongoing Monitoring 8 min
& South Coast

North Coast,
RG 2015Present Central Coast &  Unpublished Ongoing Monitoring 8 min
South Coast

RG 20142015 Central Coast & Watson & Huntington Measure influence of bait, drop duration, and behavioral responses on estimating relative abunddivessiand

South Coast (2016) of nearshore fish using a small, ceffective video lander 8 min
RG 2014 Central Coast & Watson & Huntingtonlg  Hook and line, underwater visual census, and unbaited underwater video surveys performed to compare (1 8 min
South Coast review) detection, (2) community composition, and (3) size structure of temperate reef fishes among methods
NG 20142015 Central Coast Krutzikowsky 2019 Characterize finfish abundance on a skare rocky reef system with fishery independent survey. Examine effi 15 min

of different sampling times on data
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Figure 1. Map of study areas where the Oregon Department of Fish and Wildlife conducted
video landedeploymentgrom 20092017.Sites west of the offshore site demarcation (B&m
isobath)were grouped in the Offshore regiavhile sites east of the line were broken into four
regions: north coast (sites north of Cascade Head), central coast (sites betwees @asdad

and Cape Perpetua), south coast (sites south of Cape Blanco) and the Perpetua regiomisites
adjacent to Perpetua Rgdfligher resolution maps showing locations of individual drops by area

are available in Appendix A.



2016).In support of thignission, eonetime videolander survey was conductbg the
Nearshore Groum 20147 2015 within the nearshore rocky reefs bounded by Cape Foulweather
to the north, and Alsea Bay to the south (Figrdble 1 Krutzikowsky 2019)

It is important to note that thedeolander data included in this repareonly those that passed
a rigorous data standardization procés®ther wordsthe findingsrepored here only represent
successful lander designs dredld methodsvherelande deploymentsesultedn usable videos
and video review was deemed possible.

2.1. Lander design

The design and configuration of the underwater video landeied greatlyover time both
across the three research groups, as well as witbiRisherie$sroup and Reserves Graup
the nine yearthatvideo landers have been in usa)configurations have been designed and
tested in the field (Fig. 2, Table 2).

Design was determined by the study site, species of intarestonsiderations of cost and
repeatability. The Reserves GrougndNearshore @®upsampled irdeptts ranging from &$4 m,
while theFisheries @upsampled in depths ranging from-260 m Differences in sampling
environmentsuch as thesesulted in large differences wideolander design, including the use
and power of lighting, the type of cam@)selectedand the overall shape and size of the frame
(Fig. 2, Table2).
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2009-2010 ~2010-2011 2011 2013-Present

Reserves Group Fisheries Group

Nearshore Group

Figure 2. otographs of video landers employed by easbarch grougRetrieval method with
pot hauler shown in the low4gft photograph.
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Table 2 Description of lander design and components of each lander platform used by ODFW since 2009 for each research dgrshel(ES =
Group, RG = Reserves Group, NG = Nearshore Gram) the number of successful deployments for each system that were included in this repor

. Dates . .
Project n Bait FOvV Area  Stereo Camera(s) Light(s) Other
Operated
o . Two DSPL Riteltes with Halogen bulbs
FG 20092010 191 N 75 7.7 n? N SD DSPLMulti-SeaCan2060 color (25W-200W depending on power source)
o ) Two DSPL Ritelies with LED bulbs
FG 20102011 650 N 75 7.7 n? N SD DSPLMulti-SeaCan2060 color (850 Im, 3000 K)
- - 10cm paired scaling
FG 20142011 596 N 75° 7708 N SD DSPLMulti-SeaCan2060 color Two DSPL LED MiniSealites lasers for 12/2011
(850 Im, 6500 K)
survey only
Two HD Canon Vixia HF S21 with Impact .
FG 2013 present 212 YIN 787 som Y DVP-WAS0-58 Digital0.5x wideangle Two DSPL LED Sealite Spheres
(3200 Im, 6500 K)
adaptors
Two HD Canon Vixia HF G20 with Impact .
FG 2018present 0 N 96.7 9.9 nt Y DVP-WAS50-58 Digital 0.5x wideangle Two DSPL LED Seal ite Spheres
(3200 Im, 6500 K)
adaptors
o 5 . Two DSPLRitelite with LED bulbs .
RG 20102012 333 N 75 7.7m N SD DSPLMulti-SeaCam 2060 color (850 Im, 3000 K) paired lasers
° 5 HD Canon Vixia HF G1@vith ImpactDVP- s .
RG 2013 65 N 80 8.2m N WAB0-58 Digital 0.5x wideangle adaptor Two DSPL SealiteSix (1200 Im, 6000 K) paired lasers
RG 2016 28 N 118.2° 12.1m? N GoPro HER@ Black Edition Bigblu Dive Lights(1800 Im) magenta filters
RG 2014present 454 YIN 118.2° 12.1n¢ N ThreeGoPro HEROS3 Black Edition N magenta filters
o HD Canon HF G20 wittmpact DVRWA50-58 Two DSPLLED Sealite Spheres
NG 20142015 145 N 96.7 9.9 N Digital 0.5x wideangle adaptors (3000 Im, 6000 K)

FOV: Horizontal Field of Viewd i 'Q & w "@Q4 '@ 'Q3), Area: The maximum distance of 3.42wvas used to calculate aresreported by
Hannah and Blume (2016) for stengdeolander workon Oregon nearshore rocky reed®: Standard Definition, HD: High Definition, DSPL.:
DeepSea Power and Light.
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FisheriesGroup

The original video lander systems were developed in 2180 and were based oamera
technology used by the Alaska Fisheries Science Center for observing the inside of commercial
trawl nets. The original video lander used by the Fisheries Grvasuilt to be deployed
autonomously and retrieved using a hydraulic crab block. The frame was constructed in a
rounded cagdike structure to both protect the video and lighting systems but to also avoid hang
ups in the rocky habitat when possififeg. 2). To increase the prospect of recovering the
equipment, the frame sat on top of a sacrificial losegned tdreak away from the main frame

of the video landelttached to the buoy line, allowing the video equipment to be recovered
(Hannah and Blume.2). While this frame and base design is still in use today, the video
equipment within the lander frame has changed multiple times since the original video lander
(Table 2).

The first video lander used a single standaetinition color video camera ([epSea Power &

Light; Multi-SeaCam 2060), paired with two halogen ligitlsepSea Power & Light; Ritéds).

This design was field tested (n=191 depl oymen
central coast, at Cape Perpetua, and ateStalh Bank YelloweyeRockfish Conservation Area.

The lighting system was upgraded in 2010 by replacing the halogen bulbswatth I5ED bulbs

(DeepSea Power & Light; Ritéd) which significantly reduced the power drain on the batteries.

This system wassed through 2011 to conduct research (n=650) at the three areas previously
mentioneda s wel | as at Thr ee Ar c This Besignkvas desaribe®@r e g o n (
in Hannah & Blume (2012) and Easton et al. (2015). The next lighting upgrade gresghseat

the lightoutput fromthe two lights (DeepSea Power & Light; LED MiBealites), and was used

to conduct research at Stonewall Bank (n=596). In 28 58cond camera was added craate

stereo video lander in order to generate precise fish length data as well asavigfaiestimates

of fish to potentially quantify the area being sampled. This system used twidédfigition

cameras (Canon; Vixia HF S21) equipped vithx wide-angledigital adapters, and two LED

lights (DeepSea Power & Light; SealLite Spheres). This system was used in continued research at
Stonewall Bank that was reported in Hannah & Blume (2014, 2016), as well as for research

within the nearshore reefs of the centrahst (n=212). This design and video equipment are still

in use today and an additional video lander has been created in its likeness to saurgrisg

efficiency in future studies (Table 2).

A majority of the research with video landemnductedy the Fisheries Group has been related
to the YelloweyeRockfish. This speciesontinues to be severely constraining to fisheries due to
low bycatch quotaandergoing a londgerm populationrebuilding process. Because of this, the
majority ofthe Fisheries Gr u pvidlen lander surveys were conducted in offshore environments,
requiring substantially more lighting and battery systems than nearshore suttmaely

requring a larger platfornin orderto support all of the equipme(fig. 2).

Reserve&roup

The ODFW Marine Reserves Progr amos-foeusen,| ogi cal
longt er m moni toring program to be conducted in
(ODFW, 2017) This program has built upon advances in sampling technology antbge

design robust and contemporary survey tool s t
environment. During the development of this ldegn monitoring program, adaptations have
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been made to the video lander based on tool and methods,tkestsup learned in the field
data analyses, and advice from other scientific experts.

Thefirst video landeusedwas modeled after theriginal Fisheries Groupideolander. This
designconsisted of an aluminum frame, with breakaway mild steel sections in case of snagging
developed by Hannah and Blurg2912) The video system consisted dba-light color camera
(DeepSea Powed Light; Multi-SeaCan?2060, paired withtwo LED lights (DeepSea Powe&

Light; Ritelite). Lights were mounted high in the video lander framvell separated from the
camera to minimize backscatter from debris in the water colanreepSea Powed Light

parallel laser with 10 cm spacing was used to estimate scale in the Thegdesign was used

from 2010 to 2012 to collect videos (n=333) from three marine reserves (OtterqRaciade
Head,Cape Perpetua, and Redfish Rg)cknd theirassociatedomparison aread éble?2).

In 2013 the video lander was modified by upgrading the camera ¢hvadifinition camera
system(Canon; Vixia HF G10)fitted with a 0.5x wideangledigital adaptor to enhance the field
of view. Additionally, thelights were pgraded towo brighter LED lightyDeepSea Power &
Light; Sealite Si}. This design was only used for one year (n+=@&B only athe comparison
areasassociated witlthe Cascade Head Marine Reserve

After trials by ODFWstaff proved GoPro cameras a viable alternative to larger camcatiuers,
Reserves Groupedesignedhevideolanderin 2014by switching toamore costffective
camera and housin@oPro HERQ and a smaller, lightweight tripeshaped framéig. 2). This
configuration was built to be streamlined to reduce the chance of the franmeithgstuck in
rocky habitat bustrong enough to withstand contact with roskypstrates with limited damage.
Threehigh-definition cameragGoPro HERGB+ Black Edition)with magenta filters were
mounted 42 cm from the base of the video lander (comparable to larger landeglominum
plate with 120 degree separation. Using tloamerasnaximized the chance that a given
deploymenbbtained useful videfootagefrom at least one cameraully assembledhis video
landerweighedl16 kg and is currently still in use

LED lights Bigblu) were initially tested (n=28) but the majority @éploymerdg (n=454)used

no addedights because surveys occurred in very shallow water (averagen)®here ambient

light was sufficient to view fish and habitat. Twinleolander units were built to increase

sampling efficiencypy using both units simultaneousiihis set ofow-cost, lightweight/ideo
landersystemsvasdesigned to be deployed and retrieved by small vessels, eliminating the need
for contractingarge vessal(Watson and Huntington 2016)

NearshoreGroup

A video lander following the designs of Hannah &haime (2012, 2014) was utilized to sample

the finfish community found in the nearshore waters\afivport Thevideolander was

equipped with two lightslieepSea Power & LighSealite Spherg¢sand a single higllefinition

color video camer@Canon; VixiaHF G20 fitted with a0.5xwide-angledigital adaptor lenso

increase field of viewFig. 2, Table 3. Both the camerand batteries to power the lightgere

housed in aluminum pressure housings and the camera housing was equipped with a dome port.
Thevideolander frame was made of aluminum tubing enclosing the Jigatseraand battery
housings for protection and attached to a sacrificial weighted base by weak links that allow the
frame with equipment to break free for recovery if the base becdowsisrocky habitaiFig.

2), developed by Hannah and Blurfz®12)
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2.2. Study areas

All lander deployment sites summarized by this rep@nte categorizednto one of five general
regions(Fig. 1 and Fig.3); north coast (sites north of Cascade Head, n=339), central coast
(nearshore sites between Cascade Head and Cape Perpetua, n=864), Perpetua (sites on or
adjacent to Perpetua Reef, n=61), south coast (sites south of Cape Blanco, n=259), and offshore
(anysite west of the 8fn line, n=1168).

Cape Perpetua
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South Coast

North Coast
Central Coast
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dnolg samasay

South Coast
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2009 2010 2011 2012 2013 2014 2015 2016 2017
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Figure 3. Timeline of video drops by research group and study area.
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In total there were 338uccessfutieployments in the northernmost

region encompassing the area north of Cascade Haadpleted
deployments in this region includeyenty-five deploymentdy
the Reserves Group the Cape Falcon Marine Reserve and

neighboring comparison areand 314deploymentsy the

Fisheries Group athree Arch Rocks rockyeef (Fig. Al). The

Cape

reserve and is located just north of Nehalem Bay, near the town of
Manzanita. The Cape Falcon Marine Reserve encompasses 32 km
with a depth range of 055 m. The seafloor &ape Falcon is

Fal

con

Mar i

ne

Reserve

i s

dominated by sandy selfiottom habitats. In shallower waters, the

reserve has small isolated patches of rock. The associated
comparison area for Cape Falcon Marine Reseraeegf of the coast oCape Meares, whicis

of similar size, habitat, and depth ran@&the25 deployments completed in the Cape Falcon
Region from 2016 2017, 15 were completed Cape Falcon Marine Reserve, and the
remaining ten deployments were conducted in the Cape Meares Comparis@Riéréd). The
depths of these deployments ranged fromi 3.5 m.

The remaining14 north coast deployments were conducted as part of a collaborative study

betweerthe Fisheries Groupnd Oregon State University in 2011 that was conducted at Three

Arch Rocks rockyreef complex (Easton et al. 2015). This reef is located approximately 4 km

offshore and 11 km south of the mouth of Tillamook Bay (Fig. Al). This study area was chosen
due to the high depth gradient within the reefd for the high diversityfepecies that inhabit

Or e

the reef. The substrate of this reef is composed of a mixture of rock, gravel and sand. The study
area coverdapproximately 15 kimwith deployment sites (n=314) ranging in depth from 10.8
73.3 m.Theperimeter of thesamplinggrid created for this study coincided with the available

seafloor habitat data created by the Active Tectonics and Seafloor Mapping Lab at Oregon State

University (Goldfinger et al. 2014 Sample locations included all habitat types identified across

theentire reef structure and depth rarfgaston et al. 2015)
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A total of 863 deployments in the central coast area from the three

ODFW research groups are included in this report. The central

coast area is comprised of a lpngrrow rockyreef extending
from the headland of Cascade Head south to the mouth of Alsea
Bay, near the town of Waldport (Fig. A2). The northern and

southern end of this study area straddle the nzajormercial and
recreationafishing port ofNewport Within the cental coast area,

there are two marine reserves and three neighboring comparison
areas in which video lander monitoring is conducted by the
Reserves Group. The Cascade Head Marine Reserve is located off
the central Oregon coast, stretching between the Casteall

headland and Lincoln CityHarvestestrictions begatherein
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2014 This site includeshe Cascade Head Marine$erve surrounded by three Marine Protected
Areas. The reserve encompasses 25With a depth rang 07 50 m The reservéncludesthe
complex rocky reef habitats of the north et of Siletz Reef. The rocky reef protected within
the reservalsoextends soutardinto the South Marine Protected Area and the comparison
areas of Schooner Creek and Cavalier.

The second mare reserve in the central study area is Otter Rock Marine Reserve. This reserve
encompasses 3 Kimand is located south of Depoe Bay and north of Newport in depths ranging
from O7 18 m. Harvest restrictions began in this reserve in 2012. Three pronsiars

comprise the western boundary of the site: Gull Rock on the northwest @rdétter Rock

and Whale Back Rock on the southwest corner. The reserve includes a shallow rocky reef, kelp
beds, soft bottom habitats, and sand dollar beds. Eayle/eather, located just north of the

reserve, is the comparison area for this marine reserve site.

A total of 232 deployments were completed by the Reserves Group in the OttearBafom
20107 2017. The depths of these deployments ranged from 2887 m. Of the 232
deployments, 104 were completed at the Otter Rock Marine Reserve. The remaining 128
deployments were conducted in the Cape Foulweather Compariso(FAgeA?2).

The Fisheries Group conducted initial field tests of video landers imetlshore reefs of Siletz

and Seal Rockin 20091 2010 (Hannah and Blume 2012) and returned to SealsRodt&st

stereavideo lander capabilities in 20142015 (Fig. AZ[in present paperfHannah and Blume

2016). A total of 127 deployments in these areare retained for the purposes of this document.
Siletz Reef, approximately 3 knffdahe coast of Lincoln Cityis comprised of rock, gravel, sagnd

and small amounts of mud. Video lander deployments conducted by the Fisheries Group at Siletz
Reef (n=85Yyanged in depth from 291173.2 m. All of the deployments completed by the

Fisheries Groum the northern region of the central coast dalavithin the boundaries of the
marineprotectedareaandthe comparison area south of Cascade Head Marine Reserve.

The Fisheries Group completed gixcessfuvideo lander deployments at Seal ReBeef. This

is a long (~13 km) reef located directly south of the Yaquina River mouth, spanning south to the
town of SehRock. Theroughly 20km? rocky reef is surrounded by sand with small patches of
mud, and ranges in depth from 12.&7.7 m.This area was chosen in part because of its
proximity to Newport, where the Marine Resources Program office is located, anddédaau
relatively diverse in terms of depth, rugosity, and species assemblages.

A total of 294 deployments were completed by the Reserves Group in the Cascade Head region
from 20121 2017. Ofthose 73 were completed ithe Cascade Head Marine Reserared he
remaining 221 deployments were conducted in Cascade Head comparisoiidaetd3avalier
Comparison Area and 148 at Schooner Creek Comparison ARrealepthsn which these
deployments were conducted ranged fromi644.5 m.

The Nearshore Group conducted? lander deployments 2014 and 2015. Th&tudy area

totaling approximately 3Rm? of rocky reef wasbounded by Cape Foulweather in the north and
Alsea Bay in thesouth, whichncludesSeal Rock Reef south oNewport Of the 177
deployments145 deployments resulted snccessfulideo samples included in this repdrhe
area was chosdrecauseat encompassed wide varietyof substrates, rugositgnd depths

Rocky substratemclude bedrock, boulders, and cobldeme of whictwere surrounded by sand
or mud Substrates sampled included 29 different combinations of primary and secondary
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substrate typed.he study arewasalsochosen becausedbmprisedhe entire tagging area of
the Black Rockfislpassive integratd transponddang study(Krutzikowskyet al.2019)plus a
relatively small additional rocky area to the noffthis allowed for comparison of estimates of

Black Rockfishabundancelerived from two dferent methodsFinally, the study area was

conveniently located close to the Marine Resources Program office in Newport which simplified
logistics in taking advantage of weather windows conducive to samplegioymens occurred
in depths ranging from 5441 m (Fig. A2).
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Perpetua Reef is located approximately 30 km south of Newport
and 5 km sothwest of Cape Perpetua, with rock patches
scattered throughoutraughly 14 km longarea (north to south)

The reef is comprised mainly of gravel and cobble with small
(<0.1 kn¥), low relief rock patches (Fig. A3Rue todistinctive
substratendhydrographic conditiongaired with the fact that

the reefis relativelyisolatedfrom other rocky reef structureve
elected to separate Cape Perpetua from the rest Gkttieal

Coast stdy area (Wheeler et al. 2003rantham et al. 2004
Goldfingeret al. 2014. Further, studies of fish behavior at Cape
Perpetua have demonstrated that frequent hypoxic events results
in unique fish behavior, ultimately affecting how videaders

count species (Rankin et al. 201Bie reef falls entely within

the boundaries of a marine reserve and two marine protected
areas.The Cape PerpettMa r i n e

| argest

restrictions began in 2014. Thigesis located off the central Oreig coast stretching between the
towns of Yachats and Florence. The marine reserve encompasse$8ifhkendepth range of 0

T 55m.

Prior to marine reserve implementatjdhe Fisheries Group conducted a brief survey in this area
in 2010, (Hannah and Blume 2012). The 57 completed video lander deploymesatscused
on the small rocky patches on the western, deeper edge of the reef, ranging in depth ffom 45.2

53.8 m.

Five deployments were completed by the Reserves Group in the Cape PerpetuarRegian
The depths of these deployments ranged from116R3 m. Of the 5 useable deploymedts

werewithin the Cape Perpetua Marine Reserve (depths ranging froni 8@.3 m)andthe

remainingwasconductedn the Postage Stamp Comparison Aresmall rocky reefo thenorth
of themouth of Alsea BayGiven the small size and deep depth of the rocky reifa Cape
Perpetua Marine Reserve, the video lander was determined to not be the most efficient or
appropriate tool for monitoring this locatiaierefore long-termvideo landemonitoring at this
site was discontinudoy the Reserves Groypig. 3).
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the south of the reserve, and Orford Rieefatednorth d the reserve.

A total of 228successfutieployments were completed in the Redfish Rocks region fromi2010

Video lander research conducted south of Cape Blanco has
exclusively been by the Reserves Grolipe Redfish Rocks

Marine Reserve is located off the southern Oregon coast between

Rocky Point and Cddoint, just south olPort Orford(Fig. A4).
The site ncludeshe marine reserveanda marineprotectedarea

to the west that stretches offshoesarly tot h e

stateods

Sea boundary. Thmarine reserve includes emergent rocks and
islands surrounded kyigh-relief rocky reef and bedrock,
intermixedwith cobble and boulder fields. Kelp beds prevalent
between the islands and the shdiee RedfisrRocks Marine
Reserve encompasses 7%kmith a depth range of 054 m, and
harvest restrictions began in 20The associated comparison
areas for the Redfish Rocks Marine Reserve include Hurabug

2017. Deployments were conducted at depths ranging froin584 m. Of the 228
deployments completed in the Redfish Rocks Region, 113 were Retifesh Rocks Marine
Reserve. The remaining 115 deployments were conductbd @associated comparison are@2
at theHumbug Comparison Area and 33 at the Orford Reef Comparison Area.
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eastwest and 42 km ngr-south) and was shown to contain a diverse population of demersal

The offshore reef complex that has been the foclésbieries
Group video lander studies (1168 of 1666 total lander

deployments) is comprised of Stonewall Bank, Enterprise Reef,

and Heceta Bank (Fig. Alth present paperfHannah and Blume
2012, 2014, 2016). This rocky reef complex is located off the
centra Oregon coast approximately 250 km offshore. The
most frequentedeef within this complex, Stonewall Barik,
located approximately 25 km west of Newp@&tonewall Bank

was selected as an ideal location for initial field tests and ongoing

large scalesurveys due to the abundant rocky substrate and
frequentfavorableunderwatewisibility. Additionally, the center
of the Stonewall Bank reef structure is incorporated into a

Yelloweye Rockfish Conservation Area (approximately 5 km

fishes (target species for video landers). Of the 1168 offshore video lander deployments
completed by the Fisheries Group, 1128 were on Stonewall Bank reef, 599 of which were inside
the baundary of the Yelloweye Rockfish Conservation Area. The remaining 40 offshore

deployments were split over the adjacent reeftseiprise Reef (approximately 13 km northwest

of Stonewall Bankn=10), the Ranchapproxmately20 km west ofStonewall Bankn=7),
Heceta Bankdpproximatelyd0 kmsouthwesbf Stonewall Bankn=16), and 4 deployments on
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high relief pinnacles adjacent to Heceta Bank. See Hannah & Blume (2012, 2014, 2016) for
more information on site selection and specific research questioresaeldr

2.3. Field methods

All three groups used the same deployment and retrieval methods while condggaignder
surveys. Stationary underwater video landers were freely deployed off the side of the research
vessel, and retrieved usiagpot haulerFig. 2) For eactvideolander deploymentGPSlocation
data vererecordedBottom timewas recorded and defined as the timevideolander was

sitting on the benthos (i,eexcludng deploy and retrieval timejBottom times varied by study
TheFisheres Reserves and Nearshd@eous rangedin bottom timefrom 4-17 minutes3-8
minutes,and15 minutesrespectively The majority of Wdeo lander deployments were carried out
at least 1 hour after sunrise and 1 hour prior to sunset to avaitefhescular periadsurvey
design varied by project, with the majority of deployments following a stratified sampling grid
design however, thdReserves & u poag®ing monitoring is based airatified random design
with a minimum of 10250 m distancgdepending on use of batt) assure independendcsl

three research groups targetedas containingard substratsuch asedrock and boulders,,or

in the absence of consolidated substradeble and graveHabitat selection wasased on
bathymetryandseafloor substrate mapsailableat the time of the respective studibkgps

were primarily provided bthe Oregon State University, Active Tectonics & Seafloor Mapping
Lab (Goldfinger et al. 2014).

FisheriesGroup

Video lander surveys were conductgither on nearshore or offshore rocky reef complexes
typical of the Oregon coast. In geneddployments targeted hard or rocky substrate such as
bedock, but in some cases higblief substrate such as large boulders or vertical wallgre
targeted de to a higher likelihood of encountering the species of concerrv@lioweye

Rockfish. Aside from occasional experimental deployments that targeted a specific feature (i.e.
substrate type, known demersal fish hapdatarge pelagic schools viewed echo sounder),
surveys were carried out on rectangular sampling grids witdgtermined distances between
deployment locationfHannah and Blume 2016)Vithin sampling grids, mimum distance
between deployment locations was used to avoid countingaime fish at two different

locations. A minimum distance of 1@ was used for most studies but was increased to400

in the baitedrideolander studfHannah and Blum2012 2014) Surveys were conductéem

a variety of platforms includmncommercial passenger fishing vessels, commercial fishing
vessels, and researebssels out dlewport Initial development and research of sampling
locations was based, part, on the local knowledge and expertise of the skippers taking part in
these sidies.

Bottom timewas variable across sties performed by thEisheries Gup (Table 2 Initial field
tests showed that a bottom timnethe 45 minute rangevassufficient for allowing any disturbed
sediment to clear from the field of view, as well as forrthber of fish in the frami® stabilize
(additional time did not result in higher countsmorespecies observed). Furthermore, shorter
deployment timesllowed for the completion cdidditional deployments, maximizing the area
surveyed each dgitaston et al. 203FHannah and Blume 201Bottom time was increased to
12 minutes for the baited ster@ideolander survey, Hannah & Blume (2014), to increase the
ability of fish to respond to the bait while still maintaining an adequate daily sampling rate.
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Bottom time ranged from-&5 minutes for the stereddeolander range studHannah and

Blume 2016)becaise rather than simpteployingon rocky substrate, this study was targeting

| arge fish schools using the vessel s echo so
and water clarityonditionsand to maximize the number and variety of fish sgerarious

distances from the cameftdannah and Blum2016).

Hannah and Blume (2014) was the only study conducted Wyigheries @up in which the

videolander was outfitted with baiénd accounts for 166 of the 1666 successful deployments.

Bait was suspended in front of the stereo cameras by hanging a mesh bait bag to one end of a 152
cm pole, and attaching the other end to the top of the frame. Bait consisted of either Pacific

Sardire Sardimops sagaPacific HerringClupea harengysor a mixtue of both species. The
remainingdeploymentsr{=1500) conducted by tHésheries @up were unbaited deployments.

Stereo video was introduced to fRisheries Groupideolander in 2013 and aounts for 212 of

the 1666 successful deployments conducted biigtesries Groug209 of which occurred at

offshore study areas). In order to use pauieéo for measuring fish lengtthe video cameras

must be synchronized the field before eactiepbyment A number of methods were used to

achieve synchronization of the cameiasluding showing a running stopwatch to the cameras

so video could be paired to the nearest hundredth of a second, as well as using a clapper board to
identify thesameframe inboth the right and left videdglannah and Blume 2012016;Knight

et al. 2018).

In time, additional environmental sensors were either added tadke landeframe or
deployedsimultaneouslyrom another platformThe 2016 study by HannahdaBlume tested

the detection range of various sizes and species of rockfish in varied light and water clarity
conditions. In order to achieve thteevideolander was outfitted with additional optical sensors
including a Wildlife Computers TDRIK9 tag that measured ambient light, as well as a Wetlabs
ECO-BBB scattering metehat measured water clarity. The 2Gt6dy found that the ability to
detect anddentify fish may be impacted by the water clarapdthatmeasuring clarityas the
potential to control for tbsedifferences across varying condition#lannah and Blume 2016)
Therefore subsequertb this studythevideolanderwasdeployed with the scatter meter to

allow for analysis when necessary.

Reserves Group

Leading up to the012 implementation dfarvest restrictionsi®r egonés f i rst t wo
reservesthevideolander was used for systematic rapid assessments of Hedota2QL0 to

2011 Deploymentsvere maden a regular grid system at each site. Rer®@tter Rock site, a

200 x 200 m grid was used; for the Redfish Rock site a 350 x 350 m grid was used. These
experimental units were chosen to balance sampling effort based on differemesesve size

and to assure independence between (QI¥W 2014)

The video &nder was also deployed in 2010011 to target rocky substrate types using a
stratified random design (rocky substrates stratified by ddpdlcations forvideolander
deploymerg were randomly assigned on rocky substrathiwideph bins stratified as 0 7 m,

7.17 14 m, 1417 21 m, and 21+ m. Eploymens were separated by a minimum distance of 100
m to assure independence. Based on previge® lander studies off the Oregon coast (as
recommended by Hannah aBliime 2012)abottomtime of four minutes was target€dDFW
2014).
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In 20121 2013, sampling days were chosen based on reports ofugatsivater visibility, and
multi-day trips were preferred to minimize temporal variation in the @sploymentiocations
were determinedsing a stratified random design (rock substrates stratified by dBptfijning
in 2012, depth stratification was altered to reflectri@epth bins (i.e07 10m, 1017 20m,
etc.)and abottom time of four minutes was targe{@DFW 2015)

Beginning in 2014, a new lightweighitdeolander configuration was designed for improved
costef fecti ve s ampl iomgatersmand @arieegresenElss videelandes h

usal athreecamera arrayith each camera covering otierd of a 360° field of view, and only
onecamera is chosen for analyéisg. 2) To determine the ideabttom timefor this newly
configuredvideolander within the nearshore, tfaur minute bottom time suggested by Hannah
and Blumeg2012)was extendetb 12 mirutes Extending the bottom time allowed evaluation of
the potentialimpact ofremoving lights, and therefore attraction potential for certain species, as
well as evaluatin ofwhether additional bottom timeefdedgreater observed diversity or MaxN
estimates following the initial OMethedsfarr banced
these analyses can be found in Watson and Huntington (206 landerdeploymen

locations were selected using a stratified random design, first constraining the study area to
rocky re=f habitats betweeni333 min depth and then randomly selecting points using a
minimum buffer distance of 200 m.

In 2015, pilot tests of the ligh®ight nearshoreideolander were continueid orderto evaluate
whether to b thevideolander in the nearshor€esting of bait was conducted at two sites,
Otter Rock and Seal Rogkwithin 10 nautical miles dllewport A stratified random designas
usedto generate 40 sampling points on rocky substrbetween b 25 m depthsSampling

points were spaced a minimum of 250 m apart to minimize the influence of bait on adjacent
deploymentsMethods for these analyses can be found in Watson andngtorti(2016).

Based on the findings in Watson and Huntington (2016), subsequent deployments (conducted
from 20161 17) were unbaited with a bottom time of 8 minytasd videos collected from 2014
2016with bottom time durations greater than 8 min wengpad and rescored to standardize
videos to 8 min in length

NearshoreGroup

Forthe study conducted in 20446 by the Nearshore Group, samplfiogused on rocky reefs

near Newportvithin 3 nautical miles of shor@argetdeployment locations wedetermined by
selecting a random starting point within the mapped rocky habitat, and spacing at 400 m intervals
on a hexagonal gridRocky areas were mapped using the substrate pagduced during the

Oregon state waters mappipgpgram(Goldfinger etal. 2014, and supplemented by adding a
number of small rocky reef areas near the mouth of Alsea Bay commonhgdeie as the

Apost ag &@hegpdstagamgtamp area is known to local fisaes productive areandwas

included as part of the yarBlack Rockfishpassive integrated transpondeg study

conducted by ODFW (Krutzikowsky et al. 2019

All field sampling wasconducted aboard a commercial passefigeing vesselln generglif

rocky substrate was not det elocatierfthevideolandee v es s e
wasdeployedat the nearest locatidhat rocky habitat was detected withi2@0 m radius

otherwisethe target location was not sampled. Several tdogationswere not sampled because

it appeared to be soft bottom habitat throughout the surroundingoatedespite this effort,
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some video lander deployments were made finbsxitom habitatOnly targetocationsthat
couldhave beemccessed safely \nesampled.

Thevideolander was deployed at sampling stations and left on the benthos for approximately 15
minutes considerably longer than the 45aninute bottom times utilized by Hannah and Blume
(2012) and Easton et al. (2015). Tihereasedottom timewas used tevaluatevhetheronger

bottom times resuddin higher species diversitgr a greater number of individuals for any

given speciesActual bottom times varied from 18 18 minutes.No bait was used for video

lander deploymestby the Nearshore Groygrutzikowsky 2019)

24. Video review

Over the years, video review protocols have varied between groups, as well apaettitine
Fisheries and Research Groups, mainly due to advances in technolagvanding

applications of Wdeo as a management toBbr the purposes of this documertgrslardization

of eachvideo review protocolvas applied, which resulted in certain videos, species and studies
being excluded from this documesee section 2.5pProtocol standardization fahis document

did not apply to bottom time (the amount of time the lander spent on the seahdg.fine

scale review methods varied between studiesHse®ah & Blume 2012, 2014, 2016; Easton et
al. 2015;WatsonandHuntington2016 Knight et al.2018 and Krutzikowslk 2019, the data
developed andeportedn this documeninet the followingstandardized criteria

1 All video was reviewed in Adobe PremieBeftware.

1 For eactdeploymentthe videovasrequired to meet the minimum view and visibility
standardsTable 3 Fig. 4.

1 If the viewwasgreatly obstructedskewed upr dowrward when the lander settléo the
seafloor, or the visibilityvasso poor that the surrounding substratescompletely
obstructed (fish identification impossible) then the videsexcluded fronfurther
analysis

1 Alternatively, f the view and visibility receividta moderate to good scotbereview
procee@dto the next step whiclwasto define the primary and secondary halijpes
from six predeterminedategoriesbedrock, large boulder, small bouldeopbk,
gravel/pebbleor soft (Table 4. These categories weaglapted froncollaborative habitat
research between ti@regon Depdmentof FishandWildlife and Oregon State
University (Stein et al. 1992)

1 The final habitatrelated stepvasto classify topographic relief of the substrate into one of
threerelief categorieslow, moderate, or high. Of note, this step was not completed by
the Fisherie$roup.

1 For deployments conducted by tReserves @up, using the lander with three cameras,
the camera with the best view, visibilignd habitat was selected for analyg#hen all
three cameras were equal, one video was randomly chosen.

23



Table 3.Criteria used to classify the visibility and view for each lander dadpgted from
Hannah and Blume 2012).

Category Class Description
Visibility Poor (0) View of surrounding substrate completely obscured by turbidity or

marine snowVideo excluded from further analysis/this report
Moderate (1) View of surrounding substrate is not obscured but viewing distance
limited by variable turbidity and/or marine snow

Good (2) View of surrounding substrate is clear to the limit of the lighted area
View Quality Poor (0) Camera is facing a rock in close proximity, looking straight down at
substrate or up in open wat&fideo exluded from further analysis/this

report

Moderate (1) View is at acceptable angle, substrate can be seen, however a port
the view is blocked by nearby habitat
Good (2) View is at an acceptable angle and view is unobstructed

Application of theview, visibility, and habitatriteriaresulted in a total of 2691 deploymefus

the purposes of this documdReserves Group=880, Nearshore Group=145, and Fisheries
Group=1666)Thevideofrom these deploymentgas reviewed using a standard MaxN

approach for quantifying relative ahdance for eactish species (Ellis and DeMartini 1995,
Harvey et al. 2007), which results in a conservative abundance estimate. The MaxN approach
determinell individuals that can be identified to species throughout the whole video and the
frame containing the largest number of each speéxigsfined as the MaxN frame.

For the purposes of this report, supplemental data (such as observed invertebtateyrhabi
oceanographic data) assigned to each deployment were exdioslexVer, these data may
support further analysis or modeling, and are available on request.

It should be noted théhe Reserves Group had additional step in their video review proab
in which any video containing soft substrate for both primary and secondary hatstat
removed from further analysis. This step restilh a slightly different number of videos
kept/reviewed for further analysis thesastrue for the Fisheries and Aieshore groups
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View 2
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bility 1 Visibility 0
Figure 4. Examples of all possible combinations of view and visibitgeTable 3 for
definition of each view and visibility category.

-

Visibility 2 Visibill

Table 4. Criteria used to classify primary and secondary habitat types. Adapte&feametal.
(1992), and standardized for this report

Habitat type Description

Bedrock Rock that is Afixedo to the bot

Large boulder Boulders approximately-2 m in diameter (includes angular blocks of
broken bedrock)

Small boulder Boulders approximatel@.251 m diameter

Cobble Cobble approximately-85 cm diameter

Gravel/Pebble Gravel or pebble approximatelyG® mm diameter

Soft Unconsolidated, sand (grain sizes 6206 m diameter), mud or hash

(small broken bits of shell)
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2.5.Data Standardization

As previously stated, the manner in which videos were collected and reviewed has varied over
the yearsboth between projects and within each proj#aetiations in protocols have mainly

been in response to changes in technology aacthdights andcameras used to collect video
(e.g. advancing frorhalogen to LED bulbs, andoving fromstandard definition video to high
definition), as well aghe softwareused in landevideoreview (e.g. upgradinfyjom video

editing softwareo highly specializegpphotogrammetry softwarelProtocols have also evolved
over the years to accommodateanging managemeabjectivege.g.the use of larger systems
equipped with maximum lightintp capturgresence/absence ofaaget species in deeper,
darkerreefs versus thaise of a smalleunlit systens for the purpose of capturing relative
abundance and density of species found witlearshore reefsDespite differences in gear,
review methodologyand original intentdr each surveyandervideo collectecacrosghese
systems has sufficient underlying similarittesallow for standardization, and therefore analysis.
The following steps were carried out to combine the video review databases from each of the
three group included in this report;

A. Created a standardized list of spe¢see Table 5fhat met the following criteria;
I.  Identified to the species level (genus or unknown species were excluded)
ii. Identified as present or absentddlthreegrouys (eliminated falsenegatives
by not assunmg that if a species waohseen it was not there)
iii.  Combined species according to their stock assessment status (i.e. Blue and
Deacon Rockfish are assesseom@sspecies complex)
B. Standardized visibility scordsetween groups
I.  Reduced the level of detail from 4 scores to 3 (0, 1 or 2)
ii.  Excludedvideos withscores of O
C. Standardized view scorégtween groups
i.  Reduced the level of detail from 4 scores to 3 (0, 1 or 2)
ii.  Removed videos with scores of 0
D. Standardized habitat scores
I.  Vertical wall and crevice were reclassified as bedrock
i.  Mud, sand and shell hash were reclassified into one category: soft
E. Removed relief scores from the Reserve an
this habitat observatiowas not scored by the Fisheries Group.
F. Removed biogenic habitat scores from the
because this habitat observation was not scored by the Fisheries Group.

Standardization steps were limited to ppgicessed video oplin other wordsno video was re
reviewed for the purposes of inclusion in this document. However dedaket was subjected to

the quality assurance procedure composed by the group collecting the data. Details about those
procedures may be found in theblications cited in Table 1.

2.6. Statistical analysis

One of the best utilities of landers to the stock assessment process is to provide estimates of
species abundances, which requires estimates of average density. Therefore, we estimated the
parameters describing the distribution of the count data usiregettfestimation techniques.
Preliminary examination of théaxN countdata (regardless of speciesstudyarea)showed
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that it wasbest describetly a negative binomial distributioiherefore we only provide
parameters to describe a negative binoniidbf each speciéstudyarea combinatiofirable 6,
Appendix B) However it should be notethat some speci€s.g. Kelp Greenlingwerebetter
explaired with aPoissordistribution(Appendix C) Parameter estimates were generated using
both maximumiikelihood and Bayesian methods in R version 3.5.1 Feather Spagndix B

R Core Team 2018

Maximum likelihoodparameteestimates were generated using the fitdistrplus package
(DelignetteMuller and Dutang 2015)To assess the effeat outliers on the quality of the
parameteestimate 90% of the dataweresubsampled with replacemeat000 timesand
parameter estimates generated.

Bayesian parameter estimates were generated using the rstanarm package aygstieglized
linear model to the count data with an intercept @B&odrich et al. 2018}-or simplicity, the
same priors were used for each species emenbination. The pridor the mearwas a normal
distribution with a mean of 0 and standard dewgratf 10. Theprior for size wasn exponential
distribution with a rate of JFour thousandamples were collectddr each speciéstudyarea
combination.

For the maximum likelihood and Bayesiestimatesvariance was calculated as

where | is the estimated mean &rid the overdispersion or size paramet@&o(ker 2008.

Only a subset of speciagsincluded in the video analysis (Table S)nceYelloweye Rockfish
arecurrently the onlyverfished stoclkkampled in this workcount data from this report were
utilizedto develop simulations of a video lander survey of untrawlable habitat. Methods and
results are presented in Appendix D.
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Table 5.Species observed in the lander video, whetiney were analyzed or nand their
common depth range and PMIRockfish CategoryThom2018 * Blue and Deacon were
grouped as a species complex, *Bdacio and Silvergay were grouped as a species complex

Scientific name Common name Primary PFMC Rockfish ~ Analyzed

Depth Complex

Range
Sebastes melanops Black Rockfish <73 m Black/Blue/Deacor Included
Sebastes auriculatus Brown Rockfish <70m Nearshore Included
Scorpaenicthys Cabezon <73m NA Included
marmoratus
Sebastes pinniger Canary Rockfish 807 200 m Major Included
Sebastesebulosus China Rockfish 107 128 m Nearshore Included
Sebastes caurinus Copper Rockfish 07 70 m Nearshore Included
Sebastes elongatus Greenstripd Rockfish 1007 300 m Shelf Included
Hexigrammos Kelp Greenling 07 130 m NA Included
decagrammus
Ophiodon elongatsi Lingcod 07 200 m NA Included
Sebastes maliger Quillback Rockfish 107 130 m Nearshore Included
Sebastes helvomaculatus Rosethorn Rockfish 807 350 m Shelf Included
Sebastes nigrocinctus  Tiger Rockfish 307 298 m Shelf Included
Sebastes miniatus Vermilion Rockfish 67 478 m Shelf Included
Sebastes entomelas Widow Rockfish <200 m Major Included
Sebastes ruberrimus Yelloweye Rockfish 917 180 m Shelf Included
Sebastes flavidus Yellowtail Rockfish 907 180 m Major Included
Sebastes mystinus Blue RockfisH <549 m Black/Blue/Deacor Included
Sebastes diaconus Deacon Rockfish <549 m Black/Blue/Deacor Included
Sebastes paucispinis Bocaccid* 9571 225 m Major Included
Sebastes brevispinis Silvergray* 1007 300 m Shelf Included
Embiotocidae family Surfperch species NA NA Excluded
Hippoglossus stenolepis Pacific Halibut 271 274 m NA Excluded
Ronquilus jordani Northern Ronquil <150 m NA Excluded
Eptatetus spp. Hagfish 9171 366 m NA Excluded
Hydrolagus colliei Spotted Ratfish 507 400 m NA Excluded
Sebastes zaventrus Sharpchin Rockfish 2007 300 m Slope Excluded
Sebastes proriger Redstripe Rockfish 557 300 m Shelf Excluded
Zaprora silenus Prowfish 1007 250 m NA Excluded
Cottidae Family Sculpin species NA NA Excluded
Anarrhichthys ocellatus ~ Wolf Eel 07 309 m NA Excluded
Family Arhynchobatidae = Skates NA NA Excluded
or Rajidae
Unidentified species NA NA Excluded
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Table 6. Summary statistics and negative binomial parameter estimates for each project and study area combination for 18 species of
groundfish.Parameter estimates were generated using both a maximum likelihood and a Bayesian methods. Plots displaying goodness
of fit for each estimate method are presented in Appendix B. Plots comparing Poisson and negative binomial distributions are
presented in Appendix C. In both appendices figuresat provided for all species, research group and study area combinations.
Thesefigures were omitted in situations where very few sightings occurred. Ultimately, these low number of sightings resulted in a
model that was unable to coalesce around parameter estiFfated-isheries Group, RG = Reserves Group, NG = Nearshore Group,

SD- Standard Deviation, NaNNot a Number

# Positive Maximum Likelihood Estimates Bayesian Estimates
Sample Stations
Species Location Project Size (Percentage) Mean + SD Size + SD Variance Mu + SD Size + SD Variance
Black Entire State FG, NG & RG 2691 526 (19.55 %) 0.978 +0.067 0.086 + 0.005 12.154 0.983 + 0.096 0.086 + 0.005 12.242
Rockfish Nearshore FG, NG & RG 1523 526 (34.54 %) 1.729+0.112 0.173+0.01 19.041 1.731 +0.159 0.173+0.010  19.071
Offshore FG 1168 0 NaN NaN NaN NaN NaN NaN
South Coast RG 259 128 (49.42 %) 1.83+0.209 0.351 + 0.046 11.364 0.983 + 0.095 0.086 + 0.005 12.228
Cape Perpetua  FG & RG 62 20 (32.26 %) 2.418 £0.869 0.132 +£0.037 46.886 2,787 +1.671 0.138 +0.039 59.007
Central Coast  FG, NG & RG 863 340 (39.4 %) 1.97 £0.155 0.207 +0.015 20.723 1.98 +0.216 0.208 +0.015  20.827
EG 127 43 (33.86 %) 1.559 +0.341 0.184 +0.038 14.754 1.628 + 0.53 0.19 £ 0.039 15.602
NG 145 70 (48.28 %) 4.628 +0.852 0.213 £ 0.032 105.141 4.78 £1.304 0.215+0.034 111.034
RG 591 227 (38.41 %) 1.406 +£0.126 0.248 + 0.024 9.369 1.417 +0.18 0.25 £ 0.024 9.462
North Coast FG & RG 339 38(11.21%) 0.908 £ 0.263 0.037 £ 0.007 23.418 0.991 + 0.427 0.038 + 0.007 27.039
EG 314 35(11.15%) 0.92+0.278 0.036 + 0.007 24.323 1.02 +0.479 0.037 £ 0.007 28.92
RG 25 3 (12 %) 0.76 £0.744 0.044 +0.032 13.839 11.427 +158.573 0.063 £0.045 2095.166
Blue/ Entire State FG, NG & RG 2691 323(12%)  0.786 +0.075 0.043 +0.003 15.141 0.795 +0.11 0.043+0.003 15.414
Deacon Nearshore FG, NG & RG 1523 278 (18.25%) 0.91 +0.086 0.080 + 0.006 11.282 0.921 +0.123 0.080 + 0.006 11.507
Rockfish Offshore EG 1168 45 (3.85 %) 0.624+0.19 0.009 + 0.002 42.436 0.698 + 0.33 0.009 + 0.002 52.056
South Coast RG 259 80 (30.89 %) 1.139+0.177 0.186 + 0.029 8.099 0.815+0.109 0.045 + 0.003 15.604
Cape Perpetua  FG & RG 62 4 (6.45 %) 0.081 +0.043 0.187 £ 0.257 0.115 0.088 + 0.108 0.81 +0.895 0.097
Central Coast FG, NG & RG 863 169 (19.58 %) 1.106+0.14 0.081 + 0.008 16.12 1.120 +0.195 0.082 + 0.008 16.399
EG 127 31(24.41%) 2.354+0.729 0.085 +0.019 67.468 2.612 +1.317 0.088 + 0.02 80.136
NG 145 47 (32.41 %) 1.697 £0.375 0.154 + 0.029 20.391 1.753 £ 0.563 0.158 + 0.030 21.228
RG 591 91 (15.4 %) 0.692 £0.112 0.071 +0.01 7.473 0.712£0.164 0.072 +£0.01 7.804
North Coast EG & RG 339 25 (7.37 %) 0.389+0.13 0.028 + 0.007 5.738 0.432 +0.227 0.03 £ 0.007 6.687
EG 314 25 (7.96 %) 0.42 £0.14 0.031 + 0.008 6.169 0.468 + 0.247 0.032 £ 0.008 7.292
RG 25 0 NaN NaN NaN NaN NaN NaN
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