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Considering the myriad of ways in which advanced technology is being useukinegsresearch,
keeping atop ofithe newest developments is a challenge. The transfer of such specialized knowledge, even
within the-fisheries community, can be difficult, thereby hindering modespread use of advanced
technology in fisheries research. This predicament can be further comgaungie information
exchangefetween the freshwater anthrine fisheries communities dmnited. In a constantly stiing
technological landscapeffecting stronger information transfer about technology within theriistie
community willslead to greater innovation, broader application, and moréaffexd accurate science.
This is the(goal of the AFS Fisheries Information and Technology Section (FITS).

Over the next year, FITS will be coordinating regaalumns inFisheries to highlight some of
the ways in'which the latest advanced technologies are being used in marine and freshwater fisheries
research. To learn more, visitttps://units.fisheriesrg/fits/, find us on Facebodl@AFSFITS), and
attend the Section’s symposiwahthe 2019 Annual Meeting in Reno, Nevada.

Inthe mst several years, it hasdmme common fatock assessments digheriesresearch
projectsto incorporatelata from visuasurveys.Thesesurveys are not new in their own righs

researchers have been deploying cameras underwater for decallssrve various fish communities
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and habitats. However, tlggowing accessibility ofelatively cheapsmall form, highdefinition action

cameras (e.g., GoPros) Hasilitatedtherapid development of highly advanced underwater camera

systems. Researchers have accordingly begun to rely less on traditional means of collecting fisheries data,

namely extractive gears that often destroy benthic habitats. This has resulted in thh exka
development of numerous manrsdmersibles, raotely operated vehicles, autonomous underwater
vehicles statonary camera arrays, and towed camera platfofmsvith any type of sampling approach,
visualfisheriessurveys are not exempt from experiencing some level of d@sever, by usinglifferent
types ofadvanced technology, researchers agirining to address this issue by attempting to quantify
the bias in visual surveys atttereby improvelata quality

One,of the most common methods of deploying optic and acoustic sensors (e.gcametd® or
an imagingssonar, respectivelg)aboard stationary landers; these systems are used around the world and
vary in theirrespective designs and capabilities, biygitally have small deployment footprints
resulting in sparse areal coverage over the sampling doi@rpositive tradeff is that they can
generate data over long time periods within the sampled volume (applidapiendent). One of the most
notable sources of biassociated with these ground-tending systems (Textbiexliat they are often
baited Thismakes estimatig densities difficult due to unknown attraction distances (i.e. functional
sampling areas are larger than calculated sampling areas). Additionally, cameras tend toricte® rest
fields-of-views(=70) necessitating specialized count methods such as MaxN (Textbox 1; Campbell et al.
2018; Ellis and'Bemartini 199%¢ avoid double-counting individuals.

Recently;the convergencelifh-speedcomputing and advanced digital optics has resulted in
the creation of fulpherical camerad his has offerethe unprecedented opportunity to view the world
with “eyes inithesback of your headd it has also presentadinique in-situ approacHor investigating
the aforementionebiases associated with stationary land€hsough a Natinal Marine Fisheries
Service Officesof Science and Technology grant, the National Ocaagiidtmospheric Administration’s
Mississippi Laboratories received funding to evaluate existingsfierical camera technolgghen
design andabricatetheir ownsystem. The result is known as the SphereCam sy§&igore 1) which
produces fulispherical stereo imagery and is capable of sampling marine photic and mesophotic reefs

down to 300 m depthssing ambient light. The SphereCam allows for precise evatuatio

measurement of-the habitat surrounding the point sample, as well as precise tracking and measurement of

fish throaghout their environment. These camera araagsnounted on a stationary lander known as a
Reef ImmersiorDbservation TowerHigure 3, which is also equipped with a CTD sonde (Textbox 1)
and positioning beacon. This allows for precise deployment location ompfeglsion habitat maps
produced from multibeam echosounder (Textbogutyeys, such as those available from Simrad or

BioSonics The application of fulspherical camera technology in marine environments has begun in

This article is protected by copyright. All rights reserved



67  earnest and is showing promise in resolving issues of repeat counts as well as biases in detection
68  probability, relationships with true abundance, and relationsleifpesbn fish and their environments

69 (Campbell et al. 2018; Kilfoil et al. 2017).

70 Another common visual sampling appro@&myolvesmounting cameras aboard teleds. At the

71 University of ' South Florida, researchers at the College of Marine Science betpagystest a vehicle in

72 2013 called th€ameraBased Assessment Survey SysterBESS Figure J for use in assessing Gulf
73  of Mexico reef fishes and their associated habitats up to 200 m depths (LembR®&7 aThe GBASS
74  istowedat 3-4 knotsnear the seafloor arfths beerquipped withsix video camerathat are rigidly

75  fixed to the front of the systerfour cameras (two standard resoluti@nd two highdefinition camerayp

76  face forward at a slight downward angleand the remaining twstandad definition cameraare

77  mounted op'the“port and starboard sides of the tow body. When viewed together, the froagry six
78  cameras creaseatotal field-of-view thatis near 180°The system is also equipped with a suite of

79  scientific and performance sensors allowing for continuous measurevhémtsidity, chlorophyll,

80 temperature, salinity, depth, altitude, and attitude (Textbox 1) during dephbyl he altitude

81 measurements are especially important because they ensuhetG8ASS is kept between-2 m

82  above the bottom as it is being towed.

83 Similar tostationary landers, this approach is especially useful in untrawlable habitats (e.qg.
84  marine reserves.and/or reefs). However, the towed syltersin that it can be ddpyed for longer

85 durationsand movs at relatively fast speeds (3.5 to 4.0 knatglich allows for large tracts of seafloor to
86  be samplediin&airly short amount of time. Due to the downward camera orientation, estimating area
87  sampled is a fairly simple process and caagy@oximated by multiplying the fieldf-view by the

88 distance covered per unit time. This means raw fish counts can be converted into density dsiimates
89  are scalable to the extents of mapped and characterized h&dgtsse the BASS is towed near the
90 seaflor, a proportion of benthic reef fishisnot accurately sampled #ss typically foundslightly

91 higher in the water column than where the system is towed. This is of particular concern for species that
92 tend to stacKTextbox 1), such as Red Snappetjanus campechanus, as well as those that form large
93  schools which cannot be fully represented eBASS imagery

94 There is also the issue of avoidance behavior by fisitésh may negatively react to the passage
95  of theC-BASS hy,swimming away before being recorded. This would therefore lead to undatestof
96 thesereef fish specieSThe C-BASSscientists are therefotgying to correct for missing proportioasd

97  better understand the magnitude of reactive behayipairing video collection with another piece of

98 technology: a shipboard, calibratedestific echosounder (SIMRAD E80; Figure 4. This sonaunit

99  emitssound pulses at 38 kHz to collegiter column dataconcurrent to the C-BASS recording seafloor

100  imagery during every deployment. These data are reflections of indivisluarfd fish schools from near
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104

the seafloor up to approximately 10 meters belovs#@esurfaceand can be analyzed to estimate the
densities of ensonifieflextbox 1) fishes using different echocounting and echointegration teelsniq
The results are then paired wighoreference@-BASSdatato compare fish densities determined from
the echosounder data with those based on C-BASS vided tatgoalfor the CBASS
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105 and echosounder data comparisons is to de¢grminenow these two technologies complement one
106  another and can be used in tandem to better characterize reef fish abuimcargteout the West Florida
107  Shelf and Gulf of Mexico.

108 Although both othe examples here were developed for use in offsh@ene environments,
109 the technology is absolutely applicablest@llower, coastal marine systems as welteshwatetakes
110  This has, in fact, already been done by researchers at the U.S. Geological\8uo\asveloped a towed
111 camera system called tBeep ATRIS (Alongfrack Reefimaging Syster which could be used in

112  water depths of up to 90 rAdwada et al2008). In addition to applying these technolodgaedifferent
113  environments, thre are also ways to make the systems scalabl#faredt budgés. The SphereCam
114  already employfairly low-cost technology with all of the cameras being GoPros, which prdniigice
115  qualityimagery'However, the instrumentation used in the paired sonar and towed sysiane ivas
116  on the higherend of the cost spectrisecausehe CBASS was custormadeandis fairly large and

117  robust, thedotal costo build and outfit it with all of the current instrumentatisas approximately

118  $200,000and the EK6@&chosounderanges ito the hundreds of thousands of dollars to purchase and
119  install. A “readymade” towed camera systatnes decrease costs (~$100,000) and it can purchased
120  “plugin ready”’from an underwater technology compaHgwever,to decrease costghile retaining

121  functionalityand the ability to customizene could dowscalea towed cameraystemike C-BASSto
122  make it meresafferdabld®y the estimates of the-BASSengineering team, a uriialf the size of €

123  BASSwith the Same instrumentation but only two cameras could be built for apptelird425,000.
124  Not only'would-everall cost decrease, but because the system would be physically smaller, it could be
125  deployed from a smaller research vesgaich affords users lower day rat¢the GBASS currently

126  weighs appreximately 600s in air and, as such, requires a lamgach capable of deployind). By

127  pairing a smallerntowed camera systeith a lower cost fishées sonaaboard a moddgtsized
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128  research vessel, the same type of work as presenteditfethe EK60 and CBASS could be replicated
129  with a similar scope, buit a greatly reduced cost

130 Though fisheries surveys will likely never escape various degrees of bias due to gear selectivity,
131  variable detection abilities, and reactive behavior byidies themselves, there are ways to reduce and
132  quantify theireffects as demonstrated by these systems. What is also noteworthy about the two case
133  presented here is that the first example did not rely on prohibitivelynexgeequipment (e.g. GoPjos
134  and in the second, the technology being used was not exceptionally novel (i.e.quaiargand

135  cameras), which makes them applicable to a wide fisheries audience.
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