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Executive Summary

Offshore sand shoals are common geomorphic featutes &fS continental shelf and offer greater

diversity in bathymetry, sediments, and ocean currents compared to the soft bottom habitats that surround
them. Available evidence suggests that sand shoals support unique marine communities and are utilized
by dazens of species of economic value or conservation concern. Given the strong spatial and seasonal
heterogeneity that typifies shelf species assemblages, repeated sampling over multiple years is required to
adequately characterize shoal communities. Whigdl@hging to obtain, the need for these kiagn

datasets is growing because offshore shoals are an increasingly coveted sand source for shoreline
restoration projects.

The passage of Hurricane Sandy in October 2012 resulted in extensive shorelinea¢sngiomuch of

the US Atlantic Coast. In response, Congress tasked the Bureau of Ocean Energy Management (BOEM)
with improving coastal resiliency in the region, including, among other actions, research to better describe
natural shoal ecosystems and towtoent dredging impacts on marine species. One area selected for in
depth study was the Canaveral Shoals, the largest sand shoal complex on the east Florida shelf and an
important sand borrow site for multiple beach nourishment projects. The purposeeffiothigas to

better document local habitat and associated fauna, information important for refining dredging best
management practices. Survey techniques have included traditional sampling such as sediment grabs,
plankton tows, and benthic trawls, butenphasis was also placed on the study of larger sharks, bony
fishes, and sea turtles. These mobile and often migratory groups are rarely the focus of shoal surveys, but
continued advances in automated monitoring technology now make it easier to dotimnent t

distribution and behavior in open ocean habitats.

This report serves as a supplement 2089 BOEM reportitled Behavior, Seasonality, and Habitat
Preferaences of Mobile Fishes and Sea Turtles Within a Large Sand Shoal Complex: Insights from
Traditional Sampling and Emerging Technolodiiedrate et al. 2019)This second account is intended to
provide a final summary for several project aspects includihbabitat use and behavior of coastal

fishes determined using fixestation acoustic telemetry, (2) Wave Glider unmanned surface vehicle

(USV) surveys to relocate acoustically tagged animals over a wider area, (3) habitat use and migrations of
nesting lggerheadCaretta carettq and greenGhelonia mydassea turtles using satellite telemetry and
inertial measurement unit tags, and (4) passive acoustic monitoring to document the ambient, biological,
and human components of the ocean soundscape of thgatalnShoals.

Acoustic tracking efforts included local tagging of 747 individuals from 14 target shark and bony fish
species. Fish movements were followed through an acoustic receiver array of up to 62 stations deployed
on the shoals and in adjacent deepater, as well as along the Canaveral shoreline and offshore reef

tract. Over a siyear period (201132020), 1,200 fish from 42 species (17 bony fishes, 16 sharks, and 9
rays) were detected, including species tagged locally plus those released by B&setireh groups at

various locations along the US East Coast, Canada, Bahamas, and Mexico. Except foradsocabd

red snapperLutjanus campechanyshigh mobility within the study area was consistently observed

across species. Htepth analysethrough 2018 demonstrated that community structure was influenced by
season, water depth, and distance from shore. A general northward migration was also observed in many
fish species each spring, with tagged individuals returning teceastal Floridan fall for several

consecutive years. Additional evidence through 2020 further strengthened these conclusions. The
Canaveral fixeebtation array also regularly detected Atlantic sturgéampenser oxyrinchgsn winter

and smalltooth sawfistPfistis pecinata) in spring and summer, federally protected species whose habits
off east Florida are poorly known.

Eight Wave Glideunmanned surface vehialeployments were conducted quarterly from 2@049
and included a survey zone extending beyond the core Canaveral Shoals project area. On average,


https://www.boem.gov/sites/default/files/non-energy-minerals/BOEM-2019-043.pdf

deployments lasted 24 days and surveyed 1,200 km along a preplanned transect. A total of 331 separate
encounters with 167 acoustically tagged animals in 20 species were recorded; blacktip shark
(Carcharhinus limbatus blacknose shark3, acronotu}, finetooth shark@. isodor), and red drum

(Sciaenops ocellatysvere the most commonly detected species. Higheounter rates occurred in fall

and winter, and generally in waters adjacent to
receiver at three separate depths yielded 50% and 20% positive detection ranges at 350 m and 500 m,
respectivelyBoosted regression tree models demonstrated that distance between the acoustic transmitter
and the glider explained 65% of the variance in detection probability, while ocean currents explained a
further 9%. When considering identical timeframes, the Waliagerd functioning as a single mobile

received detected, on average, 64% of the species and 40% of the animals, but less than 2% of the
detections logged by the local fixsthtion receiver array. Further, the duration of animal encounters with
the Wave @der averaged only 14 min, shorter than encounters on fixed stations for almost all species.
Nonetheless, the glider demonstrated its ability to navigate the complex bathymetry surrounding the
shoals and to provide highly localized habitat informationithaften unavailable for animals moving

through fixed tracking arrays.

In summer 2018, 10 female loggerhead turtles were tagged with satellite and acoustic transmitters, and
inertial measurement unit (IMU) tags as they nested on beaches adjacemsthiwetke This effort, which
supplemented satellite and acoustic tagging of 14 loggerhead and 11 green turtles in summer 2017, was
designed to reveal local habitat use, fsvale diving behavior, energy consumption, and-pesting

migratory pathways. Tuds tagged in 2018 sperit25 days offshore easentral Florida but with visits

to the core project area generally only lasting oiily days. Shallow waters along the shoreline and

flanks of the Southeast Shoal were areas of high use for loggerheadsniandl use of the active

dredge site or a nearby control site farther offshore was observed. Amtatemodel applied to satellite
telemetry data determined that only 5 of 10 loggerheads exhibited local exploratory (as opposed to
migratory) behaviorsuggesting that some individuals may not forage locally during or after nesting
periods. Dive behavior revealed by IMU tags was highly variable across individuals with dives averaging
2110 m in depth andi28 min in duration, and with turtles spending 24% of their time submerged.

After nesting, six loggerheads migrated north along the US East Coast as far as Virginia, with the rest
moving to the Bahamas or Gulf of Mexico. In general, results from 2017 and 2018 were similar and
confirmed that turtles ramgwidely throughout eastentral Florida during their summer nesting season,
show a preference for shallow nearshore water and shoal margins when in the vicinity of the Canaveral
Shoals, and disperse long distances throughoutditewestAtlantic once nsting is complete.

The ocean soundscape comprises sounds originating from physical processes, living organisms, and
human activities. Analyzing soundscapes provides insight into species behavior, local biodiversity, and
overall ecosystem health, but momitg has historically been beset by technical and logistical
challenges. Autonomous fixestation and Wave Glidenounted acoustic recorders were used to
catalogue the sources of oceanographic, biological (e.g., invertebrate, fish, and marine mammals), and
anthropogenic sounds in the Canaveral Shoals region. Seaftaorted recorders were deployed
periodically from February 201@ugust 2020 at three sites. Samples analyzed from June 2018 showed
relatively high broadband sound levels (102 2 d B 2%Ha, arld the relative contributions from
vessel noise and fish was quantified. Glidlased recordings from July 2020 summarized the ambient
spectrum across different depths, sea state, and wind speed. The highest variability in power spectrum
density leels was noted in shallower transects, and an increase in biological noise after dusk was
observed in all transects, largely linked to robust nocturnal fish spawning choruses. Fixed stations were
also used to characterize sound produced by the suctionrrdrpdegeliberty Islandduring active sand
borrow activities. Longermspectral average plots suggested high persistent noisedleameds when the
vessel was not actively dredgihgvith results comparable to previous recordings from this same vessel
off Virginia. Finally, both fixed and glidenounted recorders documented mafiecies fish spawning



choruses, primarily comprising representatives from the families Sciaenidae, Triglidae, and
Batrachoididae. Two distinct choruses were apparent in many sumcoedings, including one with

peak levels roughly one hour past sunset dominated by sciaenid fishes and a second peaking
approximately3 hours after sunset that was composed almost exclusively by loud and persistent hums of
the Atlantic midshipmanRorichthys plectrodoj Greater intensity and diversity of species calls were

noted near the control site relative to the dredge site, a finding that may be explained by natural variation
in the benthic fish assemblage throughout the Canaveral Shoals or deicagpdisturbances of the

benthic community at the dredge site.

Taken together, and considered in context with earlier findings, the greater Cape Canaveral region clearly
plays an important role for many federally managed marine species by consisteitily & an

overwintering area for many coastal sharks, red drum, and even Atlantic sturgeon, and as regular summer
destination for federally listed sea turtles and smalltooth sawfish. Nonetheless, no evidence was produced
suggesting that shallow shoalget features often targeted for sand extradliomere proportionally

more valuable than surrounding habitat or that mobile fish or turtles used an active dredge site differently
than a nearby control site. Moreover, high mobility, low site fidelity, aneinsite seasonal migrations

were behavi@observed across most managed fish and turtle species. While seasonal abundance patterns
are always locatiodependent, these behavioral traits are likely more consistent across shoal habitats
throughout the US sdueast and Gulf of Mexico and should moderate the impact of-scw# dredge
disturbances, assuming that sites are not located near other sensitive habitats and appropriate operational
and seasonal safeguards for dredging activities are implemented.
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1 Introduction

1.1 Background of the Study

Coastal erosion is a significant and growing issue along the US East Coast and Gulf of Mexico, as it is
throughout much atheworld. Erosion occurs naturally in response to wavesstorhs buts also
increasingly an@onvincingly linked to human activiiVilliams et al. 2018)Major sources of manmade
erosion result from sea level rise and increased storm frequency and intensity spurred by rising
greenhouse gas emissions, as well as purposeful alterations tmesahiking construction of jetties and
seawalls, filling of wetlands, clearing of mangrove forests, and numerous other (&ctaria et al.

2018) Given the high concentration of human population and infrastructure common along coastlines,
efforts areoften required to counteract erosion and to proactively fortify against future erosion risk.

One of the most common ways to restore shorelines is to suppéemenourist® with sand from other
sources. In many regions, sand from readily accessible t&tésiposits is unavailable or depleted, and
there is a growing demand for offshore sand to fill this dgfigtiong et al. 2016; Knorr 2017)

Significant deposits of beach quality sand can often be found in offshore shoals of the outer continental
shelf (OCS). Shoals are submerged ridges, bars, or banks formed from sand or gravel that are shallower in
depth than surrounding areas. Shoals can sometimes present undulating ridge and swale topography or
connect to form shoal complex@sayes and Nairn 2@0 Rutecki et al. 20145and shoals are common
geomorphic features found in many regions. In the US Atlantic, for example, shoals of various
classifications cover roughB% of the continental shelf by aréRickens et al. 2021Yhesedeposits and

are now increasingly tapped to rebuild beaches, dunes, and wetlands, with sand transfer to the shoreline
generally facilitated with the use of large dredges.

The 1953 Outer Continental Shelf Lands Act charged the Bureau of Ocean Energy Mamd&shkM)

with the responsibility for managing mineral access on the US OCS, defined by law as water of the US
Exclusive Economic Zone (EEZ) beyoRdautical miles from shore in most areas, @mailes from

shore along Texas and the Florida gulf coa&tEBBM6 s Mar i ne Mi neral s Program |
offshore sand resources though a lease program and works with states and municipalities to identify
suitable sand deposits and streamline project permitting and logistics. To date, OCS sand has been used in
restoration projects from New Jersey through Louisiana, repairing over 700 km of sh@elEd

2021) Like all Federal agencies, BOEM must take steps to minimize damage to habitat and wildlife
resulting from actions they fund or sponsor under prongsiet forth by the National Environmental

Policy Act, Endangered Species AEISA), Marine Mammal Protection Act, and Magnus8ievens

Fisheries Conservation and Management(Aomlinson et al. 2007 BOEM also funds research to

describe the marine conunities associated with shoals and to measure their response to and recovery

from dredging operations. Results from these projects are used to responsibly select dredge sites and to
customize best management practices that minimize impacts to marineolifeear offshore sand

borrow project areas. Specific actions will often include mandating seasonal dredging restrictions,

updating equipment requirements, monitoring threatened and endangered species, and establishing buffers
around sensitive habitai&e reefs.

1.2 Study Goals

In the aftermath of Hurricane Sandy in October 2012 -pmstn damage assessments along the US East
Coast identified several critically eroded shorelines that would likely require access to OCS sand for
beach nourishment. Congreasakly funded BOEM to undertake several initiatives intended to



accelerate coastal resiliency planning for the region. The initiatives included updating offshore sediment
maps and databases, archiving sediment samples in a national repository, anddoomenative

agreements with Atlantic states to streamline nourishment projects. Funds were also allocated to support
longerterm studies to better describe the habitat value of OCS sand shoals, recognizing tyatamulti
monitoring was needed to fully afzaterize the highly variable physical habitat and biological

communities that typify these features.

Cape Canaveral, on the central east Florida coast, was selected by BOEM as a priority research area. The
Canaveral region features the largest sand stowaplex on the Florida east coast and includes one active
OCS sand borrow site that has been repeatedly used as a sand source for projects designed to renourish
nearby eroding beaches (

Figure 1). The region also possesses a robust complement of oceanographic and biological monitoring
infrastructure, adding valuable context to study results. Most importantly, Cape Canaveral is recognized
for its high biodiversity and supports a large number dérfally managed fish and sea turtles. Many of

these species range widely throughout the US South Atlantic and Gulf of Mexico, so findings have
relevance to analogous shoal sites in other areas. This BspBNsored work was multiisciplinary but

included & emphasis on large predatory fishes and sea turtles, groups that are poorly represented in
previous shoal assessments due to their high mobility and migratory life history strategies. This focus was
facilitated by advances in electronic tagging and ogéider technology that allows animal movement

and environmental conditions to be more easily documented in open ocean environments.

The purpose of this report is to

(A) Provide a final sixyear accounting of fish and sea turtle distribution on and adjactrd to
Canaveral Shoals based on movement through a regionaktiagdn acoustic telemetry array

(B) Summarize the results of eight Wave Glider unmanned surface vessel surveys of the Canaveral
Shoals region designed for oceanographic mapping, mobile tramkémpustically tagged animals,
and acoustic range test trials

(C) Describe the distribution, behavior, and migrations of female loggerhead sea turtles on the
Canaveral Shoals using satellite, inertial measurementlitiX), and acoustic tags

(D) Present findingsf passive acoustic monitoring from fixatation and Wave Glider sound
recorders that quantified the ambient, biological, and anthropogenic components of the ocean
soundscape of the Canaveral Shoals region

1.3 Relationship with Other Research

This report sares as an extension of work conducted from 2013 through 2018 by the same research team,
whose initial results were released in a 2019 BQEMrititled Behavior Seasonality, and Habitat
Preferences of Mobile Fishes and Sea Turtles Within a Large Sand Shoal Complex: Insights from
Traditional Sampling and Emerging Technolodfiegrate et al. 2019)The synthesis, review, and
dissemination of this long durati®rand somewhat eclecéicresearch project was best served by

offering results in two parts. Efforts were made here to not simply rehash previous analyses and
conclusions. In the several instanedsere full details are already available in the 2019 report (or other
resources), the reader is referred there. An emphasis of this second report is also to convey lessons
learned with respect to animal tracking and Wave Glider deployments. This pegjetiany successes

but also unexpected challenges. Providing a forthright accounting of these shortcomings should aid future
investigators with similar goals.


https://www.boem.gov/sites/default/files/non-energy-minerals/BOEM-2019-043.pdf
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Figure 1. Overview map of Cape Canaveral
Important features of the Canaveral study area, including all named shoals, the active CSll dredge site, important
nearby reef areas, and National Data Buoy Center (NDBC) wave buoys.



While the bulk of the research presented here focuses on mobile fishes and seattuetl &OEM
sponsored habitat mapping efforts and biological surveys were simultaneously conducted at Cape
Canaveral. These efforts, led by the Program of Fisheries and Aquatic Sciences at the University of
Florida, included bathymetric surveys, sediment mappingkpa tows, invertebrate sampling, benthic
trawls, dietary studies, trophic interaction models, and even additional acoustic tagging of fishes,
primarily benthic rays, and flatfish. Details of these aspects, which are focused more narrowly on
comparisons étween thactivedredge site and two nearby reference sites, can be found in a forthcoming
report byMurie and Smith (2022)inally, this research has both berefirom and subsequently
supported many specigpecific studies now published in the pesriewed literature including work on
the lemon sharkkessel et al. 2014; Reyier et al. 201€Bnd tiger sharikneebone et al. 2014)

scalloped hammerhead sh#@Barker et al. 2019; Lyons et al. 2020; Barker et al. 20&2hglltooth
sawfish(Graham et al. 2021; 2022)ownose rayOgburn et al. 2018; Bangley et al. 2024nd Atlantic
tarpon(Griffin et al. 2018) with several others in development.

1.4 Value of Shoals to Fish and Sea Turtles

By definition, sand shoals on the continental shelf differ from adjacent habitats in terms of depth, but they
also typically offer greater variability in sediment types, seafloor morphology, and turbidity, and thus
provide unique foraging, predator avoidance, and reproductive opportunities for many marine organisms
(Diaz et al. 2003)Shoals are also dynamic locations, subjected to higher rates of natural change in their
physical structure due to increased disturbarmma fvave action, currents, and storms. These conditions
often collectively result in biological communities that differ from adjacent habitat (Regscki et al.

2014)

The cumulative knowledge regarding the composition and diversity of sandcehmalnities has

expanded dramatically in recent decades, in large part due to monitoring that accompanies dredging
operations, particularly in Europe and North America. These efforts have historically focused on benthic
invertebrate groups because theyrawest directly disrupted by sand removal. The effects of dredging on
invertebrate populations can be severe, albeit often temporary, especially for immobile epifaunal (on
surface) and infaunal (in substrate) organisms unable to avoid the dredge islei€aterto nearby
undisturbed substrates. A full discussion on the consequences and recovery of dredging to benthic
communities is beyond the scope of this regmrt thorough reviews are availapilecluding byBrooks

et al. (2004, 200&ndMichel etal. (2013).

Shoal fish communities have received more limited attention tololattéhere is evidence that they

support unique, albeit sometimes depauperate, fish assem{éagest al. 2003; Kaiser et al. 2004;
Vasslides and Able 2008; Slacum et24110) In the US south Atlantic region, sand shoals have been
recognized as habitat for at least 215 fish spdBlatecki et al. 2014)Smaltbodied schooling

planktivores such as sardines and herring likely use shoals intermittently for feedigg, eefd

spawning, whereas benthic flounder, skates, lizardfish, and drum may be troewwhresidents

(Brooks et al. 2005; Michel et al. 2013)s is the case in most shelf habitats, slasabciated fish

communities often vary dramatically acrosases and are also influenced by the habitats that surround
them(Zarillo et al. 2009)Pickens and Taylor (202(pr example, determined that the abundance of

many fish and shrimp species in the US Atlantic and Gulf of Mexico was positively reldsddang

other factors) distance from wetlands and estuaries. In many shoal surveys, however, patterns in biomass
and diversity across depths and seasons are obscured by high catch variability or limited sampling effort.
Fish of direct economic value amatively rare and primarily represented as juveniles, in part because
common sampling gears such as trawls, plankton nets, and benthic sledsuatediffor documenting the
presence of larger mobile species. While managed fishes are common on si@als,shoal use by

large species including sharks, red drum, reef fish, and coastal migratory pelagics (e.g., mackerel and
cobia) remains a considerable knowledge (@apkens et al. 2020)



The use of shoals by sea turtles is evendesigrstood. Four marine turtle species are widely distributed
along the continental shelf of the southeastern US including loggei@aeett carettd, green

(Chelonia mydgs , K e mp Gepidachelgsikemypijiar{d leatherbaclDermochelys coriacgawith
juvenile and adult life stages present at different times of the(@ear et al. 1980; Butler et al. 1987;
Henwood 1987)Loggerhead and green turtles are by far the two most abundant turtle species in this
region. Their range and habitat requiretsdsroadly overlap, but their divergent diets suggest they use
sand shoals in different ways. Juvenile and adult loggerhead turtles feed primarily on benthic mollusks,
crustaceans, and other invertebrg¥sungkin 2001that are often abundant on sahdals. In contrast,
juvenile and adult green turtles prefer shallow seagrass andttaefied macroalgdBjorndal 1980)hat

is rarely associated with offshore shoals. Green turtle use of shoals therajdre sporadic, with their
presence representj periods of transit between feeding grounds and nesting beaches. Leatherbacks nest
in small numbers on southeast Florida beaches but otherwise prefevateepelagic environaway

from shoalswhere they feed predominately on gelatinous jellyfishsalgs(Dodge et al. 2011} ike

|l ogger heads, ks eeedpid isvertebirate préeney and NMukiek 200and may rely on
shoals as foraging aredmit these turtles ammuch rarer throughout the region

1.5 Dredging Impacts to Fish and Sea Turtles

OCS sand borrow activities generally require the use of largebshife dredges. The dredge removes

sand from offshore deposits and transfers it to the shore where it is manipulated and graded to meet
predefined engineered specifications. Commoergygf dredges include cutterhead suction and suction
hopper dredges, with the latter generally the most feasible for projects exploiting sand deposits far from
shore. Several good reviews summarize the effects of dredging on fishes and turtles, mbsbyecent
Michel et al. (2013), Wenger et al. (2017), and Pickens et al. (2P2haps the most edited impact to

fish and turtles from dredging is the resulting damage to benthic invertebrates, which in turn reduces a
borrow ar eads ocomsynarsathigher trophicdeuvefedditionatly, both fish and turtles

are sibject to entrainment in the dredge itself. Fish are generally entrained at relatively low levels with
rates dependent on dredging method, habitat type, and location, although entrainment rates from OCS
sand dredging activities are largely unstudiRdineand Clarke 1998ea turtle entrainment has

historically been a regular source of mortality in suction hopper dredging projects throughout the
southeastern US, althou@ltoccursmore often during navigation channel maintenance as compared to
sand borrw activities. Loggerhead turtles are especially prone to entrainment due to their abundance near
shore, benthic foraging habits, and use of dredged harbors and channels for thermal relief during cold
water periodgHenwood 1987; Dickerson et al. 199Bpr both fish and sea turtles, foraging and
reproduction could also be disrupted from turbidity associated with sand removal, increased
sedimentation on adjacent hard bottom, and noise from the dredge operation.

1.6 Study Area Description

The greater Cape Carexal region offers the most expansive sand shoals along the Florida egst coast
including several individually named shoal features collectively referred to here as the Canaveral Shoals
complex. The most significant are the Southeast Shoal and Chestenn8baapeassociated shoals

with minimum depths of 3 and 4 meters (m), respectively, as well as the smaller Bull aridebteb

Shoals located farther offshore (

Figure 1). The seafloor on and adjacent to these shoals consists of undulating and parallel ridges
(bathymetric highs) and swales (lows) that are each generally several hundred meters acrosseOne activ
sand borrow aréathe Canaveral Shoals Il (CSII) gitevas established on the eastern edge of the
Southeast Shoal. This site has been used as a sand source for several regional shoreline nourishment
projects since 20Q0ncluding dredging events in 201327, and 2021whichcoincided with this study.



CSll lies inFederal water8 miles east of Port Canaveral at depths of 3 to 13 m and currently contains
approximately 20 million cubic yards of beacbmpatible sanBOEM 2017) A second sand borrow

sitein Florida state waters (CSI) has been identified but not yet utilized. The Canaveral shoreline is

among the least altered of the Florida Atlantic Coast with no residential or commercial development.
Human habitat disturbance is limited to National Aeradicaland Space Administration (NASA) and US

Space Force space launch infrastructure offset from the beach several hundred meters. The shoreline itself
is eroding in certain locatiorid&dams and Jaeger 2013and dune nourishment from upland sand sources

has been required to protect NASA launch pads from potential storm surge. A fuller description of the
study area is available Iafrate et al. (2019)

The Canaveral region is a widely recognized climatic transition zone, a boundary largely defined by its
temperature regim@ilmore 1995) While winter water temperature remains above 15 degrees Celsius
(°C) most years, a strong noitbuth temperature gradient is often present with waters south of the Cape
and ismore directly influenced by the warm niostard flowing Florida Current. Summer temperatures
commonly reach 280°C, but deepwater upwellings occur every few years resulting in some of the
coldest water temperatures of the year in July and A{§uasith 1983) Nearshore currents alternate
between a predominantly north or south flow with a mean velocity of only 7 centimeters per second
(cm/sec) and a maximum rarely exceeding 25 cniideé\rthur and Parsons 2005ajidal range

averages roughly 1 m and no majioers or coastal inlets occur locally so salinity remairis38parts

per thousandpft) yearround. The Indian River Lagoon (IRL) estuary lies directly inland of the study
area although the nearest tidal inlets are Ponce de Leon Inlet (60 km norf@bastian Inlet (62 km

south), as well as an intermittently open lock system in nearby Port Canaveral. Ocean waves are primarily
out of the east and northeast with a median height of 0.75 m and median period(M@&\stlsur and
Parsons 2005apuringthis study, three hurricanes directly impacted the Canaveral régiturding

Matthew (October 2016, Category4, Irma (September 2017, Categoi), and Dorian (September
2019, Category 2), which resulted in maximum wave heights of 9.1, 8.1, anda7 tBehNDBC Buoy

No. 41009 to the northeast of the shoals (

Figure 1).

Sediments in the project area are predominantly medium to coarse quartihsk sand(Field and
Duane 1974)Sediments along the beach and at the crest of shoals are generally coarse due to high
amounts of shell fragmen{sleisburger and Duane 1978ediments in deeper areas are typically
smallergrained and well sortewvith the finest sediments retained in Canaveral Bight in the lee of the
Southeast Sho§Grosz et al. 1989; Hoenstine et al. 1999; McArthur and Parsons 2@0bbjpdated
BOEM-sponsored sediment map, whose underlying data from 2015 was used in certain ahfifses
and turtle core use areas in this study, can be foukldiiie and Smith (2022).

Natural hard bottom reefs are widely distributed offshore Cape Canaveral and typically consist of low to
moderate relief limestone outcroppings. Reefs to the e#is¢ ghoals orient in nortsouth lines

commonly referred to as the-f&hom, 2ifathom, and 2¥athom ridges. These reefs are colonized by a
variety of sessile invertebrates, harbor high fish diversity, and sustain populations of reef fish of great
econonic value to east Floridégsedberry and Dolah 1984; Coleman et al. 2000; Rowe and Sedberry
2006) Along the 12fathom ridge immediately east and north of the Canaveral Shoals, some of the most
popular tracts for anglers and divers include Pelidats, 8A Reef, Chris Benson Reef, and Coast Guard
Bottom (

Figure 1). Reef habitat is still poorly surveyed off Canavgal there is little evidenoef extensive reef
structures within the primary Canaveral Shoals study (@e&ins et al. 1997; lafrate et al. 2019)



1.7 Fish and Fisheries Associated with the Canaveral Shoals

A full review of fish communities, historic and ongoing monitoring programs, and economically valuable
fisheries in the greater Cape Canaveral region is foutadrimte et al. (2019)To summarize, Cape

Canaveral has long been recognized as an area tieal and warmtemperate fish faunas intermix,

resulting in among the highest fish diversity in the western North Atlantic GBeigigs 1974; Gilmore

1995) This richness is due to several faataors inclu
Current which offers strong winter temperature gradients suitable for many species as well as a steady

source of tropical fish larvae from south Florida and the Caribbean. There are also several available

habitat types (in addition to sand shoals¢luding a high energy surf zone, unconsolidated-sandl

plains, nearshore reefs and wrecks, and-aespr corals, each supporting a somewhat unique fish fauna

(Durako et al. 1988; Gilmore 1995)

A growing recognition of the economic value of shelfifises off the southeastern US has prompted

more rigorous monitoring of shelf fish communities in east and northeast Florida. Perhaps the most
comprehensive is the Southeast Area Monitoring and Assessment Program (SEAMAP), a standardized
trawl survey desiged to document the abundance of shelf fishes and macroinvertebrates over soft bottom
habitats from Cape Hatteras to Cape Canaya@MFC 2000) BOEM has commissioned trawl surveys

in east Florida including exploratory inventories at potential future borrow sites from Canaveral to Jupiter
(Hammer et al. 2005nd Daytona to Jacksonvil{Earillo et al. 2009)although sampling effort in both
instances was limited. A recent and much more intensive BSfdvsored trawl survey at Cape

Canaveral byurie and Smith (20223lsohas been completedcently. Reef fish communities of the

South Atlantic Bight have been surveyed by the Marine Resouroridving, Assessment and

Prediction (MARMAP) program using traps, longlines,-redl, and video. More recently, the Florida

Fish & Wildlife Conservation Commission (FWC) has begun sampling to refine life history
characteristics of the intensively managed snapper in east Florida.

Waters on and around the Canaveral Shoals support robust recreational and commercial fisheries. Penaeid
shrimp represents the largest commercial fishery by both pounds and dollar value in the region (Heather
Konell, Atlantic Gastal Cooperative Statistics Program, pers. cqmitt) white shrimp Litopenaeus

setiferuy dominating landings most years. Shrimp are collected by bottom trawls, primarily in cooler
months, and often on or very near the shoals. Coastal sharks artaataget of both commercial and
recreational fishermen. Commercial gears include longlines and gillwtéth by law are restricted to

Federal waters more th@mautical miles from shore. Port Canaveral is also the home port to charter

vessels who sp@lize in nearshore shark fishing trips, often in the Canaveral Bight just south of the
Southeast Shoal. Spanish mackerel are fished commercially directly on the Canaveral Shoals, primarily
by small gi |1 net boat s d udoryiperigds. There arsaiserobustlsutd s pr i n
seasonal recreational fisheries near the shoals for red drum, cobia, tripletail, tarpon, Florida pompano, and
many other sportfish.

Cape Canaveral also lies within the geographic range of the protected smalltdisth §ristis

pectinatg, giant oceanic manta rallfbula birostrig, and Atlantic sturgeorAgipenser oxyrinchus

oxyrinchug, all of which are listed under the 19E3$A and whose status must be considered during

dredging projects. The largest remaining/sh populations are found in southwest Flor{Btaulakis

and Seitz 2004; Norton et al. 201B)t observations have been increasing along the Florida east coast
(Graham et al. 2021)ncluding several during this study that are summarized in Section 2. Sawfish have

an affinity for sand shoaliNMFS 2009)so the Canaveral Shoals may be considered important habitat for
the species as its population recovers. Manta rays are widelputisti throughout the southeastern US

(Miller and Klimovich 2016)and some individuals can be expected off east Floridargead. Based on

genetic analyses, a second species of manta may also be present but has not yet been formally described
(Hosegmd etal. 20200 Mant a aggregations at Cape Canaver al a



spring migration, and summer celdhter upwellings occasionally push manta rays onto the Canaveral
Shoals in large numbers. Manta behavior and habitat nefeelssbvf-lorida is poorly known but is a focus
of future BOEMsponsored resear¢Herman et al. 2021 Atlantic sturgeon range from Canada to
northeast Florida. Easentral Florida is considered the southern extent for the spetiere it

considered ug rare;Gilbert (1992)noted only 11 confirmed records south of the Geekdigida border
since 1900, of which onlg occurred south of the St. Johns River. As with sawfish, however,
observations are increasing and include multiple records from trentstudy, detailed in Section 2.

BOEM has an obligation under the Magnusitevens Fishery Conservation and Management Act
(MSFCMA) to minimize disruptions to fish habitat resulting from sand borrow activities on the OCS.
Essential Fish Habitat (EFH) uedthe MSFCMA has been defined for over 90 fishery species off Cape
Canaveralincluding those in the Spiny Lobster, Shrimp, Highly Migratory Species, Coastal Migratory
Pelagics, DolphifWahoo, Bluefish, Summer Flounder, Red Drum, and the Sn#&jnoeper MPs. Most
species are managed by the South Atlantic Fishery Management Council (SAHNtD) has

jurisdiction forFederal waters from North Carolina to south Florida. A small number of species are
jointly managed with the Gulf of Mexico Fishery Managenteatincil (GMFMC) when stock

boundaries justify it. In addition, highly migratory fish species such as tuna, billfish, swordfish, and
sharks are directly managed by the NMFS. Finally, the Atlantic States Marine Fisheries Commission and
Mid-Atlantic Fisheris Management Council manage bluefish, summer flounder, and red drum because
most harvest now takes place in state feateral) waters. Furth@iore as of 2017, the entire easintral
Florida Coast from Canaveral to Jupiter was classified as HabitabARzaticular Concern (HAPC) for
lemon sharks, one of only three sharks in the US Atlantic with an HAPC designation. Small amounts of
HAPC have also been established locally (including near CSllI) for spiny lobster and the-graypear
complex based onidtoric records of putative hard bottom. A complete list of species with local EFH is
found inlafrate et al. (2019)

1.8 Sea Turtles Associated with the Canaveral Shoals

Four species of marine turtles regularly occur in the vicinity of Canaveral SluggjerheadCaretta

carettg, green Chelonia mydays , K e mp &epidachelgslkemyiiar{d leatherbackDermochelys

coriaceg. Loggerheads and greens are by far the most copandrboth nest in large and increasing

numbers along Cape beaches. A smafthber of leatherbacks nest each year, and there are recent
confirmations of Kempds ridley nesting, a behavio
Florida supports the largest loggerhead nesting population in the western hemispheréngdco@9%

of all nests and 90% of all hatchlings produced in the Atlantic Od@gaihart et al. 2003; TEWG 20Q09)

Although annual green turtle nesting in Florida and Cape Canaveral occurred in relatively low numbers
through the 1980s and 1990s, thmimbers may soon surpass loggerheads based on trends observed over

the last 20 years.

Early marine turtle research in the Canaveral region centered on the Port Canaveral Harbor and associated
shipping channelwith specific interest in understanding tideractions between turtles, shrimp trawling,
dredging and construction activities, and vessel tréffenwood 1987; Dickerson et al. 1995; Dickerson

et al. 2004) As early as the 1970s, large numbers of turtles, especially loggerheads, were notig using
Canaveral Harbor and navigation chan(@eltler et al. 1987; Henwood 198Although more frequently
observed in spring and summer, they were also present in winter when water temperatures dipped as low
as 11°Q(Schroeder and Thompson 19&nd wee even found hibernating within the walls of the

shipping channel itse{Carr et al. 1980)In the early 1980s, Canaveral Harbor was the only US

navigation channel regularly monitored for potential huatie interactiongDickerson et al. 2004)

NMFS and the US Fish and Wildlife Service (USFWS) jointly manage sea turtles in US waters, with
NMFES responsible for animals in the marine environmehile the USFWS manages turtles when



nesting. For loggerheads, nine distinct population segments (D#8)designated worldwide in 2011

(NMFS 2013) The Canaveral region is included within the Northwest Atlantic,DiP8re the

loggerhead is listed as threatened under the ESA. In 2014, certain waters from North Carolina through the
Gulf of Mexico were deginated as Critical Habitat, the only such designation for a sea turtle in the
continental US. This action was designed to protect breeding and nearshore foraging habitats,
overwintering areas, important Sargassum habitat, and migratory corridors. Elévyeh®f been

assigned for the green turtle globdllyith the Canaveral region considered part of the North Atlantic

DPS Geminoff et al. 201%) and no DPS assignments have yet been established for the leatherback or
Kempos ridl ey t torthelgreen tur@eid restriated to Cutebrd, PueréotRico, and Critical
Habitat for leatherbacks includes parts of the US Pacific Coast as well as St. Croix in the US Virgin

Il sl ands. No Critical Ha b i t a,@lthdughgrotbtiengfor nestigs i gnat e d
females has been established at Rancho Nuevo, Tamaulipas, Mexico.



2 Fish Movement Patterns as Determined by Acoustic Telemetry

2.1 Introduction

Passive acoustic telemetry is now an established technique for documenting the movements and habitat
needs of coastal fishes in the US southeast and many other regions around t{i2amaitttson et al.

2014) The foundation of passive telemetry studiesarrays of submerged acoustic receivers that

function as underwater tracking stations and autonomously detect the presence of animals carrying
acoustic transmitters. By strategically mooring receivers throughout an area of interest, these systems can
reveal details on animal daily activity, seasonal migrations, habitat associations, and survival. While the
technology has existed for decades, transmitter and receiver hardware continue to evolve, resulting in
smaller tag sizes, increased battery life,gradion with environmental sensors, and remote data retrieval,
among other improvemenfslussey et al. 2015As importantly, marine researchers have begun

coalescing into regionalcale tracking partnerships, recognizing that by adopting compatiblenesuti

and sharing detection data, tagged animals can be followed much farther and for much longer than if
researchers work independen(Bangley et al. 2020)The datasets that result from these collaborations
often contain millions of animal relocati®that span years and reveal the estuarg@an shifts and

coastal migrations that have genuine value to resource maii@gessin et al. 2017)

In 2008, the FACT Netwotkoriginally the Florida Atlantic Coast Telemetry Network) was founded to
trackfish and sea turtle movement along the easitral Florida coaglyoung et al. 2020)This

partnership has expanded rapidly in both membership and scale. As of 2022, FACT consists of over 90
research groups collectively maintaining approximately 1,Effking stations and tagging over 100

species in estuarine and open Atlantic waters from the Carolinas to south Florida, the Bahamas, and the
northern Caribbean. Animal movement data produced by FACT equipment are aggregated, parsed, and
dispersed to resezhers through a central data sharing node, streamlining a once cumbersome process.
Analogous networks are in place in the northern Gulf of Mexico (i4 AGwerreBarbieri et al. 2021)

US Mid-Atlantic (ACT_MATOS), Europe, and Australia.

The expansino of acoustic telemetry networks, and in particular the extension of tracking infrastructure

onto the US continental shelf, has relevance to BOEM operations. Like all Federal agencies, BOEM must
consult with the National Marine Fisheries Service (NMF)rtsure that activities under their purview

do not unduly impact federally managed species or their habitat. Acoustic telemetry studies can be

designed to support this consultation process. Tracking receivers can be placed near dredge sites, offshore
wind farms, and oil and gas facilities, collecting localized information on marine species covered under
theESAand MSFCMA. Movements can then be applied to infer avoidance behaviors of animals near

active dredge sites, assess the value of disturbed areagrdatiearby unimpacted habitats, estimate a
speciesd risk from boat strikes, and help establi
animal reproduction and migration.

Since 2008, biologists with NA S dteer rEgoomahparthgrs Spac e
have maintained acoustic tracking infrastructure at Cape Canaveral in association with the FACT

Network. BOEM funded an expansion of this work beginning in 2013 to improve monitoring of the
Canaveral Shoals complex includirites adjacent to the active CSll sand borrow site, resulting in the

largest concentration of tracking receivers deployed on the east Florida shelf. Fourteen select fish species
and over 700 individuals were tagged between 2013 and 2018 with prioritytgiresbile and

! https://secoora.org/fact/
2 https://myfwc.com/research/saltwater/telemetry/itag/network/
8 https://www.theactnetwork.com/
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economically valuable species that are covered uretigral fisheries management plans but that lacked
local life history data (detailed in Section 2.2.2). The first summary of this tracking work is provided in
lafrate et al. (2019ncluding various behavioral metrics, space use maps, habitat models, and migration
plots. Local information was also collected for an additional 28 fish species tagged by researchers at
multiple other locations along the US East Coast, Canada, and Bahamas.

The Caaveral tracking array remained in place after 2018, generating additional insights on previously
tagged animals, detections of new individuals, and even additional species, and has now generated one of
the richest acoustic telemetry datasets ever compiidtsh movement on the continental shelf of the
southeastern US. The primary goal of this section is simply to provide the full and final accounting of fish
use of the Canaveral Shoals over the entirgyse study timeline including species detecticessonal
abundance trends, and updates to various behavioral metrics including residency indices and rate of
movement. A secondary aspect is to assess-sbelanimal exchanges, a topic not given much

consideration in the original 2019 report. Resulesiatended to help BOEM understand which managed
fishes commonly associate with sand shoal habitat in east Florida and which protected species could be
potentially impacted by dredging at the CSIl sand borrow site.

2.2 Methods
2.2.1 Acoustic Telemetry Array

A full description of the FACT Network offshore C
be found inlafrate et al. (2019Briefly, in 2013, the Canaveral Array was expanded from 28 to 57

stations, each monitored by a Vemco VR2W acousticyecéinnovasea, Nova Scotia, Canada). All

stations were deployed yemund and were established directly on shoal ridges and adjacent deeper

water, as well as at nearshore sites to capture animal movements along the skagali@@). This
expansion also included a-$2t at i on receiver ring on the perimet el
stations) on the Southeast Shoal. The purpose of this ringpvbaster understand fish activity in and

near the dredge site although receivers could geneatilge placed inside the dredge site boundary due

to risk of damage by the dredge itself. A second identical ring of receivers was replicated at an

undisturbel cont r ol site on nearby Chester Shoal (ACONDO
sediment, and distance from shore. Both dredge and control rings were reduced in size by 50% in

February 2018 after dedicated monitoring at these two sitesamgsleted. Finally, in September 2015,

five Vemco VR2AR acoustic release receivers were deployed along the reef tract seaward of the

Canaveral Shoals specifically to document exchange of animals between these two habitat types, resulting

in a final array ize totaling 62 receiver stations for much of the study timeline.

All receivers were moored to the seafloor at depths &2b.4n. Those near the surf zone were directly
attached to the top of 1.5 m sand augers while receivers in deeper water werenpideadn tall

itrraevéi stanto floats on thick rope mooring | ines |
due to shifting sand on the shoals (see phottafiate et al. 2019)n addition, small water temperature
loggers (Onset HOBO moddli22-001 and TidbiT v2, logging hourly) were always attached to a

minimum of six receiver moorings. Local animal detections were downloaded from the receivers during
twice annual Canaveral Array servicing events using SCUBA. Tagged animals migratingaw&eape
Canaveral were commonly detected by other FACT, ACT, and iTAG stations at multiple points along the
southeastern US seaboard including major coastal receiver lines off southeastern Florida and the Florida
Keys; St. Simons Sound, Georgia; Port R&eund and Charleston Harbor, South Carolina; and
Chesapeake Bay, Virgini&igure 3).
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Figure 2. Map of the Canaveral Acoustic Telemetry Array, part of the larger FACT Network
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2.2.2 Fish Collection and Tagging

Ten target fish species were selected for acoustic tagging starting in 2013 including finetooth shark
(Carcharhinus isodom = 61), blacknose shariC(acronotusn =60), Atlantic sharpnose shark
(Rhizoprionodon terraenovae= 44), red drum3ciaenops ocellatug, = 83), bluefishPomatomus

saltatrix,n = 52), Spanish macker&¢omberomorus maculatusz= 49), king mackere§, cavallan =

41), red snappet(tjanus campechanus,= 15), spotl{eiostomus xanthurug,= 107), and Atlantic

croaker Micropogonias undulatus) = 132;Table 1). These species were chosen due to their local
abundance, inclusion rederal fishey management plans, and/or their expected ecological importance in
the vicinity of the shoals. There were also practical considerations in that these species were easily
obtainable, large enough to carry acoustic transmitters, and not under intengiveysititer regional
researchers. Also classified as target species was a single roughtail s&ajngyoshia centrouna
opportunistically tagged on the Southeast Shoal that produced interesting movements. This project also
incorporated data from otheydal tagging projects supported by the authors including a shark nursery
study of lemonNlegaprion brevirostrisReyier et al. 2014and scalloped hammerhead shafghiyrna

lewini), and a coastal migration study of colia¢hycentron canadym

Fish wee collected with several gears including longlines (finetooth, blacknose, and sharpnose sharks,
red drum), hooline angling (bluefish, Spanish and king mackerel, cobia, red snapper), gill net
(hammerheads), cast net (lemon shark), and trawl (spot arecrddost species were tagged across

more than one year and at multiple locations in the Canaveral Array. Fish were fitted internally implanted
coded transmitters (Vemco V7, V9, V13, or V16 styles) with batteries lasting.6.gears, and most

were alsanarked with external dart tags prior to release in case of later angler recapturelefthin
description of Canaveral fish collection and tagging methods is provideftate et al. (2019)Although

fish tagging was limited after 2018, several dozen transmittered fish were still active in the Canaveral
Array through 2020. The project also continued to document large numbers of fish (and some sea turtles;
seeSectiond) that were tagged elsewhere along the US East Coast but periodically passed through the
Canaveral region. By convention, data produced by these animals belong to thg daggimzation so

only the coarsest trends in abundance and seasonality for these species are presented here-although in
depth analyses have been, or will be, provided by the tagging agency in separate publications.

2.2.3 Data Analysis

Detection files from all receiver downloads were collated into a central database (Mearco
Environmentoftware), and tag ID codes from animals released by other researchers were matched to
species and owner by consulting lists maintained by FACT drett cégional networks, or by contacting

the tag manufacturer directly. Detections were also uploaded to the FACT data node, and data on fish
tagged outside Canaveral region were distributed to tag owners. A custom R Script was then used to proof
and formalocal detection data and to calculate various indices of residency and movement for each
individual and species. Data were first screened to remove potential false detections, detections past
estimated tag expiration dates or angler harvest events, atalities suggested by lack of movement.

More stringent data cleaning was performed thdafiate et al. (2019ue to the development of more

capable and nuanced screening tools as well as additional detection data that confirmed the status (live or
deal) for several animals. Updated and expanded summary tables of fish detections were produced to
include new data through February 2020 resulting in a final report timeline spanning 6.25 years. Species
with substantial new data in this update include fiogtoblacknose, sharpnose, and lemon sharks, red

drum, cobia, and red snapper, plus several dozeftangat species tagged by other researchers. The

metrics calculated from the full 2003020 Canaveral Array dataset include:
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Number of Animals Detected:the number of unique individuals detected on Canaveral stations. For
target species, this count can be lower than the number of individuals tagged due to mortality, predation,
tag malfunction, or animals simply leaving the study area without detection.

Daysat Liberty: the number of days between the release date and the date of last detection; useful for
understanding the overall duration of an individual animal track.

Stations Visited: a tally of the total unique tracking stations visited anywhere witla-hCT, ACT,
and iTAG Networks; a simple proxy of space use for an individual.

Canaveral Residency Indexa percentage calculated as the number of days detected within the
Canaveral Array divided by the number of total days at liberty. This value chaesteow much time
an animal spent within the Cape Canaveral region.

Overall Detection Index: a percentage calculated as the number of days detected anywhere divided by
the total days at liberty; analogous to residency index but encompasses thesegtiaplgic range of
each animal, as detected on any receiver.

Visit Duration (min): a metric of species mobility in the Canaveral Array calculated as time spent by

each fish at each station before | edonianigndedEach fv
when that fish was not detected again at that same station for > 60 min. If after being absent for > 60 min,

the fish was detected again at that same station, it was considered a new visit. Since it is possible for an
individual to be deteted on two adjacent stations wittimour, a flag was created to exclude visit

duration events where a portion of the visit overlapped another station. Visit duration was assumed to

provide valuable information regarding habitat suitability for a spewithin the Canaveral Array

because animals presumably move more slowly through areas that offer optimal conditions for foraging,
reproduction, and predator avoidance.

Observed Rate of Movement (km/hr):distance traveled values coupled with detectiors$itamps were

used to approximate the rate of movement (ROM) of tagged fish each time they traveled from one station
to the next. These ROM events were then averaged across the study for each target species. This dataset
was constrained only to movementgacing within the Canaveral Array, and only for events when

animals traveledif20 km between stations. ROM between stations spaced too closely together is
overestimated during periods when tag signal propagation is high, while ROM over long distances will
underestimate speed since the animal is more likely traveling in-Binean fashion. This metric is not

intended to measure true swimming speed but provides insights into life history strategy and is directly
comparable across species carrying tranersitlvith identical power (séable 1 for transmitter details).

ShoalReef ExchangeTo assess the frequency and seasons in which the 14fisinggiecies (and 2

turtle species, see Section 4) transited between shoal and offshore reef habitat, custom R functions were
created. Receiver stati @nd Rweenfre ficOtahsesriof ideeds iagsn aetiitc
stations consisted of stais BOEMTB OE M1 1 . AShoal 6 stations included
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Figure2) . A Ot her 6 st at i ontee CanawidaluediendDetaction dasaiwase out si de
summarized for each animal to show arrival and departure dates/times in each habitat designation (e.qg.,
Shoal, Reef, Other). Any exchanges where the anim
Shoal @ Reef locations were excluded. The percentage of tagged animals making thresheathange

were calculated by the number of individuals that made the exchange divided by the number of tagged
individuals that were detected in the cleaned dataset. B8 akifferences were explored with seasons

defined as winter (Decembétebruary), spring (MaréiMay), summer (Juriddugust), and fall
(Septembémovember) as ifafrate et al. (2019)
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Table 1. Tagging details for BOEM target species released at Cape Canaveral

Size is listed as standard length in centimeters (cm) for bony fish, fork length for sharks, and disk width for rays. Details for other species tagged at Cape
Canaveral (e.g., cobia, lemon shark, scalloped hammerhead shark) are also provided.

BOEM T_arget No. Mean Size Rsa?o Tagging Dates Acoustic Tag Tag Interval (sec), Collection
Species Tagged (Range) (F:M) Model Batt (yrs), Pwr (dB) Gear
Atlantic Croaker 132 19 (157 24) - Dec 2013i Jun 2014 V7-4L 60, 0.6, 136 er?;"' Hook-
Blacknose Shark 60 96 (89i 115) 33:27 May 20147 Sep 2016 V16-4H or 6H 90, 5.21 9.7, 158 Longline
Bluefish 52 30 (23i 42) - Febi Mar 2016 V9-2L 60, 1.3, 145 Hook-Line
Cobia 67 77 (59i 98) - Dec 20141 Jul 2019 V16-4H or 6H 90, 5.2, 158 Hook-Line
Finetooth Shark 61 104 (641 130) 39:22 Dec 20137 Sep 2016 V16-4H 90, 5.21 9.7, 158 Longline
King Mackerel 41 73 (607 98) - Jul 20157 Jul 2016 V13-1L 90, 2.7, 149 Hook-Line
Lemon Shark 54 77 (56i 135) 27:27 | Dec 2008 Apr 2011 | V92 YAG-aHor 90, 5.2i 9.7, 158 Castiet Gil
Red Drum 83 79 (421 100) - Dec 20131 Dec 2016 V16-4H or 6H 90, 5.21 9.7, 158 Longline
Red Snapper 21 48 (371 72) - Nov 20171 May 2019 V16-4H 90, 5.2, 158 Hook-Line
Roughtail Stingray 1 116 0:1 Jan 2015 V16-4H 90, 5.2, 158 Longline
Scalloped Hammerhead 40 45 (371 115) 17:23 May 20137 Sep 2014 V13-1L, V16-4H 90, 2.2, 149 (Laci)lgglg\llﬁ;[,e
Sharpnose Shark 44 74 (671 83) 24:19 | Jul 20161 Aug 2017 V16-4H 90, 5.2, 158 Longline,
Hook-Line
Spanish Mackerel 49 39 (311 49) - Apr 20157 Sep 2016 V9-2L 60, 1.3, 145 Hook-Line
Spot 107 17 (147 21) - Dec 2013i Jun 2014 V7-4L 60, 0.6, 136 Traw!
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2.3 Results
2.3.1 Overview of Fish Detections

Over the fullsix-year study, 1,189 acoustically tagged fish from 43 species were detected within the
Canaveral Array, including 16 shark species, 9 ray species, and 18 species of bony fish. This number
includes 606 individuals from the 14 target fish species taggatly@t Cape Canaveralgéble 2) as

well as an additional 583 individuals from 30 Aanget species tagged by 31 other research
organizationsTable 3). These notarget fishes were originally released over a wide expanse of coastline
from New England and Canada (e.g., white shark, sand tiger sharkjidi#glantic (cownose ray,

Atlantic sturgeon), the Carolinas and Ggar(sandbar shark, tripletail), south Florida (tiger shark,
smalltooth sawfish, tarpon), west Florida (tarpon, cobia), the Bahamas (nurse, tiger, and bull sharks), and
Mexico (bull shark). Twentywo of the 43 species are covered urfekteral fishery maagement plans

while many others are intensively managed at the state level. Moreovs,Allantic sturgeon and
smalltooth sawfish detected, all originally released several hundred kilometers outside the Canaveral
Array, are protected under tE&SA. For target species, the percentage of fish successfully detected was
highest for red drum (82 of 83 or 99%) and above 80% for most sharks, hlaefistobia. Detections

were lowest for Atlantic croaker (69%), spot (58%panish mackerel (61%@nd king nackerel (12%),

likely due to a combination of lower power tags, high natural mortality (spot and croaker), and high
mobility (mackerel).

2.3.2 Seasonal Occurrence of Fish at Cape Canaveral

A summary of species detections by moritgyre 4) illustrates the high variability in seasonal

abundance for most tagged fish in the Canaveral region. Among sharks, winter and early spring was the
period of highest abundance and speciesdsh, and included peaks in detections for finetooth,
blacknose, blacktip, lemon, bonnethead, white, and sand tiger sharks. This pattern was consistent across
years and reflects the tendency of many coastal sharks to overwinter in the relatively wasnofivater
eastcentral Florida. The contingent of warm season sharks was less diverse but included Atlantic
sharpnose, nurse, and great hammerhead sharks. Tiger and bull sharks had a more uniform presence
throughout the year, and a subset of many cool seasgies, most notably blacknose and lemon sharks,
either did not migrate or migrated but quickly returned to Cape Canaveral in summer or early fall.
Detailed accounts of habitat use and seasonal migrations of target fish species arelédratd &t al.

(2019)

Benthic and pelagic rays were also well represented in the dataset (131 individuals) although often with
fewer individuals and detections than other species. This may be a result of reduced tagging effort in rays
due to lower management interesttfwthe notable exception of smalltooth sawfish) and generally

smaller sizes which often necessitate the use of less powerful transmitters. As with sharks, some rays
demonstrated a strongly seasonal presence off east Florida. Cownose rays, for examplanaely

tagged in the UMid-Atlantic but were regular winter visitors to the Canaveral Array while smalltooth
sawfish tagged in south Florida were primarily detected in late spring and summer.

Bony fish such as tarpon, red drum, goliath grouper, abtavere active in the Canaveral Array
throughout the year while Atlantic sturgeon and tripletail were primarily winter visitors. Detections of
Spanish mackerel and bluefish were episodic with individuals generally remaining in the array for only a
shortperiod postagging. Spot and Atlantic croaker are known to be-yeand residents, but detections
were mostly limited to the few months following major tagging events in December 2013 and May 2014
which limited ability to conclusively document seasonavements
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Table 2. Target fish species detected in the Canaveral Array (20137 2020)

Species in bold and with an asterisk (*) have local EFH designations. Shoal sites are all 57 receiver stations on or

directly adjacent to the Canaveral Shoals. Dredge and Control Sites are the subsets of stations surrounding the CSII
dredge site and Chester Shoal control sites (12 stations each), and Reef Sites are the 5 stations deployed along the
offshore reef tract. Detections from north and south of Canaveral are excluded.

Animals Detected

Target Tagging Tagging Total
Species Location | Agencies! | All | Shoal | Dredge | Control | Reef | petects
Sites | Sites Sites Sites Sites

Red snapper* Canaveral NUWC, KSC 15 2 0 2 15 1,561,932
Red drum* Canaveral NUWC, KSC 82 82 77 63 42 1,135,320
SBILZ‘i ti‘ose Canaveral | NUWC,KSC | 56 56 47 48 47 742,541
EL“aertkﬂmh Canaveral | NUWC,KSC | 51 51 48 38 44 220,027
f'l:grrlf*”ose Canaveral | NUWC,KSC | 37 37 14 27 26 97,445
(']ﬁyeonr;l :)r]f’“k Conaveral, | BBFS. JU. 33 33 17 14 10 78,737
Cobia* gl"_"”g"Aerg'C Fe KRS 56 53 17 29 43 20,859
ﬁ;;’ 'n‘:greﬁea g« | Canaveral | KSC 39 39 10 8 3 16,683
Bluefish Canaveral NUWC, KSC 48 48 3 1 1 5,968
Spot Canaveral NUWC, KSC 62 62 31 32 NA? 5,136
Atlantic croaker | Canaveral NUWC, KSC 91 91 35 50 NA2? 3,904
King mackerel* | Canaveral NUWC, KSC 5 4 1 2 4 2,100
;‘;irl‘(i jrhel* Canaveral | NUWC, KSC | 30 30 10 7 1 1,058
;?n“g%;‘;a" Canaveral | NUWC, KSC 1 1 1 1 0 406
Total - - 606 589 311 322 236 | 3,892,116

1BBFS = Bimini Biological Field Station, FWC = Florida Fish & Wildlife Conserv. Comm., JU = Jacksonville Univ.,
KSC = Kennedy Space Center, NUWC = Naval Undersea Warfare Center, SCDNR = South Carolina Dept. Natural

Resources

2Tags for this species had expired before reef stations were established
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Table 3. Non-target fish species detected in the Canaveral Array (2013i 2020)

Non-target species are those tagged by other research organizations but detected locally. Species in bold have local
EFH designations. Species in underscore are listed under the ESA. Shoal sites are all 57 receiver stations on or

directly adjacent to the Canaveral Shoals. Dredge and Control Sites are the subsets of stations surrounding the CSII
dredge site and Chester Shoal control sites (12 stations each), and Reef Sites are the 5 stations deployed along the

offshore reef tract.

Animals Detected

Non-Target Tagging ATagg'f‘g Total
Species Location | 7'9€7C'€S | Al | Shoal | Dredge | Control | Reef | petects
Sites Sites Sites Sites Sites
. BBFS, CCU,
Blacktip shark FL,SC, VA, | FAu SERC, | 114 113 93 83 103 341,821
Carcharhinus limbatus Bahamas SCDNR
Tarpon Megalops FL, SC BTT 35 35 9 13 11 87,460
atlanticus
Tripletail Lobotes FL GA GADNR, 6 6 3 1 1 42 333
surinamensis ’ HBOI !
Goliath grouper FL FSU, Mote 16 13 9 8 12 32,565
Epinephelus itajara
Smooth butterfly ray | canaveral | UF 26 26 9 1 0 25,146
Gymnura micrura
Cownose ray FSU, HBOI,
Rhinoptera bonasus FL, GA, VA SERC, UF 74 71 35 33 41 24,754
Lemon shark FL, SC,
Negaprion brevirostris Bahamas BBFS, CCU 40 40 18 13 16 21,758
Bonnethead shark Fsu,
onnethead shar GA, SC,NC | SCDNR, 39 37 11 18 30 16,991
Sphyrna tiburo UNC
BBFS, CCU,
Bull shark FL, SC, CEl, HBOI,
C“ L Snart Mexico, RSMAS, 39 36 20 22 26 8,322
archarhinus leucas Bahamas SBU, SERC,
FA
Whitespotted eagle | HBOI 13 13 6 6 4 8,203
ray Aetobatis narinari !
Smalltooth sawfish FL HBOI, NOAA 7 7 5 3 5 6,747
Pristis pectinata
Bluntnose stingray | canaveral | UF 6 6 3 0 1 4,331
Hypanus say
BBFS,
Tiger shark FL, SC, OCEARCH,
Galeocerdo cuvier Bahamas RSMAS, 20 14 9 8 17 3,762
SCDNR
White shark MA, SC, MADMF,
Carcharodon carcharias Canada OCEARCH 53 34 12 13 31 3,380
Sand tiger shark | NC,DE. | Bl 9 4 2 2 3 2,874
Carcharias taurus NJ, MA MU, UN(,3W !
Cobia Rachycentron CMAST,
canadum FL, NC, VA NOAA, VIMS 14 11 4 6 13 2,707
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Table 3 continued

Animals Detected

Non-Target Tagging Tagging Total
Species Location | Agencies? AII Sr_loal Dr(_adge Co'ntrol Reef Detects
Sites | Sites Sites Sites Sites
Nurse shark FL, BBFS, HBOI,
Ginglymostoma cirratum | Bahamas RSMAS 1l 6 3 > 8 1,895
Sandbar shark GA. NY CCU, MU 7 4 2 4 4 1,686
Carcharhinus plumbeus
DESU, MU,
Atlantic sturgeon DE, NC, NCDMF,
Acipencer oxyrinchus NJ, SC, VA | SCDNR, 15 12 1 6 4 1,227
USN, VIMS
Summer flounder
Paralichthys dentatus Canaveral UF 2 2 2 0 0 913
Southern stingray | canaveral | UF 1 1 1 0 1 856
Hypanus americana
Great hammerhead FL, BBFS,
Sphyrna mokarran Bahamas RSMAS 14 1 4 4 6 812
Southern flounder Canaveral,
Paralichthys lethostigma SC SCDNR, UF 7 ’ 1 0 0 587
Spinner shark Canaveral | KSC 5 5 3 1 0 547
Carcharhinus brevipinna
Black drum Pogonias | ¢ HBOI, KSC 3 3 0 0 0 264
cromis
Stoplight parrotfish | ¢ cu 1 1 0 1 1 165
Sparisoma viride
Bu_”no_se ray Canaveral UF 2 2 1 0 0 136
Myliobatis freminvillei
Gulf flounder
Paralichthys albigutta Canaveral UF 2 2 0 1 0 86
Clearnose‘skate Canaveral UF 1 1 1 0 0 63
Raja eglanteria
Thr{esher{ shark NAZ SBU 1 1 0 1 1 37
Alopias vulpinus
Total - - 583 524 267 253 339 642,428

1BBFS = Bimini Biological Field Station, BTT= Bonefish & Tarpon Trust, CCU = Coastal Carolina Univ., CEl = Cape Eleuthera
Inst., CMAST = Center for Marine Sciences and Technology, CU = Clemson Univ., DESU = Delaware State Univ., FA = Fins
Attached, FAU = Florida Atlantic Univ., FSU = Florida State Univ., FWC = Florida Fish & Wildlife Conserv. Comm., GADNR =
Georgia Div. of Natural Resources, HBOI = Harbor Branch Oceanographic Inst., IRG = Inwater Research Group, JU =
Jacksonville Univ., KSC = Kennedy Space Center, MADMF = Massachusetts Div. of Marine Fisheries, Mote = Mote Marine
Laboratory, MU = Monmouth Univ., NCDMF = North Carolina Div. Marine Fisheries, NOAA = National Oceanographic and
Atmospheric Admin., NUWC = Naval Undersea Warfare Ctr., RSMAS = Rosenstiel School of Marine and Atmospheric Science,
SBU = Stony Brook Univ., SCDNR = South Carolina Dept. Natural Resources, SERC = Smithsonian Environmental Research
Center, UF = Univ. Florida, UNC = Univ. North Carolina Chapel Hill, UNCW = Univ. North Carolina Wilmington, USN = US Navy,
VIMS = Virginia Institute of Marine Science.

2Tagging locations unknown
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Figure 4. Seasonal presence of tagged fish in the Canaveral Array

The color of each square represents the maximum number of days the species was detected in a given month, while
the number in each square represents the maximum number of individuals of a species that were detected in a given
month for any year in the study. Only species where more than five individuals were detected are included.

2.3.3 Fish Movement Metrics

While at Cape Canaveral, most tagged fish alestrated high mobility and low site fidelity. Across alll

target species, apart from red snapper (see below), the time in which a tagged fish remained within range
of an acoustic receiver before leaving averaged only 42 minutes. Mackerel, bluefish,iarthddbe

shortest visits to any single location {21 minutes) and blacknose shark, spot, and red drum had the
longest visits (~ 60 minute$able 4). While this comparison is imperfect due to variations in tagging
habitat, transmitter power, and the local acoustic environment, it likely also reflects differing life history
strategies witlpelagic species less inclined to associate with a single location.

Red snapper results were particularly difficult to interpret. Fifteen snampertagged, all on the reef

tract within range of an acoustic receiver. Movement away from release sites was limited and red snapper
thus produced more detections and longer visit durations (mean 35 hours) than any other species. Only
two animals were mrded at more than one location, both just a few days after tagging. Many others

were detected continuously or intermittently at their release location for days to over a year, one of which
was recaptured by an angler 52 days after release. These aestitsught to indicate a combination of

high site fidelity and mortality (including possible shark predation events) so the limited observed
movement, while consistent with findings from other regions, should be interpreted cautiously
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Table 4. Movement metrics for target species released at Cape Canaveral
Values are means for each species with range in parentheses. Definitions of metrics can be found in Section 2.2.3

Target Species No. Dgys at St_atjons Residency | Detection Visit.Duration
Detected Liberty Visited Index Index (Minutes)
Atlantic croaker 91 16 (1i 215) 3(1i14) | 85(11100) | 83 (1i 100) 48 (07 1,491)
Blacknose shark 56 1,242 (87 1,885) |61 (81106) | 21 (1i75) | 22 (2i 75) 62 (07 3,224)
Bluefish 48 17 (1i 208) 6 (1122) | 54 (4i100) | 58 (8i 100) 29 (07 678)
Cobia 56 353(211,775) | 14 (1173) | 11 (17 100) | 10 (11 100) 31 (0i 758)
Finetooth shark 51 1,154 (291 1,901) | 79 (81 125) | 13 (4196) | 18 (71 66) 43 (07 1,911)
King mackerel 5 63 (1i 129) 11 (11 26) | 43 (31 100) | 44 (7i 100) 28 (0i 620)
Lemon shark 33 2,111 328i45) | 8(3i22) | 8(3i22) 29 (0i 1,365)
(1,155 2,362)
Red drum 82 687 (1i 1,892) | 52 (1193) | 40 (5i 100) |42 (13i100)| 63 (0i 17,703)
Red snapper 15 288 (3i 768) 2 (1110) | 73(3i100) | 73 (3i 100) | 2,142 (0i 273,565)
Roughtail stingray 1 160 24 2 5 41 (01 325)
Scalloped hammerhead 39 128 (2i 1,215) 8 (17 48) | 65 (0i 100) | 56 (0i 100) 36 (0i 796)
Sharpnose shark 37 465 (17 1,244) 29 (11 88) | 38 (1i100) | 35 (11100) 47 (01 1,499)
Spanish mackerel 30 3 (1i 22) 4 (1i8) |89 (147 100) | 91 (141 100) 21 (01 324)
Spot 62 19 (11 216) 3(1i13) | 87 (21 100) | 87 (21 100) 61 (0i 2,076)

The number of locations visited by tagdesth independently supports the idea of high mobility. Target

fish tagged at Cape Canaveral were detected at an average of 3 (Atlantic croaker) to 79 receiver stations
(finetooth shark) during their movements along the US East Coast. Considering jushéver@l Array,

the most widely ranging species were finetooth, blacknose, lemon, blacktip, bull, and scalloped
hammerhead sharks, plus tarpon and red drum, all of which were detected at 60 or more stations (of a
possible 62) from the shoreline to the bfise reefs
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2.3.4 Shoal-Reef Fish Exchanges

Blacknose and finetooth sharks showed the greatest number of observed movements between the
Canaveral Shoals and offshore reef tract. Both species moved between shoal and reef halbitaicyear

but with greatest freagncy in winter and with fewer exchanges in warmer morithblé 5). These

species also had the highest shealf exchange rates with over 80% of tagged individuals detected

making these onshomfshore movements on at least one occasion. Sharpnose sitladk,m, and

cobia also commonly moved between the shoals and reef although participation rates appeared lower.
Sharpnose movements peaked in summer and fall, red drum in spring, while cobia were more active year
round. Also of note, juvenile lemon sharksspecies commonly observed in large aggregations in the
shallow Canaveral surf zone, were detected on the offshore reefs periodically, always in winter. There
were also two observed movements of red snapper onto the shoals although these eventsiglacurred
after tagging on the reef and may reflect instances where released snapper were predated on by sharks.

The time it took for animals to transit from one habitat to the other varied from less than a day to over 28
600~

500 _
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. Blacknose shark

. Bluefish
. Cobia

. Finetooth shark

. King mackerel

. Lemon shark
. Loggerhead turtle
. Red drum
. Red snapper
. Scalloped hammerhead
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I I . Spanish mackerel
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Figure 5). Many shoareef movements occurred in less than one day confirming rather direct
movements. The greatest distance between two shoal and reef receiver sites was ~ 38lkamgesexc
taking longer than a few days were instances when animals were not moving in a linear fashion or were
visiting reef sites not monitored by acoustic receivers.
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Figure 5. Time (days) for tagged animals to transit between sand shoals and offshore reefs
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Table 5. Observed shoal-reef movements by acoustically tagged fish and sea turtles

Each exchange is a one-way movement from one habitat to the other. Values in parentheses are the mean number of exchanges per individual. Percent Animals
is the percentage of tagged animals that made this movement at least one time.

Species Fall Winter Spring Summer

Total No. Total No. Total No. Total No. Percent

Exchanges | Animals | Exchanges | Animals | Exchanges | Animals | Exchanges | Animals | Animals

Blacknose shark 104 | 18(5.8) 475 | 41 (11.6) 126 | 36 (3.5) 37| 11(3.4) 85
Finetooth shark 7 5(1.4) 282 | 42(6.7) 68 | 23(2.9) 0 0 86
Red drum 15 | 11(1.4) 81| 20(4.1) 132 | 26(5.1) 68 | 24(2.8) 50
Sharpnose shark 107 14 (7.6) 23 7(3.3) 10 3(3.3) 107 | 23(4.7) 67
Cobia 53| 14(3.8) 88| 31(2.8) 38| 14(2.7) 53| 18(2.9) 71
Scalloped hammerhead 7 3(2.3) 5 2 (2.5) 9 33 0 0 7.5
Lemon shark 0 0 17 8(2.1) 0 0 0 0 40
King mackerel 0 0 0 0 0 0 8 3(2.7) 60
Loggerhead turtle 1 1(1) 0 0 0 0 2 2 (1) 13
Red snapper 2 2() 0 0 0 0 0 0 13
Spanish mackerel 1 1) 0 0 0 0 0 0 3
Bluefish 0 0 1 1(1) 0 0 0 0 2
Atlantic croaker 0 0 0 0 0 0 0 0 0
Spot 0 0 0 0 0 0 0 0 0
Roughtail stingray 0 0 0 0 0 0 0 0 0
Green turtle 0 0 0 0 0 0 0 0 0
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2.3.5 ESA-Listed Fish Summaries

Fifteen Atlantic sturgeon, all listed as threatened or endangered un&3Al{depending on their
population of origin) were confirmed within the Canaveral Array from 2PQ0%9. Sturgeon were

detected at 32 widely spaced locations from 250 m to 22 km from the shore and ini@&ater @eep.

These fish were tagged by six organizasiovorking from South Carolina through New Jersey. All
detections occurred winter from early January though early M&ighré 4). Winter 2018 was a

particularly active year withOtagged sturgeon inhabiting the Canaveral Array at roughly the same time.
Atlantic sturgeon was one of the few species noticeably less common near the CSIl dredge site (n = 1)
compared to the control si{n = 6) although this sample is too small to draw meaningful conclusions.
Details of sturgeon size, migrations, and behavior are the purview of the tagging organizations although it
was noted that most fish were present for only one winter exceptifggle sh that returned three

winters in a row. Further, like many other mobile species tracked at Canaveral, sturgeon were rarely
within range of a given receiver for more than a few minutes at a time.

Seven ESAendangered smalltooth sawfish were alseded at Canaveral from 202020, all of which

were tagged in south or southeast Florida. Multiple local angler encounters were also reported during this
same time (E. Reyier, unpubl. data). As with sturgeon, sawfish were widely dispersed in the tracking
array, being collectively detected at 54 stations from the beach out to 22 km and in water up to 25 m deep.
Five animals were confirmed in the vicinity of the CSII dredge site and three near the control site.

Sawfish were present February through Octdloemith a clear peak in activity May to August. Unlike
sturgeon, sawfish often remained in the general area for several weeks and moved into or through the
Canaveral Array multiple times with one fish making visits for four consecutive.years

2.4 Discussion
2.4.1 Overview of Findings

Across the si¥year study time frame, the fixexfation acoustic telemetry array deployed on and adjacent

to the Canaveral Shoals proved to be an exceptionally productive tool for documenting the movements
and seasonal abuadce trends of coastal fishes. Nearly 1,200 animals from 43 fish species (producing
over 4.5 million unigue detections) were tracked through the Canaveral Array, the majority of which are
covered undeFederal or state fishery management plans. While stexpected that the fishes tagged

locally would provide valuable insights, the quantity and diversity of fishes tagged by other researchers
that passed through the Canaveral Array was unexpectedly high. Thirty fish species and almost half of the
individual fish detected off the Canaveral coastline were released by other research organizations working
as far away as Nova Scotia, the Bahamas, and Mexico. Collectively the information provided by these
animals, made possible by a strong culture of data shaeciiogs the research community, expanded our
understanding of shoals as fish habitat beyond what was originally anticipated.

Detailed analyses of tagged fish distribution and movement offshore Cape Canaveral through 2018 can be
found inlafrate et al. (209). Specific products presented there include spéeied space use estimates,

habitat association summaries, andl@pth migration accounts for all target fish species. Also presented

are comparisons of fish use between the CSII dredge and nearly sitafrassessments of community
structure across habitats, analyses of habitat factors that influence fish site fidelity, arstifivoed

acoustic range test results. Results from the most recent time periodZ@R@Bwere equally substantial

but gererally reinforced these initial conclusions so the analyses were not repeated here.

When considering the entirety of the acoustic telemetry dataset frornZI2IB several higlevel trends
in fish distribution and space use become apparent, all of whigh relevance to offshore dredging
projects or fisheries management in the region. For example, while results demonstrated that most species
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with locally designated EFH occur yeaiund, there were consistent seasonal fluctuations in the presence
of mostspecies. Winter was an especially dynamic time ineadral Florida, and the Canaveral region
clearly serves as an important overwintering area for many sharks, pelagic rays, and bony fish like red
drum, mackerel, and tripletail, among others. Secomabst target species apart from red snapper, as

well as the majority of species tagged by other organizations, demonstrated high mobility and low site
fidelity. On average, most species only remained in the same locatiori &fF 80nutes before moving

away, and individual animals ranged widely through the Canaveral Array in relatively short periods of
time. Finally, this study, in collaboration with other regional researchers, detailed the coastal migrations
of many sharks and bony fishes for the firstegjrdocumenting the consistent seasonal exchange of tagged
fish along the southeastern US East Coast, and very limited exchange of animals with the Gulf of Mexico.

The additional findings presented in this second report only strengthen earlier concligins o

movement and behavior. Estimates of local residency, duration of visits to single locations, and rate of
movement along the coast now span multiple years and migratory cycles with several individual fish
tracked for the fulb years. These new retsiblso suggest a high rate of animal exchange between the
Canaveral Shoals and offshore reefs, especially in winter, and demonstrate more broadly that the activity
space of many species regularly extends beyond the bounds of the Canaveral Shoalsc@ae part

surprise was the regular use of offshore reefs by red drum, a species whose adult distribution offshore
eastcentral Florida has never been studied in depth. Finally, results through 2020 generated new insights
into the movements of ESKsted Atlartic sturgeon and particularly smalltooth sawfish (with even more
animals and detections collected after the 2020 data cutoff), information which may help with future
endangered species consultations at other sand borrow sites in east Florida.

2.4.2 Lessons Learned and Best Practices
2.4.2.1 Acoustic Array Deployment and Maintenance

Acoustic arrays deployed on the open continental shelf are often exposed to extreme forces. The
Canaveral Array itself was hit by three hurricane8 yeears including Matthew (October 2018ma

(September 2017) and Dorian (September 2019), each resulting in wave heigjtsnofor several

hours, as well as several tropical storms and severe winter storms. Wave energy from these events caused
significant accumulation or erosion of sana@ttain locations and fatigued receiver moorings over time.

Sand movement was greatest near the crests of shoals and receivers deployed there were exposed to sand
accumulation and scouring of upXen over time, resulting in occasional receiver burial lasd. Strong

coastal currents during Hurricane Dorian also temporarily displac&d #éef receiver moorings up to 5

km (see details i®ection3.4.2 although receivers in deeper water between shoals and along the offshore
reef tract were generally less prone to burial or scouring. Shrimp trawlers are also seasonally active off
Cape Canaveral, as they are along much of the US southeast coasthiagetite capacity to easily

displace and destroy acoustic tracking stations.

The deployment and maintenance strategy of the Canaveral Array evolved througtmdirte

refinements adopted during this study may help improve the design of future aradjistesd in similar
habitat. Perhaps of greatest importance, water visibility at Cape Canaveral was often poor but marking
moorings with surface floats was not possible due to entanglement risk to the northern right whale;
surface floats would have alsodpequite challenging to maintain. All servicing was therefore conducted
by SCUBA and recording the latitude and longitude of receivers at first deployment with a boat Global
Positioning System (GR$hartplotter (ideally to within 2 meters) was criticdbr ensuring quick and
reliable receiver recovery by divers on subsequent visits.

Deploying receivers on subsurface moorings with ropes and floats, as was done in the present study, has
advantages (e.g., inexpensive, easy to assemble, easier to reltdtatbeat echosounder) but wave
action and sand burial caused continuous rope abrasion. One recommendation would be to integrate a
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length of 316 grade stainless steel chain into the base of mooring lines since rope abrasion and failure was
generally greast at the attachment point with the sand auger or at the sediment surface in instances when
sand accumulation overtopped the auger head. Long augers are also advantageous since scouring will
cause short augers to topple and roll away.

Finally, theadopt i on-rcefsias tftnrtaowlf | oat dlefmte ¢ al. 201ecduceédl v ( see
but did not wholly eliminate gear damage or loss by shrimp trawler strikdsec@ting moorings with (or

on) navigation buoys and charted wrecks and reefaeuae possible may result in a less uniform array

spacing but will significantly reduce risk of strikes and data loss. Regardless, there is still a real need in

the acoustic telemetry community for an inexpensive acoustic receiver mooring design fdredpen s

waters that can reliably withstand major storm events, sediment accumulation, and trawler strikes with

high confidence.

2.4.2.2 Fish Tagging

The quality of movement data ultimately produced by the Canaveral Array varied dramatically across
species. Coastal atks and adult red drum tagged at Cape Canaveral regularly producegeaulti

tracks, and similar results are being produced by researchers tracking othbptiiegkfishes (e.g.,

tarpon, goliath grouper, cobia) in the FACT Network. In contrast, matheamaller species produced

sparser datasets that only allowed for general descriptions of their movement. These discrepancies in data
guality are partially driven by a speciesd6 I|ife h
highly migratoy and were tagged as they rapidly passed through the Canaveral regiorb@fheallfish

also often have higher natudahnd likely taggingrelated mortality rates. High mortality was likely a

factor explaining the limited detections of spot and Atlanmi@ker, species not known for extensive
migrations. Smaller fish also generally require smaller (i.e., lower power) tags that are detectable over
shorter distances. Body size and migration strategies are critical considerations when working on the open
shdf where the space available to a tagged fish is massive and few natural barriers exist to funnel fish

past specific locations. While the species of interest should dictate the tag specifications and not the other
way around, results from this study sugghat studies of small and highly mobile species may require a
larger sample size or a more closely spaced receiver array to achieve quality results, and that tag power
and fish size within the species of interest should be maximized to improve results.

Tagging benthic fish within the boundaries of a dredge site to estimate residency or home range (and
perhaps compare with nearby reference sites) is also a challenging prospect, especially if a dredge site is
small. Comparing residency of spot and Atlaeticaker, both of which can be exceptionally abundant on
the Canaveral Shoals, was an early study objective. During dedicated sampling in June 2014, however,
both species were scarce, likely due to unseasonably clear water, requiring extensive trawdithgoneed
collect a suitable sample size. Other species, especially those of management value, may also be
challenging to collect inside a dredge site footprint in sufficient numbers. Moreover, the naturally high
mobility of even strongly benthic species magtka comparisons difficult. The roughtail stingray tagged
within the CSII dredge site left after oryhours before travielg to Virginia, and a southern flounder
detected just outside CSIl was originally released in South Carolina. The most valuabteGitacame

from fish originally tagged elsewhere that eventually passed though CSII. If dredge site assessments are
not speciespecific, tagging larger and hardier fish in the vicinity of a dredgé site just small benthic

fish exclusively inside thdredge sitd may ultimately produce superior results.

2.4.2.3 Study Design

With respect to fishes, the dual goals of acoustic telemetry studies at Cape Canaveral were to (1)
document natural habitat associations of mobile species on sand shoals in east Flofjajratedstand

the dynamics of fish around an active sand borrow site relative to an adjacent control site. Many of the
important findings on both fronts are foundafrate et al. (2019)Achieving the first goal, while laber
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intensive, was conceptualiyraightforward; deploy receivers, catch and tag fish, characterize the habitat,
and observe and summarize their movements. Meeting the latter objective of contrasting fish behavior
and community structure between a dredge site and nearby referensealsitesimple in principle but
attributing any observed differences to degradation from dredging or other human disturbance is more
challenging, especially when dealing with mobile species in open ocedotofh habitats.

In the case of the Canaveraldals, the dredge and control sites appeared to receive similar use. Most fish
species were detected in relatively equal numbers and exhibited similar (and generally low) site fidelity at
both sites. This was likely due to the lack of complex habitat, epprapid recolonization of the

benthic invertebrate community at CSll ($¢erie and Smith 2022 for detailsnd a focus on large and
migratory fish species, some of which do not preferentially feed in the benthos. Had major differences in
fish use bee apparent, conclusively explaining these differences would have been difficult. The gold
standard of such comparisons are Befiter-Controtimpact (BACI) studies, a design that was never

an option locally since the CSlI site was dredged eight times 2@00 2013 prior to the start of the
study(Murie and Smith 2022)urther, many explanatory covariates were initially unavailable.

Sediments at Cape Canaveral were poorly mapped initially, and data on fish prey, competitors, and
predators was unavaileh Future efforts to compa¥eand then explaid the impacts of dredging on

large mobile fishes should strive to collect considerable data prior to any dredge disturbance. Notably, the
data collected on fish movement at Cape Canaveral, coupled with neandaathic invertebrates and

fishes and updated sediment maps producédurie and Smith (2022)rovides excellent baseline data

for which to rigorously assess impacts at any new dredge sites that may be permitted on the Canaveral
Shoals in the coming yesa
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3 Wave Glider Surveys

3.1 Introduction

Oceanographic and biological surveys of @@Sare logistically complex and expensive activities,

realities that constrain the exploration of these expansive ecosystems. Unmanned ocean gliders, often
more specificall classified as autonomous underwater vehicles (AUVs) and unmanned surface vehicles
(USVs), are becoming important tools for expanding the duration and geographic scope of oceanographic
data collectior(Verfuss et al. 2019} ong-duration ocean gliderdlahare several characteristics in that

they are powered by internal or external energy sources that allow deployments spanning weeks to
months, are designed to carry customizable sensor payloads, and maintain a communication link to shore
that allows forremote piloting and data transmission. Their unmanned nature, persistence, and ability to
operate in a wide range of sea states gives ocean gliders operational and economic advantages over
crewed vessels for certain applications, particularly for mundarepetitive taskgNicholson and

Healey 2008)Gliders can also be deployed in fleets if necessary to scale up monitoring over a wider
geographic area.

While the variety of ocean gliders continues to expand, three main classes of gliders are currently
conducting the bulk of londuration survey work in shelf and open ocean habitats. Buoyancy gliders
(e.g., Slocum Glider, Spray Glider) are subsurfacequia$ that convert subtle changes in buoyancy into
horizontal movement. Wave Gliders &8Vsthat convert wave action and solar energy into forward
thrust. Most recently, sail drones harness ocean wind for propulsion. A detailed list of available glider
systems is found iVerfuss et al. (20190cean gliders are most commonly used for physical
oceanographic surveyisicluding mapping of ocean currents and bathymetry, and measuring
biogeochemical properties of the water column such as temperature, datygutissolved oxygen, and
chlorophyll(Rudnick 2016)Advances in sensor technology are also increasingly allowing gliders to
effectively monitor living resources such as plankton and forage fish biomas&(egnge et al. 2014;
Guihen et al. 2014»ound production by marine mammals and fishes @ail,et al. 2017; Aniceto et

al. 2020) detections of acoustically tagged animals (€gte et al. 2019)and even remote retrieval of
animal movement data from deefater acoustic tracking stans.

Unmanned ocean gliders have the potential to complement, and in some instances even replace, crewed
surveys of sand shoals and other sites of interest to BOEM on the continental shelf. High heterogeneity in
bathymetry and sediments around shoals and ithiegdy seasonal nature of their biological communities
generally require repeated and fiseale sampling to document habitat quality and animal distribution.

This is a daunting prospect in many locations where weather and site remoteness often lignit acces
Gliders can potentially overcome these constraints but have been a minor component of shoal monitoring
programs to date. The Canaveral Shoals monitoring program provided a valuable opportunity to evaluate
the advantages, limitations, and logistical édesations of unmanned gliders for surveying sand shoals,

with results having application to similar sites along the US southeast coastline. The specific objectives of
this evaluation were to (1) assess the ability of an ocean glider to systematicalyeralooustically

tagged animals and compare its performance with the-fitetbn Canaveral Array, and (2) pair the

glider with a passive acoustic monitoring (PAM) sensor to document ocean soundscapes near the shoals
with an emphasis on ambient soundgedging noise, and the vocalizations of fish and marine mammals
(activities detailed irbection5). A suite of environmental sensors integrated withdlider provided

important habitat context supporting both objectives.
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3.2 Methods

The platform utilized for this study was a Liquid Robotics Wave Glider SV3 unmanned surface vehicle.
The SV3 consists of a 3.1 m by 0.8 m surface float that is attachedlimersible (sub) via a#h long

tether umbilical Figure 6) resulting in 5 m of total draft. As the float and sub rise on a wave, the sub
wings tilt down, providing forward propulsion. As the float moves down the wave, the wings tilt up and
the sub sinks while also pulling the float forward. During the day, solar panels on the float charge lithium
ion batteries that in turn provide power as needeai@@d sensors, communications equipment, and to
drive a small propeller if extra thrust is required. Watertight payload boxes beneath the solar panels
accommodate sensors in usestomized configurations, and standalone sensors can also be mounted in
various locations on both the float and sub. A GPS receiver allows the glider to track its location and
autonomously navigate courses through preprogrammed waypoints while an Automated Information
System (AIS) receiver and collision avoidance system allotesidentify and avoid the path of vessels
carrying AIS beacons. Vehicle telemetry and science data are relayed to shore via an Iridium satellite
modem or through a faster cellular modem when close to shore, and pilots can send navigation and sensor
commaus to the vehicle. Average speed is greater than 2 km/hr, maximum speed is 6 km/hr, and the
vehicle is theoretically capable of deployments up to one year in duration. The Wave Glider was
considered the most appropriate platform for the present studipecaase it can navigate a
preprogrammed course with high fidelity 26-m course deviation in most conditions) in shallow water,
allowing safer navigation through the complex bathymetry surrounding the shoals and avoidance of
physical hazards such as natign buoys and anchored ships. Unlike buoyancy gliders, the Wave Glider
does not allow easy vertical profiling of the water column, but this was a minor concern given the relative
shallowness (less than 30 m) of the project area.

Eight quarterly deploymes were undertaken from November 2017 through August 2019, all of which
followed the same path and included a minimum transect distance of 930 km defined by 179
preprogrammed waypointEigure 7). The transect was divided into four operational areas including (in
order of completion) a Shoal Zone (315 linear km), North Zone (376 km), Reef Zone (92 km), and South
Zone (146 km). During some deployments whenglider was moving quickly or seas were unfavorable

for recovery, the Shoal Zone was surveyed a second time. To avoid the shallowest shoal ridges and the
busy shipping lanes due east of Port Canaveral, the vehicle was constrained to operate inthatefr dep

10 m or greater. Before the start of the study, water depth in particularly shallow areas was surveyed in a
small boat with an echosounder and the final path was subtly adjusted to avoid areas shallower than
depicted on nautical charts. The finarisect was repeated with as much fidelity as possible on each
depl oyment and generally adopted a fAimow the | awno
exception was the offshore Reef Zone which instead sought to traverse multiple known reetchad w
along the 1Zathom ridge east of the shoals. The glider was launched and recovered east of Port
Canaveral from an-8 pilothouse skiff and its status was monitored from shore by pilots typically
operating on 1hour shifts.

The Wave Glider sensor ylaad included two acoustic receivers for detecting acoustically tagged

animals plus sensors measuring water temperature, dissolved oxygen, chlorophyll, turbidity, colored
dissolved organic matter (CDOM), and various meteorological conditions. A Remenaepasoustic

recorder (Loggerhead Instruments, Sarasota, Florida) for recording ambient ocean sounds was also
present on each deployment (described in det&kittion5) and a wave height sensor was added in
Deployment 7. All sensors were programmed to operate continuously, although when extended periods of
overcast skies reduced solar energy generation, sensors were powered off starting withethsise o

value to vehicle safety and scientific objectives.
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Figure 6. Wave Glider acoustic tracking and oceanographic surveys

Top left: A deployed Wave Glider USV as viewed from beneath, Top right: BOEM Wave Glider during pre-
launch checkout, Bottom left: Glider in transit to launch site, and Bottom right: On transect offshore Cape
Canaveral. Photo credits: Liquid Robotics, Inc. (top left), Eric Reyier.
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Figure 7. Wave Glider transect survey zones offshore Cape Canaveral

Blue stars indicate acoustic telemetry range testing locations. Non-uniform transect spacing in the Shoal Zone
is to avoid water less than 10 m deep.
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Two types of acoustic receivers were attached to the Wave Glider on each deployment for animal
detection. The first was a Vemco miWR2C cabled acoustic receivevhich has a direct connection to

the onboard computer, allowing it to draw power frgiider batteries and relay animal detections to

shore in near real time. The second was a standalone Vemco Mobile Transceiver (VMT), a miniaturized
batterypowered unit commonly attached to subsurface gliders (e.g., Slocum and REMUS systems). The
VMT was pimarily deployed for redundancy but also allowed for a performance assessment between the
two receiver types. Both receivers were mounted on the sub with the VR2C facing down, while the VMT
was mounted horizontally on the first deployment but facing dowall subsequent missionBi¢ure

8). Both receivers are omdirectional, allowing the detection of animals within a few hundred meters of
the gliderbut not providing exact locations via estimates of tag range or bearing.

Figure 8. Acoustic receivers mounted to the Wave Glider
Left: VR2C, Right: VMT. Photo credits: Eric Reyier.

To evaluate the detection efficiencies of these acoustic receivers, on the first four deployments the glider
sequentially orbited three range test transmitters (Vemcedltags, 69 kHz, 158 dB, 3 min fixed ping
interval) predeployed along the transeotje each in 10, 20, and 30 m of water, in flat areas thought to be
devoid of reef structure. Transmitters were moored with a horizontal orientation r@ugldyf the

bottom, a depth thought to approximate the distribution of many benthic fishes tanghidtudy.

Upon reaching each range test site, the glider then circled the transmitter twice at a 250 m horizontal
radius, and once each at 500 m, 750 m, and 1,009guré 9), although the glider operated at a variety

of distances from range tags as it entered and departed the area and moved between orbits. Similar
spiraling orbits were also conducted at three reef locations where red snapper wstieadigatagged

and released (s&xction2). The species is known to have high site fidelity to tagging locations in other
regions and demonstrattittfle movement through the Canaveral fixed array. These glider searches were
therefore conducted with the intent of detecting smalbate movements of snapper away from tagging
locations.

Surface water chlorophyll, turbidity, and CDOM were measuredyed@minutes by a Turner Designs

C3 flow-through fluorometer housed in the Wave Glider float. The native units from this fluorometer are
Relative Fluorescence Units (RFU) although turbidity was converted to the more familiar Nephelometric
Turbidity Units(NTU) using the equation NTU = (RF8.9)/16.6) as suggested Y¥gan Lancker and

Baeye (2015)Fluorometer readings were validated by collecting andietyzing water samples from

glider launch and recovery points. Dissolved oxygen and surfacetemtpeerature were also logged at
10-minute intervals using an Onset dissolved oxygen logger. The details of all onboard sensors are found
in Table 6.
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Figure 9. Wave Glider acoustic receiver range testing path

A typical range test pattern including orbits at 250, 500, 750, and 1,000 m from a pre-deployed range test transmitter
(center of orbit). Green dots represent the Wave Glider location when it detected the test transmitter.

Table 6. Purpose and description of the Wave Glider science payload

Real- Samolin Location
Sensor Measurement Time Inte?valg on
Data Glider
Vemc_o mini-VR2C Acoustic De_tectlon of acoustically tagged Yes Continuous Sub
Receiver animals
Vemco Mobile Transceiver De_tectlon of acoustically tagged No Continuous Sub
animals
Turner Designs C3 Turbidity, chlorophyll, CDOM, water Yes Every 10 min Float
Fluorometer temp
Onset U26-001 HOBO . .
Dissolved Oxygen Logger Dissolved oxygen and water temp No Every 10 min Sub
Loggerhead Instruments Ambient biological (e.g., fish, marine 10 min every
: . ; No . Sub
Remora Acoustic Recorder mammal) and anthropogenic noise 20 min
Airmar PB200 Weather Station Alr temp, wind speed,_dlrectlon, and Yes Every 10 min Float
gusts, and atmospheric pressure
Airmar CS4500 Water Speed Surface water current speed and .
T Yes Every 5 min Float
Sensor direction
ggfs\gvriwes Wave Height Wave height, direction, and frequency Yes 30 min Float

*Deployments 71 8 only
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3.2.1 Data Analysis
3.2.1.1 Range Testing

Binary boosted regression tree (BRT) models were developed to evaluate the detection efficiency of the
Wave Gliderds acoustic receivers as a function of
covariates. BRTs are a machine learning approat¢i#sasome advantages over generalized linear and

additive models in that it is suitable for datasets containing a large fraction of zeros, can account for

multiple predictor variables without penalty, fit complex dimear interactions, and is relatively

insensitive to outliers, missing predictor variables, and raaltinearity (Dedman et al. 2017; Elith et al.

2008)

Because all deployed range test tags had a-thiegte fixed transmission interval, the exact time of each

tag transmission was known. The BRT model binary response variable was whether (or not) each tag
transmission was det eecedvers Alllpgssibte transmissidngdwhendhe Wave o u s t i
Glider was within 1,000 m of a tag were included, either during dedicated range test trials or when on its
regularly planned path, and separate models were constructed for théR@@iand VMT, plus a

combined model including both receiver types. Exploratory models were also run using transmissions out

to 1,300 m from the range tag, a distance used byQiothr et al. (2017andCimino et al. (2018)The

1,008m and 1,308m runs performed very sinaitly so only the 1,000 m model is presented. Distance (m)
between the range test tag and glider (considered the predictor variable of greatest interest) was calculated
using the geosphere package in R. To assess the relative importance of environmeanaa e

models also included depth (the-1P0-, and 36m sites), wind speed (kts), water temperature (°C), ocean
current (kts), wave height (m), vehicle speed (km/hr), solar irradiance?\Meployment number (as a

factor), and ambient soundourd pressure levePL]). Wind speed, temperature, and ocean current

were obtained directly from the glideré6s onboard
min time window to minimize high variability in this sensor. Wave data were obtaimmadheNDBC

Buoy 410090cated 1841 km east of range test sites. Ambient noise was accounted for by including
broadband sound pressure levels (SIS in decibels) recorded bythel i der 6s onboard Ren
acoustic recorder. Glider orientation (i.e., heading) was not considered since receivers were mounted
vertically, suggesting similar detection ranges regardless of the direction of gliderTre/®MT was

mounted horizontally dimg Deployment 1 but vertically in all other deployments. Exploratory runs with

and without Deployment 1 performed similarly so all data from all four deployments were retained in the
final VMT model.

BRT models were run in the gbm.aytackage in R (v.1.5.®edman et al. 2017This package can

evaluate multiple mixtures of learning rate (Ir), tree complexity (tc), and bag fraction (bf) to determine the

best BRT model. Briefly, learning rate is the rate at which the model learmscae@ases complexity. A

slower learning rate is generally better as long as the model is not being overfit and are within computing
capabilities. Tree complexity is the number of tree splits or interactions the model alldluesaikbvick

et al. 2006)Bag fraction refers to the proportion of data that is randomly chosen without replacement to

train the model with cross validation. Model performance was evaluated by assessing model CV

deviance, area under tfreceiver operatirjgcurve (AUC), CV correlatin (CV Score), and percent

deviance explained relative to the null model. Briefly, in assessing model performance, the lower
deviance the better, AUC scores closer to 1 the b
values over 0.9 are considdre 6 gr eat 6), CV Correl ation over 0.6 i s
better(Dedman et al. 2017Models were also checked for overfitting (determined by comparing the

Training AUC score to the CV AUC score, the smaller difference the bettér) aineast 1,000 trees

were achievegElith et al. 2008) Learning rates of 0.01, 0.001, and 0.005 and bag fractions of 0.5, 0.6,

and 0.7 were tested. Tree complexities of 2 and 3 were {@dittdet al. 2008; Cimino et al. 2018;

Bangley et al. 2021 Tree simplification was evaluated within the gbm.auto function call to determine if
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the dropping of any predictors increased model performance. Marginal effects plots and relative influence
graphs were also created usgign.auto

3.2.1.2 Oceanographic Monitoring

A detailed assessment of water quality conditions measured by the Wave Glider was not a primary study
objective. Nonetheless, general trends in water temperature, dissolved oxygen, chlorophyll, turbidity and
CDOM were often apparent across survey sared seasons. Each deployment was classified as the

season in which it began although three deployments spanned more than one season. Tabular summaries
of oceanographic measurements along the Wave Glider transect were generated for each deployment, and
detailed maps are provided Error! Reference source not found.

3.2.1.3 Glider-Based Animal Tracking

Animal encounters typically consisted of multiple acoustic detections of an individual in a short period of
time. The duration of each encounter was calculated (in minutes) as the time between the first and last
detection by the glider. When an animal wentletected for a period longer thamehour, future

detections were considered the start of a new encounter. Each encounter was clasaifih dileely

valid, or suspecbased on the movement history of that animal. An encounter was consididetithat

animal could be confirmed as alive and moving based on subsequent Wave Glider-statioed=ACT
Network detections. Encounters were classifielikasy validif no evidence was produced through the

Wave Glider or FACT Network that confirmedb®equent movement. Encounters were considered
suspectvhen detections from the Wave Glider on subsequent deployments confirmed that the tag was not
moving, suggesting either a mortality or a shed tag. Suspect encounters were removed from subsequent
statistcal analyses.

Two-sample Kolmogoroxssmirnov (KS) tests were used to assess whether the three most commonly
detected fish species (blacktip shark, blacknose shark, and red drum) were encountered randomly in the
project area (the null hypothesis) or instegpeared to be selecting for certain habitat conditions as
measured by the Wave Glider. Alternatively stated, KS tests can be used to test whether values from two
datase8i n t hi s case the habitat avail aunterdocatioo8 a speci
are drawn from the same distribution. Available habitat were simply all readings logged by Wave Glider
environmental sensors (water temperature, dissolved oxygen, chlorophyll, turbidity, CDOM) or derived
from the vehicle location (water ddpand distance from shore), while encounter data were these same
variables drawn only from animal encounter locations. KS tests are nonparametric and do not require that
data be normally distributed or have equal sample sizes. The test does assuiirieathitdtalvas equally
available to animals and that the Wave Glider, with its systematic path, surveyed the full range of
available habitat, both of which seemed reasonable. Separate tests were run for each combination of
habitat variable and species, parsomnibus test for all fish. Available habitat data generally included

data from all eight deployments, even those where a species was not encountered, because all three
species are present at Canaveral in at least low numberoyed: Red drum was axception; many

red drum transmitters expired in the second year of the study so only data from Deploydhevds 1
considered.

3.3 Results

The Wave Glider successfully completed all eight missions with deployments lasting on average 24 days,
covering 1,202 km, with mean speed of 2.1 km/hr and a maximum recorded speed oh6 (0 &oié 7).

A total of 9,600 km was travetlacross the entire twyear study. Deployment 8 was suspended for

days, with the glider temporarily retrieved and redeployed to minimize risk during the passage of
Hurricane Dorian in September 2019.
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Table 7. Summary statistics for all eight Wave Glider deployments

Deployment Glider Glider Duration Distance Sl\geeaer;l Sl\pflz)e(d
Launched | Recovered (days) Traveled (km) (km/hr) (km/hr)

1 11/26/17 12/20/17 241 1,137 2.0 4.6

2 03/15/18 04/10/18 26.0 1,459 2.3 5.6

3 05/24/18 06/19/18 26.1 1,310 2.1 5.9

4 09/19/18 10/09/18 20.1 1,126 2.3 4.3

5 11/27/18 12/18/18 21.0 990 2.0 54

6 02/22/19 03/15/19 21.0 1,073 2.1 6.0

7 05/22/19 06/19/19 27.9 1,176 1.8 5.2

8 08/23/19 09/26/19 24.1* 1,345 2.3 5.6

Mean - - 23.8 1,202 2.1 53

* Glider temporarily retrieved during Hurricane Dorian

3.3.1 Oceanographic Monitoring

Water temperature recorded by the glider ranged from 18°C (February 2019) to over 29°C (September
2018) with amaximum 2.6°C difference observed between survey zones on any single deployment. No
consistent temperature gradients were detected across Zabés§), although water temperature was
somewhat warmer in the South Zone each winter, apparently reflecting the strongpudnttemperature
gradient that is typical for east Florida shelf this time of year. Mean dissolved oxygen ranged from 5.5

8.0 mg/l withthe highest values coinciding with periods of low water temperature. No instances of
hypoxia were observed. Chlorophyll was extremely patchy across and even within survey zones but was
generally lowest in the spring and highest in the fall. An obviouscgaé was also detected (not

presented) with peak values from sunset through early morning and a distist@ymunimum. The
fluorometer sensors fouled towards the end of Deployment 1 due to growth of filamentous algae, an issue
corrected by the additioof a motorized wiper on subsequent deployments. Mean turbidity ranged from
0.3'14.7 NTU but was also highly variable over small spatial scales. Areas with consistently elevated
turbidity were the South Zone in the Canaveral Bight, and, to a lessertbet&tioal Zone, both areas

where deposits of fine sediment have been identified and may be resuspended by physical and biological
processes. CDOM was relatively uniform across zones but was lower in spring and summer sampling.
Maps of temperature, disseld oxygen, chlorophyll, and turbidity measurements for each deployment are
found inError! Reference source not found.
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Table 8. Oceanographic conditions measured by the Wave Glider by survey zone

Values are means with standard deviation (SD) in parentheses. The season listed is based on the date the survey
began. N/A values are for periods when the sensor readings were inaccurate due to biofouling.

Deployment Parameter Shoal North Reef South
Water Temperature (°C) 22.3(0.3) 21.5(0.6) 21.4 (0.7) 20.6 (0.6)
Dissolved Oxygen (mg/l) 7.0(0.2) 7.2 (0.3) 6.9 (0.1) 6.9 (0.5)
1 (Fall) Chlorophyll (RFU) 498 (134) 633 (175) 824 (509) N/A
Turbidity (NTU) 45 (2.2) 1.6 (1.2) N/A N/A
CDOM (RFU) 443 (80) 465 (60) 308 (80) N/A
Water Temperature (°C) 19.4 (1.4) 19.4 (0.8) 21.0 (1.2) 22.0 (0.7)
Dissolved Oxygen (mg/l) 7.3 (0.3) 7.3 (0.1) 7.1(0.2) 7.0 (0.2)
2 (Winter) Chlorophyll (RFU) 339 (133) 260 (110) 227 (85) 288 (138)
Turbidity (NTU) 2.6 (1.49) 1.6 (1.2) 3.2(2.1) 4.1(1.7)
CDOM (RFU) 177 (67) 156 (40) 97 (50) 96 (30)
Water Temperature (°C) 25.4 (0.7) 26.2 (0.7) 26.4 (0.2) 27.0 (0.8)
Dissolved Oxygen (mg/l) 6.6 (0.2) 6.6 (0.2) 6.6 (0.1) 6.4 (0.2)
3 (Spring) Chlorophyll (RFU) 239 (176) 89 (44) 128 (35) 132 (51)
Turbidity (NTU) 2.5 (3.0) 0.4 (0.4) 0.3 (0.4) 3.0 (4.6)
CDOM (RFU) 40 (6) 52 (33) 30 (6) 35 (6)
Water Temperature (°C) 28.9 (0.4) 29.2 (0.3) 28.7 (0.1) 28.8 (0.2)
Dissolved Oxygen (mg/l) 6.1 (0.3) 6.1 (0.3) 6.2 (0.2) 6.2 (0.2)
4 (Summer) | Chlorophyll (RFU) 280.4 (113.1) | 275.5(165.3) | 351.2(81.3) | 529.6 (99.5)
Turbidity (NTU) 2.5 (5.0) 1.4 (1.7) 2.3(1.1) 7.0 (2.3)
CDOM (RFU) 60.5 (11.2) 90.9 (14.3) 65.4 (13.7) 85.4 (12.4)
Water Temperature (°C) 21.7 (1.2) 20.3 (0.8) 19.8 (0.9) 19.5 (0.3)
Dissolved Oxygen (mg/l) 7.1(0.2) 7.1(0.2) 7.3(0.1) 7.4 (0.2)
5 (Fall) Chlorophyll (RFU) 608 (277) 442 (110) 290 (79) 554 (183)
Turbidity (NTU) 2.6 (2.5) 2.2 (1.4) 1.1 (0.5) 3.8(2)
CDOM (RFU) 278 (143) 268 (43) 165 (57) 281 (10)
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Table 8 continued

Deployment Parameter Shoal North Reef South
Water Temperature (°C) 17.9 (0.6) 17.9 (0.7) 17.9 (0.4) 19.7 (0.4)
Dissolved Oxygen (mg/l) 7.9(0.2) 8.0 (0.2) 7.7 (0.2) 7.7 (0.2)
6 (Winter) Chlorophyll (RFU) 332 (133) 267 (78) 202 (76) 255 (90)
Turbidity (NTU) 0.8 (0.5) 0.7 (1.2) 0.3 (0.2) 0.4 (0.2)
CDOM (RFU) 398 (45) 407 (40) 287 (49) 331 (15)
Water Temperature (°C) 25.9 (0.9) 24.8 (0.8) 25.4 (1.2) 25.1(0.4)
Dissolved Oxygen (mg/l) 7.1(0.3) 7.7 (0.2) 7.7 (0.1) 7.9 (0.1)
7 (Spring) Chlorophyll (RFU) 94 (69) 107 (82) 235 (59) 189 (53)
Turbidity (NTU) 0.4 (0.7) 0.2 (0.3) 0.1 (0.1) 0.3 (0.1)
CDOM (RFU) 36.0 (7.0) 34.4 (6.4) 31.2(8.2) 35.5 (5.5)
Water Temperature (°C) 27.6 (1.4) 28.4 (0.2) 28.0 (0.1) 27.5 (0.2)
Dissolved Oxygen (mg/l) 6.5 (0.2) 6.1 (0.2) 5.8 (0.1) 6.0 (0.2)
8 (Summer) | Chlorophyll (RFU) 160 (100) 405 (145) 372 (81) 508 (61)
Turbidity (NTU) 1.0 (0.9) 7.2 (5.0) 8.8 (2.8) 14.7 (3.2)
CDOM (RFU) 43.2 (12.8) 73.7 (32.3) 45.4 (11.3) 67.7 (9.5)

3.3.2 Acoustic Range Testing

Range testing of Wave Glider acoustic receivers was conducted on each of the first four deployments to
determine the performance of each receiver type as a function of distance, water depth, and other
environmental factors. There were a combined 33 instawten the glider passed witldikkm of a

deployed range tag. This included 17 dedicated trials when the glider orbited a range tag at predefined
distances and 16 instances when it passed near a range tag while on its normal survey transect.
Meteorologicaconditions at range test sites included wave heights 62@3n, wind speeds of 28

kts, and water temperatures ofi B0°C. A total of 3,386 test tag transmissions were generated when the
vehicle was within 1,000 m of the moored test tags. BotmiheVR2C and smaller VMT performed
similarly well within the first 100 m of a test tag after which the mMRI2C outperformed the VMT

(Figure 10). The 50% and 20% detection range (i.e., the distance at which 50% and 20% of all test tag
transmissions were successfully detected) was achieved at roughly 350 m and 500 m for VR2C, and 300
m and 400 m for VMT. The furthest successful detection from the glider was 889 m for tRéR2iGi

and 602 m for the VMT. There were no clear improvements in detection efficiency at progressively
deeper range test sites although the sample size for distessghan 250 m away from test tags was
relatively small. For comparison, range testing around fixed VR2W receivers in the Canaveral Array with
a similarly powered tag (detailed liafrate et al. 201%ad 50% detection ranges of 2800 m and 20%
detecton ranges of 50800 m depending on location, suggesting that both glideed receiver types
modestly underperform bottemounted receivers in this environment.
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Figure 10. Wave Glider acoustic receiver detection efficiency

Detection efficiency by (A) receiver type (all depths combined), and (B) by water depth (both receivers combined).
Distance values are binned to the nearest 100 m.

BRT models were run to assess the factors related to Wave Glider acoustic receiver performance. Range
test tag detection opportunities out to 1,000 m (100 m past the farthest actual detection) were included,
and with separate runs for the VR2C, VMT, and betteivers combined. The only model that benefited
from simplification was the VR2C model run which dropped the depth/site covariate; all predictors were
retained in the VMT and Combined mod€&able 9). The best learning rate was 0.01 for all models and a
tree complexity of 3 outperformed models whiere 2. Bag fraction was 0.7 for the VR2C and VMT
models and 0.5 for the combined model. All final mode&ched over the minimum of 1,000 trees.

Model performance was high with AUC scores considered excellent for all modelsidt.980&nd CV
scores were over 0.6. Additionally, no models showed overfitting as the difference between the training
AUC score ad CV AUV Score were minimal (0.0D2.04). Deviance explained ranged from 56®.7%.

The biggest twavay interaction was Current Speed and Distance for the VR2C and Combined model,
while the interaction between Solar Irradiance and Distance was the fargestVMT model.

Distance between the glider and range test tag was the most important factor in all models (64.9, 75.3, and
58.3% respectivelylable 10) with the likelihood of a tag detection decreasing with distance (

Figure 11). Ocean current speed was the second most influential covariate in the VR2C and Combined
model (8.6 and 8.8%) while solar irradiance was the second most influential predictor in the VMT model
(5.8%). Likelihood of a positive detection increased with increasing Solar Irradiance, which corresponds

to a greater likelihood of detection during the daylight hours. All other covariates contributed 6% or less

in each one of the modeidditionally, inthe Combined model, receiver type (VR2C or VMT), only

made up 2.8% of the relative influence, suggesting receiver type was not a large contributing factor to
detection range of the glider despite the receivers being in slightly different orientations.
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Table 9. BRT model parameters and performance scores

Model n bf Training CV AUC TAUC - CV Correlation De\{iance ' Modgl
trees AUC Score Score (SE) CVAUC (SE) Explained (%) Simplified?
VR2C 1,900 | 0.7 0.95 0.91 (0.007) 0.04 0.67 (0.01) 56.6 Y
VMT 1,050 | 0.7 0.96 0.94 (0.004) 0.02 0.70 (0.01) 58.8 N
Combined | 4,250 | 0.5 0.96 0.93 (0.004) 0.03 0.71 (0.01) 60.7 N

Number of trees = n trees, bag fraction = bf, Training Data Area Under Curve (AUC), Cross-Validated (CV) AUC). TAUC - CVAUC is used to assess model
overfitting. CV Correlation = CV Score.

Table 10. Wave Glider range test BRT model relative influence

VR2C VMT Combined (VR2C and VMT)
Variable % Relative Influence Variable % Relative Influence Variable % Relative Influence
Distance 64.9 Distance 75.3 Distance 58.3
Current Speed 8.6 Solar Irradiance 5.8 Current Speed 8.8
Vehicle Speed 6.3 Wave Height 4.0 Wind Speed 6.4
Temperature 5.9 Current Speed 3.4 Temperature 5.8
Wind Speed 5.0 Wind Speed 3.2 Vehicle Speed 5.6
Wave Height 4.6 Temperature 2.9 Wave Height 5.2
SPL (noise) 2.2 Vehicle Speed 2.3 Solar Irradiance 3.6
Solar Irradiance 1.8 Deployment 1.6 Receiver Type 2.8
Deployment 0.9 SPL (noise) 1.6 SPL (noise) 2.3
- - Depth 0.1 Deployment 0.7
- - - - Depth 0.4
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3.3.3 Animal Encounters

A total of 167 acoustically tagged animals from 20 species (9 sharks, 6 bony fish, 4 rays, 1 sea turtle)
were relocated across tB&Vave Glider deployment§éble 11). Blacktip shark (47 individuals),

blacknose shark (22), red drum (18), finetooth shark (15) and cobia (14) were the most commonly
encountered species. Seventge (47%) of these animals were tagged locally at Cape Canaveral while

the remaiing 88 were tagged independently by 14 other research groups at various locations along the
US East Coast, Gulf of Mexico, and Bahamas. Many animals were relocated multiple times within the
same deployment or even across deployments resulting in 331 anigqued encounterd=(gure 12). The

larger VR2C acoustic receiver produced 62% of all animal detections (each animal encounter is generally
composed omultiple tag detections), and of the 3,735 total animal detections logged by both receivers
combined, only one could not be matched to known tagged animals in the region and was considered a
false detection. The overall encounter rate along the survewpat.02 animals per kilometer trasel

and was highest in the Shoal Zone (0.030 animals/km) and lowest in the North and Reef Zone (0.017
animals/km,Table 12). Some encounters also occurredtodihsect while bringing the glider in closer to

port for recovery. Encounters were also consistently elevated in late fall and winter surveys, and lowest in
summer. Similarly, cumulative species counts were filgioer in the Shoal Zone and in fall and winter.

This seasonal disparity is likely because many fish species are overwintering in east Florida, a
phenomenon also thoroughly documented within the fstaton Canaveral Array.
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Table 11. Acoustically tagged animals detected by the Wave Glider

The mean duration (minutes) of encounters recorded by the Wave Glider and the FACT Network at Cape Canaveral is also provided. Suspect encounters are
excluded from means.

Species No. Valid Likely Valid Suspect Totgl Taggir;g Mean Enlcounter Duration
Animals | Encounters | Encounters | Encounters | Detections Org. (Glider / FACT)

Blacktip shark a7 69 1 1 1,561 5,12,13 20.5/42.8
Blacknose shark 22 34 1 - 262 1 12.4/61.7
Red drum 18 30 1 21 211 1 5.6/62.8
Finetooth shark 15 20 - 2 179 1 14.8/42.9
Cobia 14 14 2 6 131 4,12,15 10.9/31.0
Red snapper 13 - - 64 900 1 *[*
Sharpnose shark 8 13 - 7 185 1 15.6/46.6
Tarpon 6 7 - - 20 3 4.1/61.9
Bonnethead shark 5 6 - - 94 6,12 15.5/454
Goliath grouper 4 7 1 2 46 6,9 6.6/75.3
Cownose ray 3 5 - - 22 7,13 5.2/50.1
Loggerhead turtle 2 1 1 - 7 1 5.3/55.9
Smooth butterfly ray 2 - 1 2 14 14 5.4/171.6
Tiger shark 2 4 1 - 59 2,11 34.4/18.2
Bull shark 1 1 - - 8 13 18/15.2
Gulf flounder 1 - 1 - 14 1.0/14.6
Lemon shark 1 1 - - 1 1 1.0/28.6
Smalltooth sawfish 1 1 - - 3 10 4.2/31.2
White shark 1 1 - - 24 8 24.0/13.9
Whitespotted eagle ray 1 2 - - 6 7 13.5/38.3
Total 167 216 10 105 3,734 - -
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Figure 12. Locations of all tagged animal encounters recorded by the Wave Glider
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Table 12. Wave Glider tag encounter rate and species counts by survey zone and season
Suspect encounters are excluded.

Survey Zone Distance Traveled (km) | Animal Encounters | Encounter Rate | No. Species
Shoal 3,624 108 0.030 15
North 3,243 56 0.017 10
Reef 1,047 18 0.017 7
South 1,363 32 0.023 7
Off-Transect* 362 12 0.033 6
Total 9,639 226 0.023 19

*When transiting to launch and recovery points

Season Distance Traveled (km) | Animal Encounters | Encounter Rate | No. Species
Spring 2,452 19 0.008 7
Summer 2,531 27 0.011 6
Fall 2,128 116 0.055 13
Winter 2,528 64 0.025 11
Total 9,639 226 0.023 19

Of the 226 valid or likely valid detections across all species, exactly half (113) were confirmed as live
animals solely using Wave Glider detections while the other half could only be verified with subsequent
movements through the fixeslation Canaverairray. Not all relocated animals could be confirmed as

alive. Over 100 encounters were classified as suspect because the animal was relocated by the Wave
Glider at the same location across multiple deployments, suggesting a mortality or expelled t&dlyespec

for mobile species such as sharpnose and finetooth shark, red drum, and cobia. Red snhapper, which alone
accounted for more than half of all suspect encounters, were the notable exception. Despite 900
detections, no snapper valid movements were exdirmed by the glider but their naturally high site

fidelity makes it feasible that some detections were of living animals that simply did not disperse from

their tagging locations.

Blacktip shark, blacknose shark, and red drum, the three most comneiesspetected by the Wave

Glider, were not evenly distributed with respect to the habitat available to them in the study area,
suggesting they were selecting for specific conditions to meet their individual life history Tablds (

13). Red drum, for example, were encountered in shallower depths and closer to shore on average than
areas surveyed by the Wave Glider while a contingeblagknose sharks were encountered in deeper
water along the reef tradtiQure 13). Blacktip shark (and many other species not explicitly tested)

prefered cooler temperatures during winter and spring and were largely absent during Wave Glider
surveys in late spring and fall. Most common fish species were associated with above average chlorophyll
levels while the relationship with turbidity and CDOM wasain more speciespecific. It is recognized,
however, that many environmental variables measured by the Wave Glider are correlated. Preference or
avoidance of certain conditions may be decisions made in response to other related factors, as well as to
manyother unmeasured conditions such as the habitat preferences of predators and prey. A summary of
the full habitat conditions recorded for each species is fouAgpendix B.
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Table 13. Wave Glider relocations vs. available habitat

KS tests were used to assess whether animal encounters by the Wave Glider occurred randomly with respect to
measured habitat conditions. Significant p-values (<0.05, in bold) suggest that animals were associating with a
subset of available habitat.

Encounters (All Species) D p Blacktip Shark D p
Water Depth 0.126 0.002 Water Depth 0.133 0.172
Distance From Shore 0.149 <0.001 Distance From Shore 0.151 0.081
Temperature 0.329 <0.001 Temperature 0.536 <0.001
Dissolved Oxygen 0.208 <0.001 Dissolved Oxygen 0.37 <0.001
Chlorophyll 0.273 <0.001 Chlorophyll 0.422 <0.001
Turbidity 0.225 <0.001 | Turbidity 0.241 0.003
CDOM 0.36 <0.001 CDOM 0.636 <0.001

Blacknose Shark D p Red Drum D p
Water Depth 0.204 0.019 Water Depth 0.458 <0.001
Distance From Shore 0.198 0.128 Distance From Shore 0.424 <0.001
Temperature 0.277 0.009 Temperature 0.294 0.009
Dissolved Oxygen 0.139 0.508 Dissolved Oxygen 0.274 0.019
Chlorophyll 0.211 0.137 Chlorophyll 0.275 0.018
Turbidity 0.268 0.085 Turbidity 0.374 0.001
CDOM 0.313 0.012 CDOM 0.294 0.019

3.3.4 Wave Glider vs. Canaveral Array Performance

Of the 331 unique encounters with acoustically tagged animals by the glider, only 60 (18%) were at
locations within 500 m of a fixedtationreceiver of the Canaveral Array (mostly red snapper on the reef
tract), demonstrating the ability of this mobile platform to supplement-Bx&tibn acoustic telemetry by
expanding searches into previously unmonitored areas. Nonetheless, when corbiedr@tgdays in

which the Wave Glider was at sea, the vehicle detected, on average, 64% of the species, 40% of the tags,
but less than 2% of the detections of the fixed Canaveral Array in the same time PpabiedLd). All

but four live fish encountered by the Wave Glider were also detected in the Canaveral Array, and 55% of
all encounters were with animals detected in the Canaveral Array witthiou2d of a Wave Glider

detection.
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Animal encounters with the Wave Glider averaged only 14.1 (+ 24.2) minutes. The longest encounter was
with a blacktip shark in March 2018 whose course of travel paralleled that of the Wave Glider #r over
hours. In contrast, encounters of animals witkdi stations in the Canaveral Array lasted over twice as

long on averageT@ble 14) although direct comparison between the two approaches were often
confounded by a small sample size and the variety of tag styles used across species and researchers.
Tiger, bull, and white sharks were the only species whose interactions with the WaardaSlield longer

than the mean encounter with Canaveral figedion receivers.
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Table 14. Production of the Wave Glider receivers vs. the Canaveral Fixed Array

Comparison only includes acoustic data collected on days when the Wave Glider was deployed

- Wave Glider Canaveral Array Cilizler Cs;t?(\;gral AUTEY;
Deployment Nq. No. No. Nq. No. No. % % %
Species | Tags Detects* | Species | Tags Detects* | Species | Tags Detects*
1 10 44 366 11 112 56,872 90.9 39.3 0.6
2 7 28 937 16 108 27,574 43.8 25.9 3.4
3 7 20 82 13 49 13,433 53.8 40.8 0.6
4 8 19 95 7 30 10,217 114.3 63.3 0.9
5 12 62 753 17 124 14,813 70.6 50.0 5.1
6 10 33 379 16 138 28,630 62.5 23.9 13
7 6 16 87 18 73 48,499 33.3 21.9 0.2
8 5 21 136 11 39 7,783 45.5 53.8 1.7
Mean 8.1 30.4 354.4 13.6 84.1 25,977.6 64.3 39.9 1.7

*Red snapper detections excluded due to the high likelihood detections are from shed tags

3.4 Discussion

Over this tweyear evaluation, the Wave Glider proved itself as a platform capablgpbrting tracking

studies of acoustically tagged animals on the continental shelf. The vehicle cumulativegdinaaely

10,000 km, repeatedly navigated a preprogrammed course without serious issue, and collected high
resolution water quality data alg a gradient from shallow inshore shoal margins to deeper offshore

reefs. Moreover, it detected more tagged fish and species than has generally been reported elsewhere and
paired these detections with localized oceanographic and meteorological readiviging habitat

context that is hard to collect in fixed tracking arrays.

3.4.1 Operational Considerations

Ocean gliders are likely to have increased relevance to BOEM field operations in the coming years.
Besides the animal tracking and ocean soundscapeystapebilities utilized here, gliders of various
configurations may become suitable platforms for monitoring ocean currents and turbidity plumes near
active dredge sites, detecting leaks of petroleum products from oil platforms and pipelines, and
conductig bathymetric surveys of new project areas, among other goals. While these routine tasks are
still generally performed from crewed vessels, gliders may soon provide greater frequency and duration
of sampling at a reduced cost.

The results and lessons lead from the present study should help improve project planning and reduce
the operational risks associated with future glider projects undertaken by BOEM or other organizations
conducting biological surveys over the continental shelf. Perhaps the pathamytage of the Wave

Glider when operating near the Canaveral Shoals was that its continuous satellite link allowed it to follow
a predefined and systematic survey path with high fidelity and thus avoid known hazards such as the
shoreline, shallow shoaldges, and navigation buoys. Significant deviations from the planned course

only occurred for one day at the end of Deployment 1 due to a combination of calm seas and a longshore
current of roughly 2.5 km/hr, although an unrelated soundscape missiog #02alwas ended early due
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to similarly unsuitable conditions. At the end of Deployment 4, the survey path was even modified to
bring the glider inside Port Canaveral for retrieval due to hazardous seas offshore. Moreover, restricting
operations to waterepths greater than 10 m provided a sufficient safety margin, and the vehicle (which
drafts 5 m) never grounded. This safety buffer precluded sampling the shallowest areas of the Canaveral
Shoals but did allow operations over the CSllI dredge site; manysithe identified for sand extraction

by BOEM are also over 10 m deep. Published navigational charts were somewhat inaccurate near the
shoals, likely due to sand migrating after the map was produced, and the projecttfnafifirst

verifying water deths along the shoal margins and adjusting the final transect prior to the first
deployment. Wave Gliders can also be fitted with echosounders to improve navigational awareness in
areas where depth is unknown.

Despite certain operational advantages whenaifmg in shallow coastal waters, surface gliders have
drawbacks relative to subsurface gliders that will be relevant for certain survey tasks. Notably, surface
gliders cannot easily measure vertical gradients in temperature, salinity, and other chebiatagical
properties of the water column. Thignstraintis important for projects requiring access to deeper

habitats although Wave Gliders are available with much longer tethers to access greater depths, and
glider fleets could easily include baghirface and subsurface vehicles. In addition, surface gliders are
more susceptible to interactions with boats and fishermen. While no boat strikes occurred in the present
study, it was common for the Wave Glider to undertake temporary automated couasiemieto reduce

the risk of collision with AlSenabled vessels. Fisherman interactions were confirmed in the form of
fishing line left on the glider on at least two deployments, one of which tangled the thruster and degraded
the vehicle rate of movemerithe northern Gulf of Mexico, a region with considerable maritime traffic
associated with offshore energy production and commercial shipping, is an area where vessel strike risk
could be particularly high.

3.4.2 Gliders for Animal Tracking

Ocean gliders aralready in use by several groups for acoustic tracking purposedl{geeet al. 2013;
Haulsee et al. 2018; Cote et al. 2019, though many studies remain unpupéisheded to demonstrate
proof-of-concept, or are byproducts of other oceanograpbi&areh. As capabilities improve and costs
decrease, ocean gliders will increasingly be viewed as core assets for collection of animal tracking data
from which to base management decisions. One likely point of deliberation is how much to invest in
mobile tracking platforms vs. fixedtation tracking arrays. In the present study, the concurrent operation
of a glider and a large fixestation acoustic tracking array at Cape Canaveral provided a rare opportunity
to compare the strengths and limitations of egmiroach.

Of greatest significance, the Wave Glider demonstrated itself as a technically capable tracking platform,
detecting a relatively large number of species (20) and individuals (167). This number of animal
relocations is higher than reported elsevehbut is due in part to operating in east Florida, a region with
multiple ongoing fish tracking studies and a strong culture of researcher collaboration which helped for
identifying animals tagged by others. The platform did not produce many falséafet¢atcommon

artifact in acoustic tracking), relocated at least five tags shed by animals, and data were retrieved without
the need of SCUBA diving. The Wave Glider (as with other glider platforms) also allowed for the
simultaneous collection of multipenvironmental covariates as animals were detected, providing
important localized habitat context. These included sea surface temperature, dissolved oxygen,
chlorophyll, and turbidity but if properly provisioned, the glider could also measure other waligr q
characteristics, baitfish biomass, or seafloor rugosity. Finally, the Wave Glider unexpectedly assisted in
the management of the Canaveral Array itself. Specifically, four VR2AR tracking receivers deployed on
the reef tract and weighted with-4§ cement moorings were displaced during Hurricane Dorian
(September 2019) despite being originally placed in wafe23.5 deep. Because each receiver had an
internal transmitter detectable by the Wave Glider, these displacements were recognized durxtg the ne
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glider deployment. Subsequentiystematic orbital glider searches were condyaiad all four units
were relocated and recovered 0.5, 0.8, 4.4, and 5.3 km southeast of their original sites.

The central limitation of glidemounted acoustic tracking that monitoring occurs around a single, albeit
everchanging, location at any given time, resulting in a sparser dataset with which to infer animal
movement. In this study, when considering only the days when the glider was on mission, the glider
loggedonly 64% of the species, 40% of the tags, and less than 2% of the detections of that produced by
the 62 station Canaveral Array. Moreover, the status of an animal (i.e., living vs. dead) generally required
at least two encounters at different locationsl immmany cases, tag status was only confirmed with
subsequent animal movements through the Canaveral Array. One possible way to reduce this issue would
be to incorporate available depth or swim speed sensors into acoustic transmitters to confirm animal
mation more quickly or to loiter at detection locations to detect movement away from the site.

3.4.3 System Performance

Range testing is key to the appropriate design of acoustic telemetry studies and should be a component of
any major tracking efforiKessel et h 2014) This is perhaps even more true for glitdassed surveys, an
emerging approadfatclearly holds promisébut for whichreal world tracking applications remain rare.
Results from glidebased range tests will help set realistic expectatiorssdiggy study area boundaries,
transect spacing, and overall mission duration, among other factors.

Range testing with the Wave Glider suggested that animals can regularly be detected from several
hundred meters awaut performance was somewhat reducathgared to nearby bottemounted

receivers in the Canaveral Array. Further, at least two previous-tied range test studies have been
conducted with which to draw compariso@8iver et al. (2017valuated the performance of VR2C and
VMT receivers ntegrated into a Slocum buoyancy glider during @@ deployment off New Jersey and
Delaware whileCimino et al. (2018assessed Vemco VR2W and VR2Tx receivers mounted on a Wave
Glider SV3 during a oneveek trial off Southern California. The present stadmplemented these

earlier efforts by evaluating the VR2C and VMT receiver tgpasdels designed explicitly for glider
operationd on the Wave Glider platform and by testing across multiple deployments and a wider range
of environmental conditions. Whitbe previous studies each had different designs, both reported the
distance at which 20% of range tag transmissions were successfully received. Using a 156li&tag,

et al. (2017¥ound that 20% of transmissions were detected at 600 m for a VR2@amd tbr a VMT.
Cimino et al.(2018)reported 20% of detections on the best performing receiver occurred at 500 m for a
153 dB tag and 800 m for a more powerful 160 dB tag. This was comparable to the 20% detection
distance of 500 m and 400 m observed eglesent study (158 dB tag) for the VR2C and VMT
respectively. Combined, the studies suggest that Wave Gliders have superior performance at closer
distances than the Slocum glider but also confirmed that detection rates remain below 100% even when
within 100 m of a tag.

There were limitations in the Canaveral range test trials that may be worth addressing in future tests. For
example, the study used only a single style of fuigtver tag, albeit one commonly adopted in open

ocean tracking studies. Species requiring smédied therefore generally lower power) tags will have

reduced detection ranges and these tags should be directly evaluated. Second, range test orbits occurred at
250 m increments which in hindsight was a relatively large interval given the maximum detacge

of 900 m. Time permitting, range test orbits of 100 m would provide finer resolution, especially when low
power tags are under consideration. Finally, the study did not account for water quality stratification (e.g.,
thermoclines), features whiclneaseasonally common off the east Florida shelf and have been shown to

affect acoustic tag propagation in other stud@sver et al. 2017)
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Scenarios where ocean gliders, and a Wave Glider in particular, might be preferred over a fixed tracking
array cold include mitigation monitoring of dredge and construction sites for protected fish species

(Verfuss et al. 2019hich in the southeastern US might include smalltooth sawfish, giant oceanic

mantas, or Atlantic sturgeon. The rtiahe data stream woulallow operations to be modified or halted

when animals are detected inside a predefined perimeter (with the caveat that lack of detections does not
assure that a species is absent). Wave Gliders would also be useful in studies where tagged animals are
likely to disperse across patchy habitat such as isolated reefs, offshore wind turbines and oil platforms, or
along linear habitat features such as barrier reefs and steep rocky coastlines. In such instances, animals are
likely concentrated in a small subsétan overall project area and weksigned and repeatable transects
should generate robust movement data over time. W
sample size, tag specifications, and system detection range, various searchstatddieven be

simulated and optimized prior to the first glider deployment. The glider could also conceivably follow

along with the migrations of certain coastal species including sharks and manta rays to help understand
distribution of fish across emanmental gradients in temperature, chlorophyll, or other parameters.

Finally, further investment into capabilities for active tracking that generate animal range and bearing

would allow finescale positions of tagged animals to be produced. The-dineaiional receivers

commonly mounted on ocean gliders can only confirm when an animal is within its overall detection

range, typically a radius of hundreds of meters. Progress has been made on active tradBlatk(see

al. 2013; Skomal et al. 2015; Whiteal. 2016; Lin et al. 2017; Dodson et al. 2018}, these efforts are

still generally limited to short deployment durations in a small area. Developing the means to track fine
scale movements of &6fish of depoymentstwouldidiargaficalwhen enc
improve home range estimates of mobile species on the open shelf, document microhabitat associations,
and allow responses to anthropogenic disturbances such as pile driving and dredging to be quantified.
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4 Sea Turtle Habitat Associations

4.1 Introduction

Global impact of climate changedsealevelriseobligate balancing protection of infrastructure as well
as minimizing habitat loss, especially for threatened and endangered speeresare seven sea turtle
species in the wdd, six of them have been found in the southeastern US, and all of these are federally
protected. Most abundant amgfjerheadCaretta carettapnd greerfChelonia mydasseaturtles that

utilize nearshore waters and adult females that nest on sandgselmcbomparatively fewer number are
leatherbackDermochelys coriacga n d K e mp(&epidochielys keenpiturtlesthat alsonest on

these beadas Offshore or migrating in comparatively lower numbers are hawk&y#tmochelys
imbricata) and Oliveridley (Lepidochelys olivacgaurtles.The presence or abundance of differtfat

stages and size classes of all these turtle specigs var

In and around theand shoals off Cape Canavetalo gger head, gr e eamthermostd Kempos
frequently si@pted sea turtlewith juvenile and adult life stages present at different times of thg @ear

et al. 1980; Butler et al. 1987; Dickerson et al. 1995; Schmid 1P&sent but in lower abundancethe

adult leatherback turtléschroeder an@thompson 1987)Just south of this area, besk frequety

observedare hawksbill turtleg¢Eaton et al. 2008 Uniquely, there have bearhandful oflocal

encounter®f theOlive ridley turtle

Shoals off Cape Canaveral provide saeggburceghat can be useful irestoing nearby shorelines that

protect infrastructure and are important for nesting sea turtles. Little is known, however, about impacts to
sea turtles during and after abruction and dredging activities necessary to restore sand depleted areas

In the past three decades, advances in technology and management of dredging activities have worked to
minimizedirect impacts t@eaturtles (i.e., the injury or mortality fromdredge strike or entrainment in
equipment)Reine and Clarke 1998; Dickerson et al. 20B#jwever little is known abouindirect

impactsfrom habitat los$or sea turtlesPotential indirect threats include loss of refuge (resting areas)

and/or changes in foraging resources (e.g., invertebrate diversity and abundance) or trophic level feeding
(Nairn et al. 2004)Habitat alterations can negatively influence sea turtlegeties (i.e., wider home

ranges) caused by food scarcity or introduce competiann dy shoal s can be virtua
invertebrate density and divers{fyubois et al. 2009)After disturbance from dredging activities the

recovery of invertetate communities may be dependent upon numerous factors. High current regimes
have been associated with rapid and short recovery tirri@y€ars), similar to areas with high

productivity (van der Veer et al. 1985; van Dalfsen et al. 20803as with lov currents may take much

as much as 5 years or longer to recqvan der Veer et al. 1985Jhe duration of disturbance is also

important, with less disturbed sites showing recovery in 2 yBangl et al. 2005)Recovery of benthic

and infaunal inveebrates at Canaveral shoals from dredging is expected to be rapid, given the high
energy, shallow, dynamic environment, with effects mostly considered trafidige and Smith 2022)

Data concerning the potential role of sand shoal habitat in thedifery of sea turtles are important for

making informative decisions concerning the management of these areas.

Sea turtles, as are many marine fauna, are notoriously difficult to study as they spend nearly all their lives
at sea (~ 95% for females, 10086 males). WeHldesigned telemetry studies allow researchers to gain
insight into sea turtle movement and behavior. Multiple products are available, each with its own
advantages for the animal studied and/or environment constraints, and the hypothgseshei. For sea
turtles, aitellite elemetryhas been used for more than 40 years to track thevementgStoneburner

1982; Hart and Hyrenbach 2010he Argos satellite system and improvements in tag technology and
instrument attachment has prowidepportunities for higher resolution tracking for much longer periods

of time (Hays et al. 2016)Additionally, the utility of Fastloc GPS technology has improved location
accuracy within tens of metefidazel 2009)Improvedresolution allows more liable application of
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environmental data as well as improves directionality déaijon et al. 2014; Christiansen et al. 2Q17)
Data filtering, refinementand additions to statgpace models (SSMs) and other programs (e.g., Markov
Chain Monte Carlo [MCMC]), have improved autocorrelation detection and convergence diagnostics,
resulting in improved data analysis of Utilization Distributions (UDs) and actpige.

Coupled with satellite tracking, acoustic tracking data can reduce gaps in movement and location data.
Acoustic transmitter tags are generally smaller and lighter weight than satellite tags and can provide
continuous transmission signals underwatéey have been successfully applied to track sea turtle
movement over the past three decagldart et al. 2012)racked hawksbill turtles using satellite and
acoustic telemetry and was able to improve overall movement data resolution in the Dras dgtgin
areas that are seranclosed (e.g., bays, estuaries), acoustic telemetry can provide optimal movement
resolution(Lamont et al. 2015)r arrays can be concentrated in an area of interest to allow no signal
leakage of tagged animals.

IMU (inertial measurement unit) devices are a hewer available instrument with technology to detect linear
acceleration (via accelerometer), rotation (via gyroscopes), and heading or orientation (via
magnetometers). Data collected provide a-fine a | e 6 p v antanimaéndoves throughoits
environment, discerning behaviiosuch as resting, diving, foragifigyson et al. 2019) that are

translatable into metabolic and energetic status.

In 2017 ,(lafrate et al. 2019 mployed the use of satellite and acougtierhetry to investigate the

movement and habitat use of nesting female green and loggerhead sea turtles in the vicinity of Canaveral
Shoals during their inteand postesting activities. The study explored differences in habitat use

between species, tipotential relationship of habitat use and environmental variables (site depth and
sediment fines), and examined individual migratory paths to foraging ground destinations. The goals of
this study are to build on the previous findings and utilize IMU insémnis to quantify metabolic and

energetic status of sea turtles within Canaveral sand shoals. Specific questions addressed for loggerhead
sea turtles during this study period include:

1. Do theUD and core areas of adult female loggerhead turtles includéasieaa in Canaveral?
2. Is there a relationship between habitat use and water depth or sediment grain size?

3. What is the behavior (resting, sleeping, foraging) of turtles within shoal areas?
4

How do sea turtle tracking results in 2017 study compare with thentstudy?

Combined, these results will help determine whether sand shoals of the east Florida shelf serve a unique
role in the life history of managed sea turtles and help better define the risk of sand borrow activity on
protected sea turtle speciedtitdately, this information is important to mitigate potential impacts through
closer examination of the temporal and spatial relationship of sea turtle behavior within the water column
near shoal habitat.

4.2 Methods
4.2.1 Sea Turtle Collection and Satellite, Acoustic, and IMU Tagging

The Canaveral study area boundaries adjacent to the turtle nesting beaches are Bigonmgn4nTen
female loggerhead turtles were tagged from-fhide to early July 2018, within what is considered peak
loggerhead nesting season. Females were contained on the beach aftemibleted nesting or false
crawled. Only loggerheads were tagged in 2018 to maximize the morangdwivedeployment and
retrieval involved with the IMWataloggers. Capture and handling of each animal followed the same
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methods and permitted protocalsscribed inafrate et al. (20194l turtles were fitted with a satellite

transmitter (tag number pfex PTT), acoustic transmitter, and IMU tag (labeled)XTable 15).

Wildlife Computers SPLASHLBF-334D satellite transmitters (8.4 x 8.4 x 3.8 cm; estimated battery life

470 days) were ideal for documenting turtle movements throughout the Canaveral region and as they
commenced longlistancepostneging migrations. These platform terminal transmitters (PTT) provide

animal location data through Fastloc GPS with precision of up to 20 m. The tags also produce less

accurate positions from Argos satellites when GPS locations cannot be obtained. Thedecatgms

are assigned a location class based on the relative accuracy of the location, which could range from 100s

of meters to several kilometers. Each satellite transmitter also contained a wet/dry sensor that flagged
extended periods at the surface.(e . , fAhaul out so) that suggested pos
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Figure 14. Loggerhead turtle satellite relocations within the core Canaveral study area (2018)
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Table 15. Tagging details for female loggerhead turtles tagged at Cape Canaveral
SCLn-t refers to straight carapace length notch to tip and SCLmin refers to minimum straight carapace.

ReD'zf‘:e SCLn-t | SCLmin | PTTID T:;\'\SLIJD Afg;?gc
6/14/2018 NR 84.0 171973 A 15993
6/14/2018 86.7 84.7 171974 D 15995
6/14/2018 98.2 96.7 171976 B 20079
6/14/2018 82.8 80.5 171977 C 15983
6/30/2018 96.1 94.0 171979 E 15986
6/30/2018 82.7 82.7 176062 F 15990
6/30/2018 92.9 90.2 176064 G 15987
6/30/2018 81.0 78.3 176065 H 15977
7/02/2018 98.7 NR 176063 | 15989
7/02/2018 100.5 98.3 176066 J 15992

An acoustic transmitter (Innovasea V4B coded transmitter, 5@30 sec. ping interval) was attached to
the lower left or right posterior costal scute (#5) near the marginal scutes (Figuraffdteet al. 2019)

using twepart marine grade epoxy. Thdasansmitters, while less capable than satellite tags in that they
only allow positions to be detected within a few hundred meters of a deployed remeirexpensive

often have long retention ratemnd are useful in data validation of satellitekiag data(Hart et al.

2012) The acoustic tags were compatible with receivers in the Canaveral Array and the wider FACT

Network.

IMU tags(OpenTagloggerheadnstruments, Sarasota, FL, USK0.5 x 4.7 x 2.2 cnL10 g)integrate a

3D accelerometer, magtometer, and gyroscope with pressure, temperature, and light sensors. The tag
produces accelerometer, gyroscope, and magnetometer data at 50 Hz and temperature and pressure at

1 Hz. As only accelerometer and pressure data were used for the analyisistndy, no specific

calibration was required with exception of verifying a magnitude of 1.0 g for the accelerometer at rest.

Each IMU tag was powered by 2 lithiupolymer batteries with an estimated life of 14 days and was
encased in sufficient syntacfieam to make it positively buoyaritags were equipped with a very high
frequency (VHF) transmitter to assist in recovery once it detached from the turtl¢heisedags had to
be retrieved to download recorded dathe IMUtags were programmed to rage in the early morning

to allow maximum time for tag recovery by boat during daylitt) recording began at the time of

programmingtypically at 2200 hrs (local) on the night of deployment. This allowed collection of pre
detachment

deployment baseline dataanda i f i e d
sensitive connections, the IMU tag was affixed after the satellite and acoustic tags. Marine epoxy was
used to secure the IMU attachmetate to the carapace just behind thelbéransmitter tagFigure
15). A smaller piece of putty was affixed 10 to 15 cm posterior to the first on the carapace to create a
levelresting spot for the posterior end of the IMU tag. The tag was then secured to the attachment plate
with 0.3 mm diameter stainless steel wire. When an electric current is signaled from the tag, the wire
rapidly corrodes through the connection and thedagleased from the plate and floats to the surface of
the water. A doublavire arrangement was implemented when it was discovered that initial deployments

using only a singlavire link broke and prematurely released the IMU.

tag
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Figure 15. IMU and satellite tag attachment (left), recovery from boat (center), and beach (right)

IMU tag separation was necessarily shortened for turtles captured late June and early July for recovery
purposesThe decrease in deployment period waslémgnted to reduce data loss risks for turtles nesting

in late June and July that could be depositing their last nests and departing the Canaveral region, making
instrument retrieval more difficult or unlikely. Therefore, the IMid4 deployed on turtlesyturediune

14 were set to disconnettl.5 days postieploymentvhile tagsonturtles capturedune30and July2

were set to disconne6t5 days after deployment

A VHF receiver with a directional antenna was used on each scheduled release dath fordézating

IMU tags with the latest signal from the satellite transmitter used as the starting point for recovery efforts.
Sweeps were made with the directional radio antenna from land first, up the beach, across the water, and
back onto the beach lating for the signal. Sweeps continued further along the beach until a signal was
acquired and then signal strength triangulation was confirmed from several locations. This method proved
successful in locatintMU tags that had washed up on local beacheged as for tags still drifting

farther offshore.

4.2.2 Data Analysis
4.2.2.1 Satellite Telemetry and State-Space Modeling

Data from loggerhead turtle satellite tags were retrieved via the Argos satellite system and positions were
reviewed for the overall status,tert, and quality of tag transmissions. To refine tracks and classify
behavior of tagged turtles within the Canaveral region and to improve the quality of locations, a Bayesian
switching SSM was applied to satellite telemetry data, which takes into a¢dagwstand Fastloc GPS

l ocation error when estimating animalsdé | ocations

guantify water depth and sediment associatibnggerhead turtle locations were analyzed with a first
difference correlated random Wwahodel(Jonsen et al. 2005fEach reported location was assigned a
behavioral state value that may correlate with migratory movements or exploratory behaviors f.e., area
restricted search, defined by slower speeds and increased turning angles) that are commonly observed
during foraing, mating, or resting activities. In some locations, the behavior was unclassified without a
clear indication of migratory versus exploratory movements. For more detail on the process of filtering
and the methods for the SSM, gk&drate et al. 2019)
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All satellite tag location points were first spatially filtered in ArcGIS 10.3, and positions on land unlikely
to be associated with a nesting event were removed. Data were then used as input for each individual in
the SSM. The SSM was run using R udingbsampackagdgJonsen et al. 2008nd JAGSPlummer

2017)for MCMC sampling. After evaluation of variability and average time interval between detections
for all individuals, a time step of 5.5 hours was used to improve time to model converdienarate
unrealistic fine time intervals. Convergence diagnostics of each model included visual examination tests
for autocorrelation and evaluation to determine if the MCMC chains had converged as expected for each
paramete(Brooks and Gelman 1998)

Positional data output from the SSM were reimported into the ArcGIS 10.3 environment for visual
examination of tracks. All positions were classified by depth contour BiBsnf05 10 m, 1015 m, or

15/ 20 m) and % of sediment finesi @ 5 10, 10 15, 15 20) for each individual track within the

Canaveral study area. UDs of 50% (core use areas) and 95% (activity space) were also calculated locally
from kernel density estimates, including overlap with bathymetry and % of fine sediments for the study
area, similato lafrate et al. (2019)0verlap of core use areas was calculated in ArcGIS. The metrics are
defined as follows:

Core Use Areasareas of concentrated space use within the range of the animal, estimated using the 50%
volume contour of the kernel denségtimation.

Activity Space: Larger areas of overall occurrence for the animal, estimated using the 95% volume
contour of the kernel density estimation

Finally, Manly selectivityanalysigManly et al. 2002)as conducted on both the pooled and indigidu

animal results using points from SSM output, using the R paddembitatHFCalenge 2006)The

Manly selectivity measure corresponds to the selection ratio (used/available), and as part of this test the
preference and/or avoidance is tested fohdwmabitat variable, and differences between ratios. This

statistical test was used to investigate whether a habitat preference or association for specific depth bands
(0r 5,510, 10 15, 1520 m) or % sediment finesi(, 5 10, 10 15, 15 20%) exists.

4.2.2.2 IMU Tags and Analysis of Dive Behavior

R Software specifically thediveMovepackaggLuque 2007and base R functions were uged

organizing, plottingand analyzing IMU dive data. Pressure (depth) data were corrected using the Zero
Offset Correction method in tlileveMovepackage. Calculations includaslerage depth, max depth, dive
mean duration, dive max duration, mean surface interval, and pergetmh@sulmerged. Diel patterns

in dive parameters were tested using Wilcoxon sigaet matcheedpairs test. Additionally, plots of dive
depth versus time were produced and Vector Dynamic Body Acceleration (VDBA) and Overall Dynamic
Body Acceleration (ODB) were calculated based on the description providédatsey et al. 200@nd
(Wilson et al. 2017)ODBA is considered a proxy for activity level. VDBA can be used as a proxy for
energy consumption or metabolic rate. Satellite GPS locations wee€ lialdivesoccurring within 100 s

of the recorded location to alloanalysis of divéhabitat(i.e., GPSlinked dives)Only GPS locations

with dives occurring within 100 s were considered for this analysis given the assumptions of the average
swimming sped of sea turtles and the locational accuracy of GPS loca¥i®iA and ODBA were also
characterized for time periods within 3 hours of@ 3SMposition estimatéo assess changes in activity

by behavioral state
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4.3 Results
4.3.1 Movement Summary

Satellite transmission data from taggkjgerhead females averagEr93 days £ 162.2 SD), ranging

from 29 495 daysTable 16). The last transmission received from a satellite tag was 18 October 2020.
Location data points from tHe tags totaled 7,865 (5,591 Fastloc GPS and 2,274 Asghy. Based on

i haul o,onltwodustlesappeared to have nested one or more times (hestjafter they were

initially tagged on the nesting beach. The haulout data from one turtle (tag id. PTT 171973) indicated it
potentially nested on Melbourne Beach (approximately @&srsouth). The other turtle (PTT 176064)
appeared to have nested on Cape Canaveral Space Force Station (CCSFS), north of the cape tip and re
nested on at leastio occasions July 14 and August 9. Before departing the vicinity of Canaveral
altogether, tutes spent 241 days in the regiorm&ble 16). The actual percentage of time tracked (based

on days) that turtles were in the Canaveral region rangeceet3.151.7% (average 194.16.9 SD).

All but one turtle (PTT 176064) completely left the area by the end of July. Therefore, it appears from
tracking data the majority of turtles were at or near the end of their nesting period. For the most part,
turtles were not fixed in the Canaveral region but instead passed through the study area several times over
the course of tracking with individual visits lasting onfy8ldays. Overall, loggerheads utilized slightly
deeper waters in 2018 vs 2017. In 2018, 66%h® raw, nomormalized SSM locations were between

10i 15 m deep, while in the 2017, 65% of Aroormalized SSM locations occurred in water orilgGm

deep Figure 14, lafrate et al. 2019).
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Table 16. Movement summary for loggerhead turtles tagged in June and July 2018

bet ween

The term Al nterodo use refers to satellite rel ocatrefentssatellite tag felocations breshoalt a t
habitat after nesting was completed.

PTT Release Date Left Dy i) Shoal Days Date of Last .
Identity Date Canaveral ngz\i/g;al Detections | Tracked Position e N (Heree e
171973 6/14/2018 712/2018 18 Inter 108 09/29/2018 82 km S of Little St. George Island, FL
171974 6/14/2018 7/2/2018 18 Post 425 08/11/2019 85 km SW of Great Exuma Island, Bahamas
171976 6/14/2018 6/27/2018 13 None 117 10/08/2018 33 km E of Jacksonville Beach, FL
171977 6/14/2018 7/12/2018 28 Post 60 08/12/2018 80 km SE of St. Augustine Beach, FL
171979 6/30/2018 7/1/2018 2 None 65 09/02/2018 60 Km SE of Mayport, Jacksonville, FL
176062 6/30/2018 7/14/2018 15 Post 29 07/28/2018 25 km E of Cape Fear, NC
176064 6/30/2018 8/9/2018 41 Inter 495 11/06/2019 25 km S of Great Exuma Island, Bahamas
176065 6/30/2018 7/29/2018 30 Post 149 11/25/2018 110 km E of Fernandina Beach, FL
176063 7/2/2018 7/31/2018 29 Post 264 03/22/2019 57 km SW of Cape Romano, FL
176066 7/2/2018 7/17/2018 15 Post 81 09/20/2018 10 km SW of Cape Charles, VA
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4.3.2 Local Habitat Use (Including CSII Dredge Site)

4.3.2.1 Utilization Distribution Maps, Core Use Areas, and Individual Variation

The most heavily used areas wereghallow areas along the coast to the north of and immediately
adjacent to Cape Canavergldure 16). Loggerhead turtles regularly used nearshore watath of
Cape Canaveral as well as the ridge and swale habitat on the northern flank of the Southeast Shoal. Core
use area (50% UD) overlapped with the CSII dredge site for only one turtle while activity space use (95%
UD) overlapped the dredge site fara turtles. Core and activity use areas had minimal overlap with the
Chester Shoal control site. Core use areas for most of the individual turtles were small, less tham 5 km
more than half of the indivi duaddedlkch{Tabked7). ed.
a r Gsangepth)e whdre d

Turtlesd core and activity wuse
percent sediment finasere low (0 5%; Table 17; Figure 16).
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Figure 16. Local habitat use by loggerhead turtles tagged in 2018
Maps include 50% UD (core use area) and 95% UD (overall activity space)
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Table 17. Overlap of loggerhead turtle core use areas with bathymetry and sediment % fines
Values shown for bathymetry and sediment % fines are mean, displayed as a percentage, normalized based on

habitat available in each bin.

Core Use Area Size 0¢5 km? | 5-10 km2 | 10-15 km? | 15-20 km? | 20-25 km?
% of turtles 60 30 10 NA NA
Water Depth 0¢c5m 5¢10m 10¢15 m 15¢20 m 20-25m
% of core use area 44 25 13 18 NA
Sediment % Fines 0¢5% 5¢10% 10¢15% 15¢20% 20-25%
% of core use area 26 16 20 11 27*

*This percentage comes from overlap of the 50% UD with 20-25% sediment fines polygons. However, no SSM estimated locations
directly occurred in these areas, resulting in no data for the Manly analysis described below. Both analyses show preference for low

sediment fines.

4.3.2.2 Manly Selectivity Analysis from SSM Output

Manly selectivity analyses were used to examine resourceisel@abitat used/habitat available) for
turtles by comparing selection ratios for bathymetry and sediment % fines, and specifically testing for
preference/avoidance of different binned habitat types. Whilesigmificant (p> 0.05), pooled results of
individual turtles indicate there was a positive association of turtles for low sediment % fines, and
negative relationship for other sediment classes (
Manly selectivity measure
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Figure 17). When analyzed for depth preference, the association was positive for iddien sleep,
negative for depths 120 m, and roughly neutral for the other depths. Turtle utilizatiori b/ and
10i 15-m depths was significantly greater<®.05)when compared with use of i1%-m depths Figure

18).
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Figure 17: Manly selectivity for sediment type by % fines, pooled for all turtles (left) and individual
turtles (right)
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Figure 18: Manly selectivity for water depth, pooled for all turtles (left) and individual turtles (right)
4.3.3 Loggerhead Post-Nesting Migrations in 2018
4.3.3.1 Rate of Movement Averages by Behavioral State

Based on the evaluation of the 7,776 satellite locations, 77% of behavior of tracked loggerheads was
classified as exploratory (foraging), 22.5% as transiting (or migratory), and remaining 0.5% could not be
classified (based on move persiste). There were clear differences in loggerhead turtle swimming

speeds and depth preferences when animals were engaged in exploratory vs. migratory behaviors. Turtle
frequently exhibited exploratory behavior in shallow water (average depth, Bnanths was

characterized by slow swimming speeds and comparatively increased turning. Migratory behavior
typically involved higher speeds and more linear movement and was evident more often when turtles
were in deeper wateT éble 18). Only 5 out of thelOturtles exhibited exploratory behavior inside the
Canaveral study area, indicating foraging for only a subset of tagged turtles. In general, swimming speed
for the same behavior category was similar when turtles were inside and outside the study area.
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Table 18. Comparison of swim speeds inside and outside the study area

Behavior Location Meg(':n?r?re))ed M‘??[S[)De]gth
Exploratory Inside Study Area (n=5) 0.23 12(22)
Exploratory QOutside Study Area (n=10) 0.28 12(22)
Migratory Inside Study Area (n=9) 0.93 224(824)
Migratory QOutside Study Area (n=10) 1.38 224(824)

The overall behavior of loggerhead turtles was highly variable, astalthe 10 satellite tracked turtles
remained in or near the Canaveral study area for an extended (gtidd4ys) after they were tagged on

the nesting beach. In addition, turtleglely dispersed to different foraging grounds. Two turtles migrated
south into the Gulf of Mexico, two migrated southeast into the Bahamas, and others migrated north along
the US East Coast as far as Virginia before their satellite tags ceased tragghigtire 19, Figure 20).

Once turtles began migmag, very little exploratory behavior was detected until the animals reached what
was likely their primary foraging grounds.
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Figure 19. Post-nesting migrations of loggerhead turtles tagged in 2018
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4.3.4 |Inertial Measurement Unit Findings

Nine of thel0 deployed IMU tags were successfully recovered. Three of the four single burn wire IMU

tags released early and were recovered on the Canaveral beach while a fourth was never relocated. All six
IMUs attached with a double burn (corrosion) wire were recovaitbough three still released earlier

than the programmed 6.5 day planned deployment and one flooded with seawater.

4.3.4.1 Summary of Dive Statistics

Data fromeightrecovered IMU tags were available for analysis, although duration of available data were
highly variable Table 19). Three tags provided less than 10 hours of data, while 3 others collected for

over 100 hours. As a result, not all tags providegl u a | behavioral insight into
study area. There were notable differences in dive behavior between individuals with some tags reporting

an average dive depth of nearly 10 m while other tags logged average dive depth$tean dive

duration ranged from 101,207 s, surface intervals fromiZb1 s, total time submerged fromi 4%,

and dynamic bodgcceleration from 0.GD.06 g For turtles with IMU data in both a transiting and

migratory state, a shorter mean surface intemee observed when foraging, along with a greater

proportion of time submergeddble 19).

Basic dive parameters were not always indicativenafrgy use or VDBA value3 éble 19, Table 24).

For example, the IMU data for PTT 171979 corresponded to active migration from the study area, as this
turtle left the Canaveral study area within one day after tagging. Lower dive mean duration, low % time
submerged, and high VDBA were noted for this alirhow % time submerged and high VDBA was

also noted for PTT 176065, but this turtle had relative high values for dive mean duration and dive max
duration. Another turtle (PTT 171976) exhibited high dive mean duration, high % time submerged, but
low VDBA, while PTT 171973 exhibited low dive mean duration, high % time submerged, and high
VDBA. Individual turtles exhibited widely divergent dive patterRig(re 21), including some with

observed day (p 1,282 dives)/night (i 2,115) differences, but did not show statistically significant
patterns using a Wilcoxon signeaink matchegairs test Table 20). This may be due to individual
circumstances encountered by each turtle and may also be related to the small sample size.
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Table 19. IMU summary results for eight loggerhead turtles

IMU PTT | No.Depth | _ 129 | Mean | Max No I\I/?:a\;en Dive Max Mean £, e
Tag Identity Behavior Récor ds Duration | Depth Depth Divés Duration | Duration (s) Surface Submerged
(hrs) (m) (m) (s) Interval (s) (>2)

A* 171973 transiting 24,894 6.9 10.7 15.2 50 469 2,137 28 0.94

B 171976 transiting 35,698 9.9 4.5 10.7 63 162 680 141 0.65

B 171976 foraging 456,186 126.7 8.9 11.1 325 1,207 7,724 94 0.95
C* 171977 foraging 29,592 8.2 7.8 10.5 24 1,100 2,072 62 0.95

E 171979 transiting | 266,111 73.9 2.4 12.1 970 101 2,550 180 0.41
G* 176063 transiting 16,701 4.6 3.6 9.4 14 541 2,950 651 0.48

H 176064 transiting 140,727 39.1 4.8 11.7 291 324 5,993 149 0.65

H 176064 foraging 303,874 844 7.5 14.6 472 401 6,227 111 0.83

| 176065 transiting | 382,602 106.3 51 43.3 434 432 4,510 481 0.48

| 176065 foraging 38,915 10.8 53 20.5 44 295 2,195 178 0.60

J 176066 transiting | 248,990 83.0 29 18.1 710 147 5,209 206 0.42

*single-wire configuration released prematurely
VDBA = Vector of Dynamic Body Acceleration
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Figure 21. Diel dive behavior in loggerhead turtles

Boxplots represents (A) total dive time, (B) surface interval length, (C) maximum depth reached, and (D) mean
bottom depth for IMU tags A, B, C, E, G, H, | & J. Outliers were removed from each plot to allow better visualization
(A: No. outliers = 3 > 100 minutes; B: No. outliers =9 > 120 minutes; C: No. outliers = 26 > 20 m (IMU Tag | only); D:
No. outliers = 3 > 20 m (IMU Tag | only)).

Table 20. Comparison of paired dive parameters for IMU Tags A, B, C, E, G, H, |, & J (n = 8 pairs)
between day and night dives

Dive Parameter Day Night \Y veﬁ[;e Egggt n Significant
Mean Dive Time (minute) 5.62 6.49 13 0.93 0.07 8 No
Mean Surface Interval (minute) 3.36 341 7.5 0.16 0.52 8 No
Mean Maximum Depth (m) 4.47 4.59 23 0.55 0.25 8 No
Mean Bottom Depth (m) 3.94 4.00 22 0.64 0.20 8 No

By spatial review in ArcGIS, a portion of GHiSked dives (10 out of 15) in the study aweere

qualitativelyc at egor i z e d (@l mibrsJouhedstor Ghesterestsoal) fibea.cho di ves
Thoughwe precluced statistical analysis due to small samplze, there were notable differences in

activity occurring over shoals vs. near beaches based on IMU dive data linked within 100 s of a Fastloc

GPS position (IMU/GPS referenced dafaple 21). Dives over shoals were on average much deeper and

|l onger t han dives near beaches. Further mor e, t he
total water depth, while dives in shoal areas appeardchtistalways extend at or just above the

seafloor. Althouglspatialdata (e.g., the core use datdigure ) suggest that the Canaveral shoals do not
constitute core habitat for these turtles, based on IMU data, turtles diving on the shoals were executing
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longer dives indicative of feeding or bottom resting. Results need to be interpreted with ¢teutiever,

due to small sample sizes (n = 6 lf@ach and n = 4 for shoal).

Table 21. Shoal vs. beach dive behaviors for IMU GPS-linked data

Location Depth (m) Mean_ Dive M(_aan Maximum | Mean Ppst-Dive I_\lo.
Duration (s) | Dive Depth (m) Duration (s) Dives

Beach 107 15 277 6.5 165 3

Beach 5i 10 134 6.4 25 3

Shoal 10i 15 1,399 10.8 93 4

4.3.4.2 Dive Behavior by Sediment and Bathymetry

IMU tag data were examined for differences in dive behavior across varying sediment fine percentages
and water depth ranges. Analysis was limited to the MRS referenced data, ensuring that dive

locations was known with high confidence. Of the 57 confirmed IMU-@&#8d data dives, 15 dives

were inside the core study area and 17 dives had available percent sediment fifiexbtag?). Low

sample sizes preclude statistical analfsisvever, some patterns were evident. Over shallower water,
mean maximum dive depth fell within the bathymetry contour, férr@ and 510 m depth. However,

dive data for depths exceeding 10 m suggest that turtles did not routinely feed on or near the bottom. This
depth range above 10 m includes most of the CSII dredge site. Meatiyeoduration was also
substantially longein the shallowest water {6 m) than all other groups. Within the range of dive

duration for which a reasonable sample size exists, dive duration appears to increase with increasing
depth Table 23).

Table 22. Dive parameter data by available sediment (% fines) data

% Fine Mean Dive Mean Maximum Dive Mean Post-Dive No.
Sediment Duration (s) Depth (m) Duration (s) Dives
015 667 8.3 96 14
5i 10 1,124 6.1 65
101 15 359 10.6 84
Table 23 Dive parameter data by bathymetry contour depth (m)
Depth Mean Dive Duration Mean Maximum Dive Mean Post-Dive No.
(m) (s) Depth (m) Duration (s) Dives
4071 50 253 29 0 1
301 40 2,419 12.4 103 1
301 35 763 10.4 105 1
25i 30 1,014 8.4 142 3
15125 3,345 14.2 253 2
101 15 1,388 9.5 109 28
5110 402 57 140 11
0i 5 2 21 363 10

4.3.4.3 Dynamic Body Acceleration (DBA) and Comparative Energy Use by Behavioral
State (e.g., Foraging and Migratory)

No conspicuous relationship was discernable between overall turtle activity (as measured by ODBA and
VDBA) and timing of departure from the study area (i.e., immediately migrating from vs. remaining in
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the study areafable 19). However, SSM could be used to infer some relationship with regards to

specific activities. For example, the 94 SSM locations that were v@thaurs of thesame period as the

IMU dataset of seven animals showed significant differences between traveling versus foraging behavior
activity for both ODBA and VDBA (p = 0.01 for both comparisons, weightegttby PTT id.), with

turtles less active while exhibitiragforaging behavior. This was noted for each turtle for which both
exploratory/foraging and transiting behavior could be identifleble 24). Spatialy, ODBA and VDBA

appear to be higher inside the Canaveral study area than oFigiales (22), but this is likely because no
behavi or s c atagg orgiocresrittadesasarctigfeRS) behavior) were identified within the
Canaveral study area (of the 94 SSM locations). Foraging behavior corresponded to lower ODBA and
VDBA measurements overall.

Table 24. Activity level comparison between foraging (exploratory) and transiting (migratory)
loggerhead sea turtles tagged in 2018 based on IMU data

Behavior IMU ID PTT Tag OS";X”(Q) VDMBe:n(g)
transiting A 171973 0.08 0.06
transiting B 171976 0.10 0.07
foraging B 171976 0.02 0.01
foraging C 171977 0.06 0.04
transiting E 171979 0.10 0.07
transiting G 176063 0.05 0.04
transiting H 176064 0.05 0.04
foraging H 176064 0.04 0.03
transiting I 176065 0.08 0.06
foraging I 176065 0.11 0.07
transiting J 176066 0.06 0.05
transiting Pooled Pooled 0.08 0.06
foraging Pooled Pooled 0.03 0.02
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Figure 22. Spatial comparison of loggerhead turtle activity levels
ARS = area-restricted search or exploratory behavior. Travel = transiting or migratory behavior.
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435 Acoustic Tracking of Logger head,
Over the duration of the study, alDloggerhead turtles acoustically tagged in 2018 were detected within
the Canaveral Array. This brings tBeg/ear total to 24f 25 loggerhead turtles and all green turtles

with acoustic detections in the study area. Most activity was noted from receivers close to the shoreline
and some inteshoal acoustic receivers. Seven loggerheads were last acoustically detected in the
Canaveral Array between Juneiduly 29, 2018, while three others were last detected at stations in south
Florida (Sebastian Inlet and St. Lucie) JuiyL® 2018. Duration tracked or days at liberty ranged from 2
30 days, and residency index (No. days detketido. days at liberty) for Canaveral ranged from 0.37 to
0.88 with one loggerhead that registered 1,670 detections. Several marine turtles with acoustic
transmitters placed by other agencies have been detected tidtanaveral array since 20ir&luding
Kempdés ridley turtles originally released

Jensen Beach, Florid&agble 25).

Table 25. Target and non-target sea turtles detected by the Canaveral Array (20131 2020)
Non-target species are animals tagged for other research projects but detected locally.

Kempds Ridl

Animals Detected
. Tagging | Tagging Offshore Total
e Species || ;cation Agenciest | All | Shoal | Dredge | Control | ™o <"~ | Detections
Sites | Sites Sites Sites .
Sites
Loggerhead NUWC,
Target turtle Canaveral KSC 24 24 3 2 3 7,791
Target Green turtle | Canaveral NIL<J¥VCC, 10 10 1 1 0 5,753
. Loggerhead SCDNR,
Non-Target turtle SC, VA Vaq 4 4 1 1 1 891
Kemp's
Non-Target ridley turtle VA USN, Vaq 2 2 2 1 0 1,746
Non-Target | ClIVe ridiey FL IRG 1 1 0 0 0 64
turtle
Total 41 41 7 5 4 16,245

1SCDNR = South Carolina Dept. Natural Resources, USN = US Navy (VA), VAq = Virginia Aquarium, IRG = Inwater
Research Group

4.4 Discussion

The loggerhead nesting season along theceadtal coast of Florida had a relatively later start in 2017
(lafrate et al2019) While tags were not attached to nesting females untiDlaie turtles renested

anywhere from 0 to 2 times afterward which allowed a longer period to investigate their spatial use of the
Canaveral study area. In 2018, tags were deployed mudér éduine) to align with the early phases of

the nesting season. Overall, 2017 and 2018 were similar for loggerhead turtle nesting based on first nests

recorded and overall numbers reported from Merritt Island National Wildlife Refuge. However, very few
turtles renested after they were tagged in 2018 (2 out of 10 in 2018 vs. 9 out of 14 in 2017 or 20.0% vs.
64.3%). Early nesting of turtles has been attributed to apparent warming sea surface temperatures at
foraging grounds which may influence timing of maiion tonesting beachg®Veishampel et al. 2004;
Weishampel et al. 2010put this trend was not observedally.
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441 Core Use Areas and Occurrence on Shoals

As documented with otheéurtle studiesmovement behavior can be highly variable ampmgulations,
aggregations, as well as between coh@tkert et al. 2008; Barceld et al. 2013; Dodge et al. 2014;
Chimienti et al. 2020)While some spatial and temporal patterns were apparent among animals tagged in
2017 and 2018, variation was nevetdss evident, but likely biased due to low sample size. For example,
in both years loggerheads preferentially explored nearshore shaild® fbdepth) areas within the
Canaveral area. In 2018 they spent 10 days on average within the area before nuaihigigai@as north

and south of Canaveral. In several individuals, shoals were simply areas traversed dusegiimgr

periods, while other individuals explored shoal or shallow areas near the shoreline in behavior indicative
of foraging, food searchin or resting along the bottom. Some turtles stayed within the Canaveral area
one or more days beyond the time that they laid their last nest of the season. Other turtles moved out of
the area within hours of their last nest.

Size of core use areas wasasbimilar between the two study years, with a slightly higher average in

2018 than 2017. In 2017, neither the CSII dredge site or Chester Shoal control site was within any tagged
loggerhead core use area, and in 2018 the core use area of only one &mljgetleeoverlapped with

CSIll dredge site. Activity use areas were substantially larger than the core use estimates but showed a
similar pattern of association with coastal areas north of Canaveral and limited use of the CSII dredge
site. However, an affity for coarser grained sediments and Southeast Shoal was noted in both years. Tag
data supports the previous findinglafrate et al. (201%hat the shoal margins or flanks are potentially
important habitat for this species. The large shoal flankseitl0 mdepth range seen at Southeast

Shoal may be a determining factor for the increased occurrence in that habitat.

Some turtles remained in the area and did not exhibit definitive exploratory or foraging behavior. Using

depth and movement data fromtt ki ng and | oggers, a turtleds fnexpl
indicative of foraging, searching for food, or re
migration, waiting for an olfactory (hormoitiEiven) physiological signal tihahey are finished with

nesting and ready to migr&e T o d aypothesis hak nosbeen testethgering in or near the

nesting beach may indicate hesitancy to depart. More recently, others have suggested that local foraging

may be occurring offsherfrom the nesting beach or relatively close by and may be a selection based on
opportunity and not the best available foraging grogder et al. 2012)This raises an important point

for further exploration here and in other studies that use thérdatdMU or other data logger

instruments to identify behavior.

4.4.2 Post-Nesting and Foraging Grounds

Postnesting loggerhead migration pathways were similar between years with some turtles remaining
along the Atlantic coast of Florida, while othemgyrated into the Gulf of Mexico, thgahamas, and
north along the 8 East Coast (e.g., Georgia, Carolinas, and beyond).

The foraging grounds reached by loggerhead turtles tracked during this study, while diverse, are the same
areas previously identifiedylothers(Ceriani et al. 2012; Zanden et al. 2015; Evans et al. 2Qi9pne

hand, a geographically widetlispersed population is important for the health and diversity of the species
but on the other hand it creates complex challenges in sea tadieerg and conservation efforts

(Wallace et al. 2010Similar toother recent studig€eriani et al. 2012; Zanden et al. 2015; Evans et al.
2019) loggerhead turtles tracked in Florida dispersed into one of four main rediensestingMid-

Atlantic Bight, South Atlantic Bight, West Florida Shelf, or Great Bahama Raaking grounds.

(Evans et al. 2019Iso describedesc ondary f oraging grounds or distin
female loggerheads tracked frahe Archie Carr National Wildlife RefugfACNWR) in Melbourne

Beach, Florida. Turtles from this study that moved intoethstern Gulf of Mexicalso appeared to share

some of the same (or similar) secondary foraging areas.
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A relationship between the sinf adult female loggerhead turtles has been suggested as a possible
determinant of foraging ground destinatiénstable isotope study of approximately 300 loggerhead
turtles that nested at ACNWR indicate that larger turtles migrate to more distamdayeqund

destinations while smaller individuals chose closer regions to f¢€&eag@ni et al. 2015)The implication

and importance of dichotomous foraging destinations has also been discovered through tracking and
stable isotope analysssudies of bggerhead turtles in the Eastern and Northern Gulf of Médaard et

al. 2009; Hart et al. 2014MediterraneariZbinden et al. 2011 Africa (Eder et al. 2012)and Japan

(Hatase et al. 2002; Hatase et al. 20@6)ecent review of datasets fnomultiple loggerhead turtle

satellite tagging projec{®atel et al. 20219uggests that thermal states wrought by climate change will
force a northern shift in major foraging grounds, placing pressure on habitats already compromised by
anthropogenic ifluences. Suggestions for effective management of sensitive areas include mapping and
examination of benthic foraging grounds in planning for marine protected(&@a®t al. 2013)In

many cases, there is substantial evidence that these are keayrn® tidle conservatio(Hart et al. 2013;
Schofield et al. 2013; Stokes et al. 2046y, in most cases, support more than just sea t(i#gs et al.
2020)

It isimportant to note that these full migratory paths with classification of behastataloffer mapping

of other important foraging or resident areas along the Atlantic Coast that may be associated with sand
resources and shoal complexes of intereBQ&M (lafrate et al. 2019). This is particularly true for
loggerhead turtles that hadde-ranging posnesting migrations, with other areas of exploratory

behaviors on the Atlantic coalata are useful in facilitating management in beach restoration planning
that potentially involves the disturbance of and threat to sea turtles and their habitat, especially as it
concerns dredging of nearshore shoals.

443 Dive Behavior and IMU

The 2018 studyvas enhanced with dive data from IMU tags which were not used in 2017. A very limited
gualitative analysis of diving patterns by habitat type showed that over shoal habitats, turtle dives were
deeper and longer, and their maximum dive depths were indiaztthe bathymetry contour bottom

depth. However, along the beach dives were shorter and shallower, and not necessarily indicative of
bathymetry. This finding indicates that although the shoal habitats may not be preferred or highly
associated with loggkeads, they may be foraging opportunistically over these habitats to some extent.

IMU data showed statistically significant differences between the activity levels (in tebathd®DBA

and VDBA), swim speeds, and average depths between turtles engégedjing type behavier

relative to those migratingrata forturtles exhibiting migratory behavishowed faster swim speeds,
shallower dives, and much higher ODBA and VDBA values. These patterns held both within individual
turtles, and when pooled, @matched the output of the SSM analysis. The high variability in basic dive
parameters (e.g., length of dive vs. average depth of dive, length of dive vs. surface interval, average
depth of dive vs. maximum dive depth) was also not explained by whetthes remained in the

Canaveral area or migrated quickly out of the study. dredles that are transiting to foraging grounds

may be swimming with or against predominant currents. In many cases these animals may have shorter
dives coupled with longer dace intervals due to the amount of energy they are expending to reach their
foraging grounds. Overall, migrating turtles may travel shallower or deeper depending on environmental
conditions (storm activity, coldvater upwelling, overall water depth).

IMU tag data were successfully collected for 8 out of 10 turtles, with a range of retention time from
several hours to several dagne of the single release wire tags detached early and was not recovered
while another was recovered but was damaged by figodihis study determined that the doulviee

release system enhanced proper timing of tag releases. Future IMU tag studies could include targeted
release times earlier in the nesting season to capturenggéng habitat use and behavior. Additionally,
geospatial cross referencing of sediment type and bathymetry maps may prove useful to examine
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correlations between environmental parameters, and the relative infuebebavioral classification.
IMU tags should continue to be paired with sateliked GPS tags to allow dives and locations to be
linked to the environment with increased spatial fidelity.

4,44 Other Species of Marine Turtles

Unlike adult loggerhead and green turtles, tracking data from several nesting populations of leatherbacks
indicate thaadult female leatherbacks utilize similar migration patt€atmillinger et al. 2008)which

can be helpful when planning conservation efforts
on benthic invertebrate prégeney and Musick 200@nd may rely to some exteon shoals as foraging
areasAlthough considered rare in the region, subadult and adults of this species has been observed on
multiple occasions on the Canaveral Shoals, as supported by tagging and recap{Behoatal1995)

acoustic telemetry data from animals tagged by of{@&tschlag 1996 ogether with more recent
documented nesting activity of Kempébés ridleys on
pathways may be impacted by alterations to nearstabitat features.
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5 Passive Acoustic Monitoring and Soundscape of the Canaveral
Shoals

5.1 Introduction
5.1.1 Defining Ocean Soundscapes

The ocean soundscape is comprised of a diversity of sounds originating from natural physical processes,
living organismsand human activities, all of which span a wide range of frequencies and amplitudes
(Putland et al. 2017; Haver et al. 2018pst marine species that use sound do so as a means of

interacting with and interpreting their environment, includiegere and conspecifics. Acoustic cues are

used to facilitate biological and ecological processes such as breeding, maintaining group cohesion,
foraging, predatoprey interactions, navigation, and habitat seledi@ass and Ladich 2008; Parks et al.

2014; van Oosterom et al. 2016; Mullet et al. 2017; Cusano et al. 2020; Zapetis et alFZDPD)

particular are known to have a strong temporal aspect to reproductive and social acoustic behaviors, with
increased calling rates at different times ofrye@oon phases, and times of the Rytland et al. 2017)
Combined, these activities contribute to the acoustic diversity of a given marine environment with
animals creating and relying upon unique acoustic signatures that can be compared withiwestd be
habitats. These biotic sources combine with natural sound sources such-dewenadoise and waves,

as well as anthropogenic sources such as vessel noise, sonar, and dredging to create a generally complex
and dynamic marine soundscape. The stddgarine soundscapes is invaluable for understanding the
diversity of acoustic environments, and ultimately supporting importantteyrngassessment and
management of ecosystem health.

5.1.2 Importance of Recording Ambient and Biological Sounds

The study of saudscapes can yield valuable insights about the dynamics of a variety of coastal habitat
typesalong with the quality and function of habitatie audibility and behavioral responses of marine

fauna to acoustic inputs is reliant on many factors in additiohe acoustic characteristics of a received

signal, such as the physical environment (e.g., water depth, substrate type), existing ambient sound levels,
hearing ability of the animal, and behavioral context of the animal upon receiving the signal (e.qg.,

feeding, migrating, restingMichel et al. 2013)Better characterization of the soundscape through

acoustic monitoring can provide valuable information on where and when animals spawn, interspecies

acoustic partitioning in space and time, andtheevalwwo f di f f er ent types of facol
important to invertebrates, fish, and mammals.

Establishing baselines that documamtbient sound spectower time and among different areas

improves our understanding of the marine environment by liegdale presence of vocalizing animals,
anthropogenic activities, and illuminating the presence and ramifications of environmental changes
(Knowlton et al. 2016; Haver etal. 2018) For exampl e, acoustic monitorin
Reef hassown shifts in the soundscape following habitat degradation events with significantly reduced
acoustic complexity, richness, and rates of invertebrate $Hagbes et al. 2017; Gordon et al. 2018)
leading to the reduction in auditory settlement behavicoral reef fishesa severe threat to reef

recovery. Additionallyanimproved understanding of soundscape ecology can subsequently enhance our
understanding of how humans affect ecosyst@ijanowski et al. 2011)Years of acoustic monitoring
haveshown the rise of oceanic ambient levels since the industrial revo(ttildebrand 2009; Andrew

et al . 2011; ,aihfutheristidieeshoweasing reullifig Babitat degradation and
fragmentation(McQuinnet al. 2011; Merchant et al. 2014; Rice et al. 2014)

ThesoutheastertdS continental shelf is home to a multitude of soniferous species including marine
mammals (e.g., North Atlantic right whale, bottlenose dolphins), invertebrates (e.g., snappipy ahd
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a variety of fisheincluding the economically valuable grouper and jack fami#igeliant on the
acoustic environment. Howeveelatively fewacoustic studies have been conducted along the SE US
continental shelf, most covering short durasiaiue to the logistical difficulties of deploying, retrieving,
and maintaining acoustic equipment in often tempestuous open ocean envirpana:igshnological
limitations in the scientific sectoAdditional study imeeded to better understand the atiolecology of
native species and their potential responses to oceanographic and anthropogenic inputs. over time

Recent technological advances in passive acoustic recorders and unmanned vehicles have provided new
opportunities for stdying this diverse@systemUsing fixedstation passive acoustic recorders and

Wave Glider unmanned surface vessel deployments, this study provides the first opportunity to catalogue
different sources of oceanographic, biological, and anthropogenic sound inputs withiméveKal

region. Fixed stations ardeal forproviding longterm ambient averages; the deployment periods

creating structured dutyycled datasets that allow flamg-term trends (season, day vs. night) at single

points of interest or comparisons acroissigtte habitat type§hese stations supported various analyses
including the comparison of ambient sound levels during and after dredging, and trends in fish chorusing
by habitat, month, moon phase, and time of day.

In contrastglider-basedsurveys preide continuous datasets on a greater spatial scale than fixed stations

by providing themeango design mission paths within and across varying depth contours while collecting
environmental data concurrent with sound recordings. These deployments altboséy examination of

di fferent fAacoustic habitatsd in proximity to san
biological sounds not necessarily recorded on fixed inshore stations. These surveys supported multiple
analyses informing biologad soundscape trends and our understanding of relative ambient sound levels

for a variety of depths and sea states.

5.1.3 Anthropogenic Sound Sources: Dredge Noise

In the Canaveral region, sources of anthropogenic sound include boat traffic, seismic surveys, coastal
construction, military activities, and dredgirigailing suction hopper dredges (TSB&re a common
hydraulicdredge platform supporting coastal reatmn projects that requisand from the OCSISHDs

are often preferred because of the long distances between the borrow area and placement site. They can
travel at speeds of up to 14 knots when unloaded @hdriots slower when loaded. Underwater noise

from hydraulic hopper dredging comes from two main sources including from the vessel itself, as well as
the dredging equipment including the draghead moving over the seafloor and the noise from the
submerged pipework and pumps during loading operatiotisoddh there is significant variation in
measured sound levels from dredges, the maximum sound levels reported for large hopper dredges are
consistently greater than mechanical dredges, although both are lower than commercial shipping noise
(Reine et al. @14). Dredging noise is also partly dependent on substrate with sand having relatively lower
source levels than dredging of gravel subsisiehel et al. 2013)Underwater sound from vessels and
dredging equipmeritas the highest energy relativelylow frequencies, usually between 5 and 520

and up to approximately 150 dB re: 1 puPa at close rangmz 1962; NRC 2003; Hildebrand 2009;

Southall et al. 2017)Underwater sound from vessels is generallyfi@guency {ensto hundred®f Hz)

althoudh at closer range it can extend above 100 kHz at received levels above 100 dB re: 1 pPa
(Hermannsen et al. 2014)

5.1.4 Implications for Marine Species

While noise from vessels or dredging generally lacks the source level and duration to cause hearing loss
or mortalityin marine organisms, loud or persistent noise may invoke a behavioral response including
disruption of normal activities or potentially avoidance of an aviest fish and sea turtles have greatest
hearing sensitivities at lower frequenciegy(, less thal kHz). Therefore, thewre likely to detect vessel

or dredge nois# in the vicinity of the sourceThis noise can also mask vocalizations and other
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biologically important sounds (e.g., sounds of prey or predators) that marine orgastjsors Masking

can vary depending on the ambisntindlevel within the environment, the received level and frequency

of the vessel noise, the received level and frequency of the sound of biological,iatetdsthavior of

the animal including avoidanch the open ocean, ambiestundlevels are typically between about 60

and 80 dB rfrequehcyariel detween 1@ Hz and 10 kHz due to a combination of natural

(e.g., wind) and anthropogenic sour@gsick 1983) while coastalambientievels,especially around busy
ports, are | ouder an(@icecenah2084xceed 120 dB re 1 ¢Pa

Prior to this study, no longderm or focused soundscape monitoring baen conducted off Canaveral.
Fixedstation passive acoustic recorders and Wave Glidgianned surface vessel deployments provided

the first opportunity to catalogue different oceanographic, biological, and anthropogenic sound sources
contributing to the local soundscape. Fixed stations providet®yngambient averages, comparison of
noiselevels during and after dredging, and trends in fish chorusing by habitat, month, moon phase, and
time of day. The deployment periods of these stations create structured datasets that allow for analysis of
trends within the soundscape. In contrast, Wali@deGsurveys provide an opportunity to design mission
paths within and across depth contours, and the opportunity to collect environmental data concurrent with
sound recordings. These deployments al Isoow ifnor <cl o
proximity to sand shoals. Additionally, glider surveys provide continuous dateiiethie flexibility to

cover a variety of spatial scalJeéke opportunity to examine unique sources of biological sounds not
necessarily recorded on inshore statiamsl the relative ambient sound levels for a variety of depths and
sea states.

5.1.5 Objectives

The specific goals of this work were the following: 1) measure average ambient sound levels from fixed
passive acoustic recorder stations, and catalogue acousti@dpeoceanographic, biological, and
anthropogenic sounds; 2) summarize dredge nomserecorders in close proximity to tl@&Sll sand

borrow area and compatteese resultaiith previous work; 3) analyze fish chorusing from fixed stations

and correlatavith environmental variables such as month, time of day, and moon phase; 4) catalogue
vocalizations for common fish species and identify to the family level; and 5) examine acoustic data from
mobile WaveGlider recordingsand provide data fambient spectra for different environmental

condiions and biological soundscape.

5.2 Methods
5.2.1 Fixed-Station Acoustic Monitoring

Three fixed passivacoustic recording stations were established from February of 2018 through February
2020 to document ocean sasgapes at specific locations within the Canaveral Shoals, with various
deployment and recovery dates. This time period overlapped with dredge activity at CSll that occurred
from February 9, 2018hrough April 11, 2018, with an inactive period from Feloyu2?, 2018, through
February 28, 2018. These fixed stations included a site directly adjacent to the CSII dredge footprint
(station DRE1,11 m deep), a site 4 km west of CSII (station DRE2; 7 m deep that provides a comparison
directly adjacent but outsid# shoal habitat), and a site adjacent to the Chester Shoals control site
(station CON, 12 m deepigure 23). LS1 recorders (Loggerheaustruments, Incwere tethered 1m off

the bottom with concrete moorings and floats for a period B89® daysn mostly sand and shell

habitat, with limited documented hardbottderiods of actual recording were discontinuous with

recorder service intervals dictatedwgather and competing project taskstual battery life was over

100 days in several instancénetheless, there were several periods in which two or all three stations
were simultaneously recording, atise timesre the focus of the dredge noisd &sh chorusing

analysis presented below. The sensitivity of thesd recorders (inclusive of gain) 1468 dB re
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1Volt/ ePa, with a sampling rate of 44.1 kHz. The
approximately 50 Hz so the lower limitas considered 50 Hz for the low frequency band for the purposes
of comparativePower Spectral Density?GD levels.The recording duty cycle was programmed at either
15% or 30% (e.g., 3 minutes ON, 7 minutes OFF) torektee duration of recordings. Redings are

saved as .wav files for analysis.
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Figure 23. Locations of fixed-station passive acoustic recorders

5.2.2 Wave Glider Acoustic Monitoring

In July 2020 and JulyAugust 2021, the Wave Glider was deployed for tledicated mobile acoustic
soundscape surveys that were separgpeiipose and scope from animal tracking deploymeessribed
in Section 3For each survey, a 7 tow cable and towbodfLiquid Robotics, Incwas added to the

glider, asystemdesignedt vastly r-eduseot hbafisel I @lownaige,e s

thruster noise, mechanical noise, wave action on the #odttomplicates ambient sound recordings
(Figure 24). The towbody was integrated with a passive acoustic sensor (PAS) compatigiives|
multiple hydrophone array (Ultra Electronics UnderSea Sensor Systems, Inc.). The PAS has a sampling

rate of 12 kHz and an efid-erd sensitivityof-1 50 dB r e
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acoustic recorder (Loggerhead Instruments), with a sensitivity (inclusive ofgallgsaf B r e 1V ol
and sampling rate of 144 kHz was added to the towbody for redundancy, but its data was not utilized in
this soundscape analysis. The glider was also upgraded @RS8/aves wave height sensor (see

Section 3¥or recording wave spectral daand sea state (located on a mast on the glider float) to
accompany atmospheric daaoduced bythe weather station. The weather station and wave height
sensor produce physical and oceanographic variables that are important for characterizing the ambient
acousticenvironment in coastal waters. A full description of the Wave Glider design and capabilities is
found in Sectior8.

& A ﬁwm ‘ ' >
Figure 24. Wave Glider passive acoustic recorders

The primary PAS sensor was installed beneath the towbody with a smaller stand-alone Remora recorder located
forward and above the PAS.

84

t/ gl



In Acoustic Survey 1, the Wave Glider was deployed off Capev@aabon 20 July 2020 and retrieved
nn 28 Tiilv 2020 after traxreh R4R km (
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Figure 25). Water temperature and salinity at launch was unifaeross depths (0, 3, and 6 m) at 28.8°C
and 36.236.3 ppt. There were intermittent ethernet connectivity issitbshe glider towbodyhat could
not be resolved prior to deploymemhe dates oR3i 28 July were selected for detailed analysis, a period
that represents quality data from parallel transeetsAcousticdata from this date rangeere of very

high quality with limitedglider self-noise, andikely representative dheambient noisspectrumand
biological sounds for these offshore habitttthis time of year. For this survey, two fixed recording
stations (DRE1 and CON2 as showrFigure 25) were also deployed, and data archived
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Figure 25. Planned transects for dedicated Wave Glider acoustic surveys

Wave Glider Acoustic Survey\was completed iNovember 2021This survey provided a unique
comparison for the fall season with Acoustic Survey 1 that was completed in the summer.

5.2.3 Data Analysis

Several acoustic metrics were utilized for analysis of fisidion and Wave Glider acoustic data that are
considered stadard in the literatur@Merchant et al. 2015; URI Graduate School of Oceanography.2021)
These include the following:

Spectrogrant a graphiaepresentation of sound, plotted as frequency versus time showing the
intensity of different frequencies.

Power Spectral Density (PSD) spectrum of sound levels across frequency bands.
Sound Pressure LevélRoot Mean Square (SPERMS): sound level over a specified frequency

range presented as a single nunibeyot mean square is directly related to the intensithef t
sound
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One-Third Octave: sound level spectrum scaled by logarithmic frequency, presengflLsERMS.
The frequency of the upper end is double that of the lower end.

Long Term Spectral Average (LTSA) time series plot that displays how sound levels over
time at each frequency

Spectral Probability Density (SPD) shows the distribution of sound levels by display of
probability density for each frequency

Sound Exposure Level (SEL)summation over pressure over the duration, cumulative measure of
energy.

5.2.3.1 Fixed-Station Sound Assessments: Ambient Ocean Sound

Ambient noisespectrumanalyses (baseline spectrum that includes biological and anthropogenic noise)
were focused on four days in June 2018 (Jufid3.4nd June 223; Table 26) when all three fixed

station acoustic monitors were actively recording. This allowed for simultaneous evaluation of average
ambient noise levels for sea states 01756 m at the CSll dredge site, just outside CSIlI, and the control
site on Chester Shoal. During this deployment period, DRE2 station was programmed at a lower duty
cycle (15%) to extend deployment life, but for unknown reasons stopped recording 13 days after
deployment on June 11, 2018. Plots of PSD were generated in MATLAB for these time periods and are
presented as SPRMS. Data were timaveraged in 6@ windows at a frequency resolution of 1 Hz with

a Hanning window and 50% overlap. These were also thraging, frequency resolution, and window
selection parameters used for all subsequent acoustic analyses unless otherwise noted. For analysis of
relative SPL for different frequency bands from ambient recordings, low frequency was consiggfed <
Hz, midfrequency was 25@,500 Hz, and 2,500 Hz was the highest frequency band, with the upper

limit dependent upon recorder sampling rate. These frequency bands represent a minor variation of those
presented ifPutland et al. 2017pr soundscape analysis.

Table 26. Date, sea state, and schedules for acoustic data used for concurrent analysis

Date Sea State (m)

6/14/2018 0.80

6/15/2018 1.16

6/22/2018 0.84

6/23/2018 0.75

Station Recording Duty Cycle
DRE1 3 min ON; 7 min OFF
DRE2 1.5 min ON; 8.5 min OFF
CON 3 min ON; 7 min OFF

5.2.3.2 Fixed-Station Sound Assessments: Dredge Noise

In February and May 2018, concurrent acoustic data from recorders at DRE1 and DRE2 were also used to
examine the change in ambient sound averages (that include dredge noise) during dredging, post
dredging, an® months postredging. The dredge vessel whasLiberty Island a 99m long by 18m

wide suction hopper dredge built in 2001 with a gross tonnage of 5,201 tons. During this deployment
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period, these passive acoustic stations were on a 30% duty cycle, recordingitiuteeaudio files every

10 minutes. For all time periods, 1/8ctave plots were generated for each station. RMS level for 1/3
octave bands represents the mean of the squared sound pressure, averageslintevals.

Additionally, during the dredge period at DRE1, LT,%Ad SPD plots ere generated overday

intervals. SPD plots show the distribution of noise levels during dredging at a finer resolution. Finally,
PSD figures were also generated for the DREL1 site for a representative ddsedgst period and for 3
months post (RMS, 8B, 5th, 95th Percentile). Broadband measurement data are also presented during
dredging for RMS level, median SPL, Mode SPL, and SEL.

5.2.3.3 Fixed-Station Sound Assessments: Biological Soundscapes

To quantify fish chorusing dynamics on and near the CanaveralsSfaur days of audio files were

reviewed each month from all three fixethtion recorders from Februayugust 2018. Empdisis was

on recordingsaken 2hours before t@& hours after sunsey capture timgeriodslikely to coincide with

peak chorusing@ctivity in the southeast USonczak et al. 2017)To further analyze biological trends in

the soundscape across months and stations, days were selected to represent distinct moon,phases (i.e.
new moon, 1st quarter, full moon, third quartegrausei$h spawning, and thus chorusing, has been

shown to be linked to lunar cycles/tides in many regigwslio files from these days were 3 minutes (out

of every 10), and for any given day approximatelyBg@inute files were manually reviewed and scored

in Adobe Audition.

Each wav file was analyzed and marked with a value for chorusing intensity based on the following scale
(a modification of a scoring system presente(Monczak et al. 2017)0 = no calls, 1 = individual calls,

2 = overlapping calls, 3 chorusingof 1 or 2 species, 4 = chorusing 3 or more species. Fish choruses
detected at great distandes., at obvious lower sound levels and were not clearly identifiable in the
recording)were not scored. Data are presented for all stations by monghof day, moon phase, and for
different combinations of these variables.

In addition toscoringfish chorusing intensity, PSplotswere generated for one representative dataset
(i.e., one day) for &core 3 andscore 4 fromCON in June and July, resptively, and for &core 3 from
DRELin July. These figures provide the SRIMS at different frequencies for the peridtiours before
up until8 hours after sunset.

Finally, asubsample of audio files (n = 19) was manually reviewed for mammal vocalizatsing

Raven Lite Sound Analysis Software (version 2.0.1). Groups or bouts of vocalizations were selected in
Raven to determine generalized frequency ranges, and these manually generated selection boxes
represented the sample size for the followinglteslihe selection boxes varied in duration but
encompassed the overall minimum and maximum frequencies heard during ttabwple

spectrograms fothe most common fislgallsand distinguishable marine mammal vocalizatiares
presentedn Appendix C.

5.2.3.4 Wave Glider Sound Assessments: Ambient Noise and Biological Soundscapes

Data summaries for Wave Glider Acoustic Say\ (July 2020) include average ambient ocean sound
levels by survey transect, water depth, sea state, and wind speed. Additionally, LTSAs were plotted to
reveal trends in fish chorusing on the east Florida shelf. The data show the temporal naturiegod tim
distinct fish choruses in proximity to Canaveral Shoals and the CSII dredge site.

88



5.3 Results
5.3.1 Fixed-Station Ambient Sound Assessment

Representative examples of PSD for the three fixed passive acoustic recording stations from June 2018
are shown irFigure 26. These consist of separatel@y comparisons representing different sea states
when all three stations were recording simultaneously during this month. The sensitivity for the LS1
recorder is uncertain below approximately 50 Hz so the lower limit was considered 50 Hz for the low
frequency band for the purposes of comparative PSD levels.

Sea states were on average 1 m during June 14 and 15 (period 1). PSD levels were similar for the three
sites during this period, averaging between®80 d B f/Hz. Alspike iR BSD levels to alma@$ dB

r e P/Hzefde the 250800 Hz band was observed and associated with increased fish chorusing.
Harmonics associated with higher band fish chorusir@0(®>Hz) were observed in the rest of themid
frequency band up to 2,500 Hz. PSD levels were ldonvapper frequency band, averaging betweén 60

70 dB #Hz. RMS levelsiof broadband soundi(32,050 Hz) ranged from 1122 dB re 1

ePal Hz.

Sea states during the second period June 22 and 23, 2018, (period 2) averaged 0.8 m. Averages for the

low frequency band were similar to the first period in June, with vessel noise a major contributor of noise

at these frequencies. PSD levels for fnédjuencies 250,000 Hz were observed to be much lower than

the first period, with averages™®5 d B f/Hz. PSD levElsawere also lower for almost all
freqguencies at the CON station during tHRidzae dates
frequencies greater than 1,500 Hz. RMS levels of broadband sour&? (380 Hz) ranged from 10915

dBre 1 %Hz.Rreboth periods, ship noise in the low and tvagids documented include those from

larger vessels such as cruise ships, and those more transitory sounds from recreational and fishing boats.
The CON station is located further north from thetBeen DRE1 or DRE2, and subject to less regular
recreational boat traffic.
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Figure 26. Comparative PSD for separate 2-day ambient periods at fixed stations on June 14i 15
(left) and June 227 23, 2018 (right)
5.3.2 Wave Glider Ambient Sound Assessment

Significant wave height during the entire July 2020 survey averaged 1.4 + 0.26 m (SD), while average
wind speed wa9.6 + 2.5 knotsKigure 27, Table 27). Comparately, significant wave height for the

survey December 31, 2021, to January 5, 2022, was more variable by transect, ranging from 0.7 £ 0.3 m
to 2.0 £ 0.2 m as the survey progressed. Wind speed in January 2022 also reached a maximum of 16.7 +
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2.1 knots fotthe final transect 4. Analysis of ambient sound levels by transect provides for a comparison
for different depths, distance from shore, and for different habitats under similar oceanographic
conditions. Transects 1 and 2 cover the outer edges of Cananvér@hester Shoal and run parallel to
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both Hetzel and Ohio Shoal (s ==

Figure 25). The average depth for these transects is shallowi 2220m, and cdain shallower areas
less than 1213 m. These transects provide a baseline recording of ambient levels at approxirdate 20
m average depth in fairly high sea states averaging 1.6 m and average wind speé&@siokriiogs.
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Figure 27. Significant wave height (blue) and wind speed (red) during Wave Glider Acoustic
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Table 27. Wave Glider survey conditions July 201 27, 2020, December 31, 20217 January 5, 2022
Values for wave height and wind speed represent mean (SD). Depth values approximated from bathymetry data.

Transect | Direction of | Duration Min HEN bl uliEE Wind
Date No Travel (hrs) Depth Depth Depth Height Speed
' (m) (m) (m) (m) (kts)

Jul 2020 1 N 14.8 12 24 20 1.6(0.2) | 9.4(2.5)
Jul 2020 2 S 36.7 13 26 23 1.4(0.2) | 9.2(1.3)
Jul 2020 3 N 26.2 20 29 25 1.3(0.2) | 8.4(24)
Jul 2020 4 S 24.8 21 32 27 1.2(0.2) | 9.0(3.3)
Dec 31/
o0 1 N 21.0 12 24 20 0.7(0.3) | 7.0(2.4)
Dec 31/
Jan 2022 2 S 48.4 13 26 23 1.4 (0.3) | 15.0 (4.8)
Dec 31/
Jan 2022 3 N 24.5 20 29 25 1.7(0.2) | 16.7 (2.1)
Dec 31/
Jan 2022 4 S 16.2 21 32 27 2.0(0.2) | 8.4 (45)

Glider Survey July 2020

For July 2020, soundscape and average sound levplralel transectiid are presented through LTSA

plots Figure 28) and comparative SPFigure 29) for frequencies 10@50 Hz (low), 2502,500 Hz
(mid), and 2,5006,000 Hz (high). These results were for continuous-ghawg-cycled) recordigs from

the PAS. For transect 1, noise in low frequency bands that included ship noise had a media@rvBSD 68
r e?/Hz, with R spike at approximately 110 Hz. Quieter median PSD levels for middle

dB

frequencies at 60 0

dB

f/Hz wdre obskraed, thibugh with a large range in the SPD up to 50 dB.
Harmonics from fish chorusing are clearly visible for this4finejuency band (RMS average 85 dB re 1

e P°ltdz). There were also harmonics from boat/vessel noise visible for botfiegitency and upper

frequency bands. For transect 2, a large range in SPD up to 50 dB was observed for low frequency band
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< 250 Hz. Also, higher peak PSD values are apparent in théregjdency band 23@800 Hz Aside from
these differences, median PSD levels were similar teecril across the acoustic spectrum, although
increased vessel noise could be seen in the LTSA comparative plots. Distribution of the SPD showed
highest density of data points representative of the median (50%) PSD.

Transects 3 and 4 covered greater aved®pths (25126.9 m), wave heights (1.2.3 m), and wind

speeds (8i0.0 kts). Under these conditions, quieter levels for median PSD were observed at
approxi mat el ¥Hz6blowdrBequeacied, 56¢5P ad B f/Hz forlmiddrdé?jaencies, and

55 d B r?elz fdr high® &requencies with a spike in PSD levels at 5 kHz. Overall, the range in SPD
was smaller than transects 5 and 6 ranging froird@@B, showing less variability. Harmonics from fish
chorusing are also clearly visible for this Affdquency band, and harmonics from boat/vessel noise are
also noted in both miftequency and uppdrequency bands. Distribution of the SPD showed highest
density of data points representative of the median (50%) PSD.
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Figure 28. LTSA plots for Wave Glider transects in July 2020
Transect 1 (upper left), Transect 2 (upper right), Transect 3 (lower left), Transect 4 (lower right)
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Figure 29. RMS averages and percentiles of the PSD and SPD for Wave Glider transects July 2020

Transect no. 1 (upper left), 2 (upper right), 3 (lower left), and 4 (lower right). Averaging windows are 60 s with
exceptions of transect 1 at 45 s.

To evaluate ambient noise levels during day hours versus night hours in the sumarenlleieted on the
Wave Glider for two specific-r periods during transect 6 were compared (06000 and 2200200;

Figure 30 andFigure 31, respectively). There was a median broadband SPL of 104 dB re 1 pPa (100
6,000 Hz) during daytime hours. The highest sound levels in the daytime recording semedlon the

100/ 300 Hz frequency band. There was a median broadband SPL of 129 dB re 1 pPa during night hours
(2200'0200). For these recordings, the high intensity chorusing of the Atlantic midshiparachthys
plectrodor) was persistent and lowaditer midnight. As a result, distinct differences could be seen in the
1/3-octave band levels and amplitude over time as compared with daytime, with highest sound levels
closer to the 750L,200 Hz frequency band. Peak levels in amplitude over time for magins were

observed around midnight.
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Figure 30. Comparative PSD (SPL-RMS) for a 4-hour Wave Glider daytime recording

Data collected 24 July 2020, 06007 1000. Lines represents the 5th, 50th, and 95th percentiles
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Figure 31. Comparative PSD for a 4-hour Wave Glider nighttime recording (2200 24 Julyi 0200 25
July 2020)

Data represent the 5%, 50th, and 95th percentiles

Glider Survey December 2021January 2022

For December 2021 / January 2022, souaple@nd average sound levels by parallel tran$dcare
presented through LTSA plotBigure 32) and comparative SPFigure 33) for frequencies 10@50 Hz
(low), 250 2,500 Hz (mid), ad 2,5006,000 Hz (high). As with July 2020, these results were for
continuous (nofduty-cycled) recordings from the PAS.

For transect 1, noise in low frequency bands that included ship noise had a median PSD 70 dB re 1

e P°ldz, with quieter median PSDuels for middle frequencies above 800 Hz, with a minimum of 60 dB
r e P/Hz There was also a smaller range in SPD in this band as compared with July 2020, differing
by up to 25dB. This is largely the result of lower levels of fish chorusing duringeximonths, although
there vereconsistent overlapping fish calls documented during early morning hours, up to 2,800 Hz.
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There were also harmonics in the spectrum from boat/vessel noise visible fivequiency and upper
frequency bands, with high intetysship noise occurring around 0600 on 1 January 2022. For transect 2,
there was a larger range in SPD, up to 40 dB was observed for low frequency2i#hHz Also,

higher peak PSD values associated with fish chorusing were observed in-tnequahcyband 250800

Hz. As with July 2020, the median PSD levels were similar to transect 1 across the acoustic spectrum,
although in the longer transect 2 there was increased vessel noise that overlapped time of fish chorusing
during evening hours, as seenlie LTSA comparative plots.

Transect 3 covered time periods with highest average wind speed (16.7 knots), \witivaveés. There

was limited ship noise during this transect, but there was high intensity fish chorusing observed in the

4001 800 Hz band, andlso overlapping fish calls into the early morning hours. There was a high range of

SPD (variability) observed formidr e quenci es, with peak?Hzeorel s reach
transect 4, wind speeds decreased to an average of 8.4 knots, but igaveéie 2.0 m. There was

increased ship noise as compared with transect 3, particularly at the beginning of the time series, as seen

by harmonics at the | ower fr equ éldzcFisedorusinggwas RMS av
again recorded aroundrsset, with peak frequencies 3@00 Hz. Overall, range of SPD was lower than

transect 3 for midrequencies, but greater for upper frequencies where increased vessel noise was

apparent.
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Figure 32. LTSA plots for Wave Glider transects in December 20217 January 2022
Transect no. 1 (upper left), 2 (upper right), 3 (lower left), and 4 (lower right)
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Figure 33. RMS averages and percentiles of the PSD and SPD for Wave Glider transects during

July 2020

Transect no.1 (upper left), 2 (upper right), 3 (lower left), and 4 (lower right). Averaging windows are 60 s with

exceptions of transect 4 at 45 s.

5.3.3 Dredge Noise

5.3.3.1 Sound Levels at Dredge Site vs. Nearby Reference Site

Analysis of sound levels during dredging by hopper dredglgerty Islandis presented for the Station
DREL1 recorder adjacent to the CSIl dredge area withirRadh range of dredge activity (depending on
dredge location), and also for DREZ2 recorder thhtdated to the south and west of the dredge footprint
at a distance of approximately B%5 km. Results from 3/octave analysis (SRRMS) are presented for
both stations and three separate consecutive days within the frequency bandwiditO@fEDHz

(Figure 34).

For the DREL1 site, peak3bctave SPLs of over 120 dB re 1 uPa were recorded in lower frequency

bands 50250 Hz, consistent witlarger vessel noise. A peak of 115 dB re 1 pPa at 800 Hz was measured
at this station. Greater than 1,000 Hz, averagediaive SPLs averaged less than 110 dB re 1 pyPa. For

the DRE?2 station, average3idctave SPLs were noticeably quieter (i.e., 10 dBphan100 250 Hz range,
peaking at 110 dB re 1 pPa. There were also two distinct peaks noted at 800 Hz (110 dB re 1 pPa) and at
2,000 Hz (108 dB re 1 pPa). The peak at 800 Hz is a peak harmonic for individual fish calls this time of
year and also a discrez@ergy band associated with smaller vessel noise. The higher peak at 2,000 Hz
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appeared to be the result of mechanical noise in the recorder mooring. At frequencies higher than mid
band (i.e., higher than 2,500 Hz), averagedidiave levels were less thA00 dB for the DRE2 station.
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Figure 34. Analysis of 1/3-octave band levels over 3 days of dredging at Station DRE1 (left) and
DRE2 (right)

LTSA plots and SPD levels f@consecutive days of dredging are showhigure 35. Note that these

are from dutycycled recordings 3 minutes on and 7 minutes off, and these figures only represent data for
the time recording waactive. Clear trends in dredge proximity can be seen in the LTSA plot, with

vertical bars representing areas of higher intensity when the vessel was closer to the recorder during
dredging, and other areas in the plot representing quieter times (above)30ben the vessel was off

site. Additionally, persistent vessel noise can be noted throughout the duration below 300 Hz, even as the
dredge was likely at much further distance from the station. PSD levels peaked from 80 Hz to 200 Hz to
over 120 &Bdue vesselnoisePand this frequency band also contained the largest range for
SPD at over 60 dB, showing greater variability in noise intensity. Secondary harmonics are visible from
3001 1,000 Hz in the PSD data associated with fish vocalizatiodsidimg a large spike in median PSD

level to over 90 dB at 800 Hz. Other harmonics from smaller boat vessels are observed in PSD percentiles
at frequencies higher than 1,000 Hz, as the range of SPD is lesser at approximately 40 dB. Overall,
distribution ofthe SPD showed highest probability density values representative of tHeRNS®I(mean)

PSD.

Broadband noise levels across the spectruml®000 Hz) are presentedTable 28. On average, RMS
levels for the DREL1 site weré 8 dB greater than the DREZ2 site. Higher median and mode SPL were
observed at DRE2 during Day 2, but comparisonsedf $how higher levels of sound intensity over time

for the site clser to the dredge footprint. These RMS levels of broadband cumulative sound are up to 20
d B r e? lbuder tham those observed in the ambient sound data from passive recording stations
presented earlier.
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Figure 35. LTSA plot (left), RMS averages and percentiles of the PSD and SPD (right) during 3
consecutive days of dredging
Table 28. Three days of dredging comparison
The distance from the source (dredge) to the recording stations and also the operating parameters of the dredge
were variable during this time. On average, the distance for DRE1 was 1,0007 2,000 m, and DRE2 was 3,5001
5,500 m.
Site Sample RMS Level Median SPL Mode SPL SEL
DRE1 Day 1 129 112 136 174
DRE1 Day 2 127 113 112 171
DRE1 Day 3 125 117 117 169
DRE2 Day 1 121 110 109 166
DRE2 Day 2 123 121 121 167
DRE2 Day 3 120 115 114 164
NOTE: RMS Level, Median SPL, Mode SPL Units: dB re

5.3.3.2 Baseline Ambient Sound Levels for Both Sites Immediately Post-Dredging and 3-
Months Post Dredge (3-day Comparisons)

Results from 13-octave analysis (SRRMS) are presented for both DRE1 and DRE23foonsecutive

days during the posiredge period ifrigure 36. For both sitesaverage B-octave levels of both stations
were quieter in the low frequency band 1280 Hz as compared with dredge periods, with levels
peaking at just over 100 dB re 1 e€Pa. For the
mid-frequencyband at corresponding to a peak of 115 dB re 1 pPa &860MHz. This was consistent

with regular fish vocalizations this time of year, and also overlap with a discrete energy band of smaller
vessel engine noise (mostly during daytime hours). This rismnehand fishing vessel noise was
observed regularly in recordings both during and after dredging. In the-mygbband (1,0002,500 Hz)

and frequencies greater than 2,500 H2;dbtave SPLs averaged betweefi 800 dB re 1 pPa (SRL

RMS) for both statins. Comparative PSD levels in the 200 Hz frequency band during the pdstdge
period were almost 2@5 dB quieter than during the dredge period, averagin§8B re 1 pP4Hz

(Figure 37).
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Figure 36. Results of 1/3-octave analysis over 3 separate days during the post-dredge period for
DRE1 station (left) and DREZ2 station (right)

Figure 37. Comparative PSD levels for one representative day at the DRE1 station during the post-
dredge period (left) and 3-months post dredge (right)

Data represent SPL-RMS, 5%, 50%, 95%.

Results from 13-octave analysis (SRRMS) are preented for both DRE1 and DREZ2 f&consecutive
days occurrin@ months after the dredge periodrigure 38. For both sites, average3idctave levels

for both stations were quieter in the low frequency band 28®Hz as compared with dredge periods,
with average | evels peaking at just over 100
DREZ2. In both stations, there was also a large spikerved in the miffequency band corresponding to
a peak of almost 118 dB re 1 pyPa atis®llD Hz, mostly due to intense fish chorusing in spring months,
that was not seen earlier in the year during and immediately after dredging. Also, these frequencies
overlap with discrete energy bands associated with smaller vessel engine noise. In tha@dipaad
(1,000 2,500 Hz) and frequencies greater than 2,500 Hz, averagethie SPLs were mostly between
95i 100 dB re 1 pPa for both stations. As with the mystdge period, comparative PSD levels in thie 50
200 Hz frequency ban®@imonths postiredge were almost PR5 dB quieter than during the dredge
period, averaging 185 dB re 1 uP#Hz (Figure 38).
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