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Executive Summary

The oceanic manta ray (Mobula birostris), along with a newly described Atlantic manta ray (M.
yarae), face numerous threats along the U.S. Atlantic Coast and are currently listed as
threatened species under the U.S. Endangered Species Act. Despite this protection, critical
knowledge gaps remain regarding their habitat use, seasonal movements, and exposure to
human stressors, hindering the development of effective conservation strategies. This study
used electronic tagging to investigate the spatial ecology and environmental associations of
manta rays in east Florida with particular focus on the Cape Canaveral region, an area where
mantas are potentially exposed to human activities resulting from offshore sand dredging,
military operations, and frequent rocket launches.

From November 2023 through September 2024, 25 manta rays were tagged with a combination
of acoustic telemetry (n = 20) and pop-off satellite archival tags (n = 5). Data from five additional
manta rays acoustically tagged during an earlier Georgia Aquarium pilot study were also
included, resulting in a total of 30 individuals tagged. Local movements were tracked by 31
acoustic receivers deployed on and adjacent to sand shoals offshore Cape Canaveral (the
Canaveral Array), while broader coastal migrations were monitored through the collaborative
FACT (formerly the Florida Atlantic Coast Telemetry Network) and Atlantic Cooperative
Telemetry (ACT) regional telemetry networks. Acoustically tagged mantas were followed for an
average of 234 days (range 1-594 days), with several individuals still active at the end of the
monitoring period. Manta rays were present year-round at Cape Canaveral, with multiple
individuals detected every month. Some mantas appeared to remain resident along the Florida
east coast while others undertook long-distance migrations, traveling as far north as Maryland
in spring before returning south in fall. None of the satellite tags transmitted successfully,
limiting insight into movements farther offshore.

Environmental associations were evaluated by pairing detection locations with satellite-based
sea surface temperature (SST) readings plus temperature and depth measurements from
acoustic tags equipped with embedded sensors. Tagged manta rays were detected at SSTs
ranging from 17.5 to 30.7 °C, with the coldest exposures occurring along the Florida Atlantic
Coast in winter. While mean SST and sensor-derived temperatures were generally in agreement,
sensor data revealed periodic use of much cooler subsurface waters in summer, with recorded
temperatures as low as 10.1 °C, over 15 °C below concurrent SST estimates. Vertically, manta
rays used the entire water column but appeared slightly bottom-oriented. Multiple instances of
courtship behavior and one probable mating event, possibly the first documented in east
Florida, were observed during tagging operations at Cape Canaveral.

Tissue samples from 20 tagged individuals were analyzed using both nuclear and mitochondrial
genetic markers, revealing an even split between M. birostris (n = 10) and M. yarae (n = 10). The
two species were observed to co-occur at the same locations on the same dates, and both
undertook extensive seasonal migrations along the U.S. East Coast. This finding was unexpected



and suggests greater genetic diversity in the region’s manta population than previously
recognized, although results are based on a small sample size from a single location and should
be interpreted cautiously. More comprehensive genetic sampling is needed to confirm the
spatial extent and ecological significance of this overlap.

Collectively, these findings provide information directly relevant to manta ray conservation by
defining the seasonal presence, regional movements, and habitat use in areas that overlap with
future dredging, military training, and rocket launch activities at Cape Canaveral. Results may
also help assess interaction risk with vessel traffic and commercial fisheries, improve visibility
correction factors for ongoing aerial population surveys, and advance an understanding of
habitat needs on a regional scale.

Vi



1 Introduction

1.1 Manta Ray Global Overview

Manta rays (family Mobulidae) are the largest of all ray species and are globally but patchily
distributed across tropical and warm temperate oceans. Recent taxonomic revisions have
separated the manta ray into at least two species, including the oceanic manta (Mobula
birostris) and reef manta (Mobula alfredi; Kashiwagi et al., 2012; Marshall et al., 2009). Both
species are highly charismatic, displaying complex behaviors and social structures, but
knowledge of their life history, behavior, and population status remains limited (Miller &
Klimovich, 2017). In addition to their important ecological role as ocean grazers, manta rays are
of economic value to fisheries and increasingly to eco-tourism in many regions.

Despite their importance, manta populations are declining globally due to unsustainable harvest
for both their meat and their gill plates (which are coveted in traditional Chinese medicine
markets), and as bycatch in other fisheries (Lawson et al., 2017; O’Malley et al., 2017). Other
risks to manta rays include vessel strikes (McGregor et al., 2019), entanglement (Pate &
Marshall, 2020), plastic ingestion (Germanov et al., 2019), contaminants (Ooi et al., 2015), and
unregulated tourism (O’Malley et al., 2013). Rising ocean temperatures, and related shifts in
ocean currents and primary production, may also be influencing manta distribution and
behavior (Osgood et al., 2021), but these risks are poorly understood. These threats are
exacerbated by the fragmented nature of manta populations and by conservative life history
traits including slow growth, late maturity (8—15 years), and extremely low fecundity—
potentially only a single pup every 1-5 years (Hosegood et al., 2020; Miller & Klimovich, 2017).
These characteristics leave them more susceptible to population crashes and local extinctions
than almost any other elasmobranch (Dulvy et al., 2014).

1.2 Manta Ray Status in the U.S. Atlantic

Until recently, morphological data confirmed only the oceanic manta ray (Mobula birostris) in
the waters of the Americas (Marshall et al., 2009). However, manta taxonomy was further
revised in July 2025 with the formal description of a long-suspected third species, the Atlantic
manta ray (Mobula yarae, Bucair et al., 2025). Previously referred to as Mobula cf. birostris, the
Atlantic manta appears restricted to the U.S. East Coast, Gulf of Mexico, and Caribbean Sea, and
co-occurs with M. birostris in some locations (Hinojosa-Alvarez et al., 2016; Hosegood et al.,
2020; Marshall et al., 2009). Although similar in overall appearance, M. yarae is genetically



distinct and appears to exhibit subtle differences in coloration and morphology that may reflect
unique ecological adaptations.

Manta rays in U.S. waters are not targeted in fisheries but otherwise face similar anthropogenic
threats, including bycatch, ship strikes, and entanglement (Carlson, 2020; Pate & Marshall,
2020; Trent et al., 1997). Along the southeast U.S. coast, manta rays also regularly interact with
recreational anglers targeting cobia (Rachycentron canadum), a coveted sportfish that often
closely associates with mantas (Braun et al., 2024), and are incidentally captured during sea
turtle ‘relocation’ trawling, a mitigation measure used to reduce sea turtle mortality before and
during some dredging projects (NMFS 2020). Due to these risks, both domestically and
internationally, the manta ray (as M. birostris) was classified as threatened under the U.S.
Endangered Species Act (ESA) in 2018.

1.3 Manta Ray Life History and Research in the U.S. Atlantic

Increased manta ray protection has accelerated research interest in U.S. waters. In an analysis of
aerial survey and citizen science data, Farmer et al. (2022) concluded that mantas along the U.S.
East Coast (inclusive of Mobula birostris and M. yarae) are most common in productive
nearshore waters and shelf-edge upwelling zones at temperatures of 15-32 °C, with the
population expanding northward from Florida and Georgia toward the U.S. mid-Atlantic
between May and October as waters warm. Nonetheless, other aerial and boat-based surveys
(e.g., Kajiura et al., 2024; Pate & Marshall, 2020) confirm that at least some manta rays are
present along the southeast Florida coast year-round. Although pupping locations are unknown,
on-water observations also suggest that both southeast Florida and the Flower Gardens Banks
offshore Texas serve as nursery areas for mantas (Childs, 2001; Pate & Marshall, 2020; Stewart
et al., 2018), and Pate (2024) recently provided the first description of manta courtship and
feeding behavior in east Florida. Despite these contributions, the tendency of manta rays to
periodically move far from shore, the lack of predictable aggregation sites, and the generally
turbid nearshore water along much of the U.S. southeast coast has complicated efforts to
document manta ray habitat associations and migrations through direct observation.

1.4 Manta Ray Tagging Review

Electronic tagging studies, primarily using acoustic and satellite transmitters, are now revealing
manta ray movements and behavior (particularly diving) at multiple locations around the world.
Tagging of both reef and oceanic manta rays confirms that both species periodically undertake
long-distance coastal migrations and open-ocean forays, but also regularly return, and
sometimes have strong long-term residency to specific sites (Andrzejaczek et al., 2021; Braun et
al., 2015; Garzon et al., 2023; Graham et al., 2012; Peel et al., 2020; Stewart et al., 2016). These



movements appear to be population-specific strategies to optimize foraging on their ephemeral
planktonic prey (e.g., copepods, euphausiids, mysids, fish eggs and larvae), visit coral reef
cleaning stations, and for reproduction. To date, however, no tagging studies focused on the U.S.
Atlantic manta population have been published.

Acoustic and satellite telemetry are often combined to give a more complete view of habitat use
and migrations in marine fishes. Acoustic transmitters generally have longer battery life, better
retention, and provide more accurate location estimates (< 500 m), but only when animals pass
near submerged acoustic receivers. The approach is increasingly effective along the U.S. Atlantic
Coast due to the development of the collaborative FACT and Atlantic Cooperative Telemetry

(ACT) networks which collectively maintain several hundred nearshore tracking stations. Both
networks have evolved to study a variety of fish and sea turtles (Bangley et al., 2020; Young et
al., 2020), and have already been leveraged to track migrations of other ray species including
the cownose ray (Bangley et al., 2021), whitespotted eagle ray (DeGroot et al., 2021), and
smalltooth sawfish (Graham et al., 2021). Satellite telemetry differs in that it relays information
to orbiting satellites when an animal surfaces (continuously transmitting tags) or once the tag
detaches (pop-up satellite archival tags, PSATs). Satellite telemetry is preferred for following
movements through the open ocean, but tags generally have shorter retention times and higher
failure rates. Both acoustic and satellite tags also regularly incorporate sensors (e.g.,
temperature and depth) to assess environmental preferences of the animals that carry them.

1.5 Study Rationale

The U.S. Bureau of Ocean Energy Management (BOEM) is the federal agency responsible for
leasing the rights to mineral extraction, wind energy development, and oil and gas operations
along the U.S. Outer Continental Shelf (OCS). When granting access to OCS sand deposits for
shoreline restoration projects, BOEM must ensure that sand extraction (i.e., dredging and other
ancillary operations) is conducted with minimal impact on marine species, particularly those
protected under the ESA and those of economic importance to U.S. fisheries, while avoiding
undue delays to dredging or construction activities (Tomlinson et al., 2007).

Some of the most significant deposits of beach quality sand along the U.S. Atlantic Coast and
Gulf of Mexico are found in offshore sand shoals. Shoals are underwater sand bars or ridges that
are shallower than the surrounding seafloor and typically exhibit greater variability in sediment
composition, seafloor morphology, ocean currents, and turbidity. This habitat diversity provides
valuable foraging, predator avoidance, and reproductive opportunities for many marine
organisms, and often supports biological communities distinct from those in adjacent areas
(Rutecki et al., 2014; Vasslides & Able, 2008).
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BOEM has sponsored a multi-disciplinary biological assessment of the Canaveral Shoals off the
east-central Florida coast since 2013, to evaluate the potential ecological impact of dredging
projects. This location is considered a priority study site because it features the largest sand
shoal complex on Florida’s Atlantic Coast, exhibits geomorphological characteristics
representative of other large shoals in the region, and includes a major sand borrow site that
has been repeatedly dredged to support beach nourishment projects. BOEM-supported
monitoring efforts, including longline and trawl surveys, acoustic tracking of several fish species,
satellite tracking of nesting sea turtles, ocean soundscape recordings, and ocean glider
deployments, have resulted in several major reports and peer-reviewed publications (e.g., Ahr
et al., 2025; lafrate et al., 2019, 2022, 2023; Murie et al., 2024; Reyier et al., 2023; see Appendix
1 for full list).

Manta rays are regularly observed on and around the Canaveral Shoals, particularly in spring
and during occasional summer cold-water upwelling events (lafrate et al., 2019). However, the
extent of their reliance on the Cape Canaveral region and their association with offshore sand
shoals remains entirely unknown, representing one of the largest remaining data gaps when
permitting sand dredging projects. The overarching goals of this study were to use acoustic and
satellite telemetry to:

(1) Define the seasonal occurrence and site fidelity of manta rays on the Canaveral Shoals
(2) Document local water temperature and depth preferences, and
(3) Track the coastal migrations of manta rays if they leave the Canaveral region

The findings from this study build upon the previous work of lafrate et al. (2019, 2022) and have
several practical applications. First, an improved understanding of manta ray distribution and
behavior around sand shoals will help BOEM make more informed decisions about the direct
and indirect routes of effect to the species from dredging activities, and help with consultations
for other federally sponsored activities such as Navy training and rocket launches. Additionally,
results may help estimate interaction risk between manta rays and commercial gill net and
shrimp trawl fisheries operating off east Florida, as well as from sea turtle relocation trawling.

Understanding the depth preferences of manta rays in coastal waters will help estimate the risk
of vessel strikes, a topic that has received little scientific attention beyond documentation of
ship-strike injuries in underwater visual surveys. Depth data may also improve population
estimates by refining visibility correction factors for ongoing aerial surveys and potential future
satellite-based imaging platforms.

Migration data from this study will supplement ongoing tagging work in southeast Florida and
the Gulf of Mexico by the National Marine Fisheries Service (NMFS) and Marine Megafauna



Foundation (MMF). Resolving coastal movement patterns will identify additional shoals used by
manta rays along the U.S. Atlantic Coast and help guide potential future critical habitat
designation under the ESA. Finally, archived location and temperature data may serve as
benchmarks to detect future shifts in manta ray distribution and migration timing as oceans
continue to warm.

2 Materials and Methods

2.1 Study Region

All manta ray tagging occurred in the greater Cape Canaveral region, with effort concentrated
on the Canaveral Shoals (Figure 1). Prominent features of this shoal complex include the shore-
connected Southeast Shoal and Chester Shoal, as well as several smaller isolated shoals located
farther offshore. While winter water temperatures typically remain above 15 °C, a strong north-
south gradient is often present, with waters south of the Cape more directly influenced by the
warm northward flowing Florida Current. Summer temperatures commonly reach 28-30 °C,
although episodic deep-water upwelling events, typically in July and August, produce some of
the coldest bottom temperatures of the year (Smith, 1983). Tidal range averages ~1 m, and
salinity remains stable year-round at 35—-36 parts per thousand. The study area includes one
active 5 km? dredge site that has served as the primary sand source for most beach
nourishment projects near Cape Canaveral since 2000, although additional sites are planned.
The Canaveral shoreline is largely undeveloped except for NASA and U.S. Space Force rocket
launch infrastructure set several hundred meters inland. Vessel traffic is generally modest, due
in part to restricted access during the increasingly frequent rocket launch cadence. A more
detailed description of the study area is provided in lafrate et al. (2019).

2.2 Manta Ray Tagging and Tracking

From November 2023 through September 2024, manta rays were tagged with a combination of
acoustic transmitters (n = 20) and pop-off satellite archival tags (PSATs; n = 5), with tagging dates
and search locations guided by local fisherman and pilot reports, and satellite-based ocean
temperature data. An additional five mantas tagged with acoustic transmitters during a March
2022 pilot study by the Georgia Aquarium (see Herman et al., 2023) were also included in
analyses for a total of 30 mantas tagged. Acoustic tags (Innovasea, Nova Scotia, Canada) had a
60-120 second transmission interval and a battery life of at least 3.5 years depending on the
model (Table 1). Fourteen of these acoustic tags also recorded water temperature and depth,
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Figure 1. Cape Canaveral study area, including tagging sites for all 30 manta rays, courting and mating
observations, locations of all acoustic receiver tracking stations, and the CSII dredge site.



with sensor resolutions of 0.1 °C and 0.3 m, respectively. PSATs (MiniPAT model 390B, Wildlife
Computers, Redmond, WA) were programmed to record ambient light, depth, and temperature
every 3 seconds before detaching after 276 days. Upon detachment, MiniPATs transmit data
summaries to the manufacturer via Argos satellite system, where light-level data is processed to
geolocate daily positions and reconstruct likely movement paths.

Due to generally turbid water conditions at Cape Canaveral, all tags were externally attached to
mantas from the bow of a 7 m flat-bottom skiff using a 3 m tagging pole, rather than in-water
tagging methods more common in other regions. Tags were attached using a 10 cm tether
consisting of 180 kg test monofilament fishing line threaded through a 250 kg test hollow-braid
Spectra® core and bound with shrink wrap (Figure 2). This three-layer tether design, adapted
from Andrzejaczek et al. (2020), was selected to maximize tether strength, stiffness, and
abrasion resistance. Tags were also coated with black antifouling paint (Micron 66) to minimize
biofouling and reduce attention from sharks and jacks, although a strip of loosely attached (i.e.,
temporary) high-visibility flagging tape was added to help confirm initial tag placement and to
avoid accidental re-tagging of the same individual. Tags were affixed along the dorsal junction of
the wing and body using Wildlife Computers titanium dart anchors, with insertion depth set to
2—-3 cm using a rubber stopper on the applicator needle. Barbs were notched into the needle to
simultaneously collect a small (<1 g) tissue biopsy for genetic analysis. All tagging activities were
conducted under State of Florida Special Activity License SAL-23-2527-SR, NMFS Biological
Opinion OPR-2021-02578, and Kennedy Space Center IACUC protocol GRD-06-049.

Figure 2. Photos of (A) tethered MiniPAT (left) and acoustic tag (right), (B) acoustic tag ready for
deployment, and (C) acoustic tag on a manta post-tagging.



Tagging events were recorded on video to estimate disk width (DW, to the nearest 0.25 m),
assess pre- and post-tagging behavior, and verify tag placement and retention. Sex could not be
confirmed in most cases; however, when courting pairs were observed, the leading animal was
presumed female and the trailing animal male, following behavioral patterns described by Pate
(2024).

Local movements of acoustically tagged manta rays were monitored using 31 Innovasea VR2W
and VR2Tx receivers—hereafter the ‘Canaveral Array’—deployed year-round on and adjacent to
the Canaveral Shoals at depths of 2-25 m and distances of 0.5—-22 km offshore (Reyier et al.,
2023; Figure 1). All receivers were anchored to the seafloor and serviced twice per year by
SCUBA divers to download animal detection data. Range testing of comparable transmitters has
shown that Canaveral Array receivers achieve a 50% detection range of ~400 m with a maximum
range of 1,700 m, although performance is affected by water depth and other local factors
(lafrate et al., 2019).

Manta ray movements away from Cape Canaveral were tracked via the FACT and ACT telemetry
networks, with the nearest external receivers located approximately 20 km south offshore
Satellite Beach. In addition, three tagged individuals were fortuitously detected moving through
a high-resolution VEMCO Positioning System (VPS) array off Daytona Beach, about 40 km north
of the Canaveral Array. This array, deployed by the University of Florida from April to July 2024
to study post-release fishing mortality in red snapper, used time-synchronized receivers to
triangulate manta ray positions to within 1-10 m (Orrell & Hussey, 2022), enabling more
accurate estimates of swim speed.

2.3 Manta Ray Genetics

Although Pate & Marshall (2020) reported that all 59 mantas observed in their southeast Florida
study (approximately 150 km south of Cape Canaveral) were likely Mobula yarae based on
external appearance, visual identification to species is challenging (Hinojosa-Alvarez et al.,
2016), and both it and M. birostris have been previously recorded in east Florida waters (J. Pate,
MMF, pers. comm.). To genetically confirm manta ray species affiliation, tissue samples that
were successfully recovered from 21 tagged individuals were stored in 2 mL vials of >70%
ethanol. DNA was extracted using the salting-out method adapted from Sunnucks & Hales,
(1996), while DNA purity and concentration were measured with a NanoDrop 2000
Spectrophotometer (Thermo Fisher Scientific, Waltham, MA).

Species identity was confirmed using both nuclear and mitochondrial DNA (mtDNA) following
the protocol from Kashiwagi et al. (2012). Specifically, 750 base pairs (bp) of the nuclear RAG1
gene were sequenced using the primers MRAGF2 and MRAGR2, and 1,200 bp of the ND5 gene
using the primers MLF2 and MNR4 (Kashiwagi et al., 2012), for a total of 1,950 bp. PCR reactions



consisted of 1X final concentration MyTaq Red Mix (Thomas Scientific, Swedesboro, NJ), 1 uM
final concentration of each primer, and 1-10 ng/ul of DNA template. Thermal cycling conditions
included an initial denaturation at 95°C for 4 min, followed by 35 cycles of 95°C for 1 min, 59—
62°C for 30 s, and 72°C for 30 s, with a final extension at 72°C for 20 min. PCR products were
purified using the ExoFAP protocol from Thermo Fisher Scientific (Waltham, MA). Purified
amplicons were sequenced at the University of Arizona Genetics Core Facility, and sequences
were visualized and analyzed in Geneious Prime v2019.1.1 (https://www.geneious.com).
Sequences were aligned with MAFFT v7.388 (Katoh & Standley, 2013), and phylogenetic trees
were generated using a Bayesian treebuilding approach in the MrBayes v3.2.6 (Ronquist et al.,
2012). The mutational substitution model was determined using jModelTest (Darriba et al.,
2012), which was then input into MrBayes.

Sequences were first matched to existing sequences in GenBank (Clark et al., 2016) with the
Basic Local Alignment Search Tool (BLAST) from the National Center for Biotechnology
Information. Only matches with high similarity and coverage (>99%) were considered.
Phylogenetic trees were then constructed that included a reference sequence from GenBank for
each of the two putative species (Accession numbers KX291019.1 and KR703233.1).

2.4 Data Analysis

Acoustic detections were screened using a custom R script to exclude any potential mortalities
(i.e., individuals showing no movement over extended periods), spurious detections resulting
from tag code collisions, and any records with implausible temperature or depth values. The
validated dataset was then used to calculate four detection metrics including:

e Days at Liberty: Time elapsed between tagging and final detection.

e Stations Visited: Number of unique acoustic receiver stations visited across the FACT and
ACT networks.

e Detection Index (%): Percentage of days detected anywhere during the time at liberty.

e Detection Index Local (%): Percentage of days detected specifically at Cape Canaveral.

To visualize space use at Cape Canaveral, acoustic detections from the Canaveral Array were
used to generate utilization distributions (UDs) using Kernel Density Estimation (KDE). KDE is
well suited for irregular detection intervals as it estimates the relative probability of presence
without assuming independence between detections or requiring detailed movement paths.
Individual UDs were generated using a customized approach based on the "Kernels with
Barriers" tool in ArcGIS™ 10.2 (ESRI, Redlands, CA), which incorporates coastline and
bathymetric constraints on movement. The tool’s default data-driven bandwidth was retained
to accommodate variability in detection density among individuals. As input for generation of



UDs, average 24-hour positions were calculated for each manta ray by weighting receiver
coordinates by detection frequency within each time window (Heupel et al., 2004;
Simpfendorfer et al., 2002, 2012). Composite maps displaying the 50% UD (core use area) and
95% UD (wider activity space) were created by stacking individual UDs to identify areas of
consistent use across the tagged population.

Sea surface temperature (SST) for each detection was extracted from the NOAA Environmental
Research Division’s Data Access Program (ERDDAP) server using the rerddapXtracto package in R

(Mendelssohn, 2024). SST values were drawn from the jpIMURSST41 daily composite dataset
(0.01° spatial resolution) derived from multiple satellite platforms. This remote sensing
approach allowed the pairing of SST values to all tagged manta ray detections, regardless of
whether they carried integrated temperature sensors.

To evaluate manta ray depth preferences, depth sensor data from acoustic tags were used to
summarize both absolute and relative depth. Absolute depth refers to the recorded position of
the animal in the water column, while relative depth represents that position as a percentage of
the estimated maximum local depth (0% = surface, 100% = seafloor). Maximum local depth was
estimated by generating 1,000-meter buffers around each receiver station and extracting the
deepest point within each buffer from the 2023 NOAA Coastal Relief Model. A 1.5-meter
correction factor was added to account for tidal variation. These calculations were performed
using the exactextractr package in R (Baston, 2022). To explore diel patterns in depth use,
detections were classified as either day or night based on sunrise and sunset times derived from

the suncalc package in R (Thieurmel & Elmarhraoui, 2022).

Several behavioral metrics were developed to further characterize manta ray residency and
movement. Visit duration, the time between a manta's first and last detection at a given
receiver, was used as a proxy for site fidelity, with a new visit defined after 260 minutes of no
detections. To estimate rate of movement (ROM), straight-line distances between receiver
stations were combined with detection timestamps, restricted to station pairs 4-20 km apart.
Distances <4 km may inflate ROM due to receiver range overlap, while distances >20 km may
underestimate ROM due to non-linear travel paths. ROM is intended as a comparative index of
movement behavior, not as a measure of precise swimming speed. Fine-scale movement data
from the VPS array off Daytona Beach were used to better estimate true swimming speed for
the three individuals detected within this high-resolution array. Finally, coastal migration rate
was separately calculated for movements >50 km when travel between receiver sites occurred
within 90 days. All distance-based ROM calculations were performed using the sf package in R
(Pebesma, 2018).

In addition to movement data, qualitative observations of feeding, courtship, and mating
behaviors were documented during field operations and supported by video footage collected
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during tagging events. These recordings were reviewed to assess pre- and post-tagging
behavior, document social interactions, and verify tag placement. Finally, a manta ray migration
animation was produced from acoustic detection data to visualize broad-scale seasonal
movements. While developed primarily for outreach and education, the animation also serves
as a useful tool to illustrate shifts in regional distribution over time.

3 Results

3.1 Tagging Overview

A total of 25 manta rays were tagged during 10 field trips conducted in November 2023 (3
individuals), March 2024 (17), April 2024 (4), and September 2024 (1) (Table 1). Including five
individuals tagged by the Georgia Aquarium in March 2022, the study tracked 30 manta rays in
total, 25 fitted with acoustic transmitters and five with MiniPAT satellite tags. Tagging efforts
spanned 75 km of coastline from Satellite Beach to Canaveral National Seashore, with most
releases occurring on or near the Canaveral Shoals (Figure 1).

Manta ray estimated width ranged from 1.75 to 5.0 meters (mean + SD: 3.6 £ 0.8 m). The first
three manta rays tagged were also the smallest with estimated widths of 1.75-2.25 m,
suggesting they were immature. Among the remaining individuals, all but two exceeded 3
meters width, and six (four putative males, two putative females) were observed as part of
courting pairs, indicating that most were at or nearing sexual maturity. One additional manta
tagged by the Georgia Aquarium was visually confirmed as a female, while sex of the remaining
individuals was not determined.

Of the 25 manta rays equipped with acoustic tags, 24 were detected by receivers resulting in
21,824 total detections. The mean time at liberty was 234 days, ranging from 1 to 594 days
(Figure 3). Eight individuals were tracked for over a year, with several still presumably carrying
functional tags as of the last receiver download in spring 2025. Manta rays were collectively
detected on 189 unique receiver stations from Jupiter, Florida (27.0°N) to Ocean City, Maryland
(38.3°N), confirming extensive migrations along the U.S. Atlantic Coast (Figure 4). In contrast,
none of the five manta rays tagged with MiniPAT satellite transmitters produced usable data. No
complete transmissions were received, no premature releases reported, and no tags recovered
despite being attached using the same tethering method and anatomical placement as the
acoustic tags. These failures (which are explored further in the Discussion) limited the ability to
monitor manta ray movements in deeper offshore waters beyond the range of the coastal
acoustic receiver array.
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Table 1. Tagging details and tracking metrics for manta rays released at Cape Canaveral.

Manta rays carrying temperature and depth-equipped transmitters have two separate tag IDs. Mantas tagged in the 2022 Georgia Aquarium pilot study are
labeled with the suffix ‘GA’.

Tag Interval (sec), Batt | Tagging Behavior at . Disk Days at Stations | Detection Index (%) Total
TagID(s) Tag Type (yrs), Pwr (dB) Date Tagging sex | SpeciesD | \igth (m) | Liberty | Visited All / Local Detects
Acoustic with . .
4222/4223 Temp & Depth 60, 3.5, 158 11/11/23 Feeding Unk Oceanic 2.00 147 18 16.3/4.8 803
Acoustic with .
4228/4229 Temp & Depth 60, 3.5, 158 11/11/23 Feeding Unk | Unknown 2.25 385 40 29.6/14.5 9,653
Acoustic with . )
4230/4231 Temp & Depth 60, 3.5, 158 11/11/23 Feeding Unk Atlantic 1.75 500 30 7.4/4.4 2,296
Acoustic with Courting Pair )
4236/4237 Temp & Depth 60,3.5, 158 03/09/24 (Trailing) M | Atlantic 2.75 1 2 100/0.0 2
Acoustic with Courting Pair Atlanti
4240/4241 Temp & Depth 60, 3.5, 158 03/09/24 (Leading) F tlantic 3.00 371 42 75/3.2 593
Acoustic with o )
4224/4225 Temp & Depth 60, 3.5, 158 03/13/24 Swimming Unk Oceanic* 3.50 354 59 8.8/8.2 764
Acoustic with Courting Pair )
4226/4227 Temp & Depth 60,3.5,158 03/15/24 (Trailing) M | Atlantic 4.00 365 28 7.1/47 848
Acoustic with o .
4234/4235 Temp & Depth 60, 3.5, 158 03/15/24 |  Swimming | Unk | Oceanic 4.00 33 1 33.3/333 449
Acoustic with o )
4242/4243 Temp & Depth 60, 3.5, 158 03/15/24 Swimming Unk Oceanic 3.50 365 15 33/19 220
Acoustic with Breaching /
4246/4247 Temp & Depth 60,3.5, 158 03/15/24 | (i ing | Unk | Unknown 4.00 81 5 6.2/25 91
Acoustic with o .
4248/4249 Temp & Depth 60, 3.5, 158 03/15/24 |  Swimming | Unk | Oceanic* 3.50 98 14 25.5/9.2 250
Acoustic with o )
4250/4251 Temp & Depth 60,3.5, 158 03/15/24 Swimming Unk | Atlantic 4.50 403 40 15.9/6.5 1,015
Acoustic with Courting Pair .
4238/4239 Temp & Depth 60,3.5,158 03/20/24 (Trailing) M | Atlantic 4.00 167 42 24.6/22.2 1,621
Acoustic with Breaching /
4244/4245 Temp & Depth 60, 3.5, 158 03/21/24 | gt | Unk | Unknown 4.50 290 8 9.7/14 203
59709 Acoustic 90, 5.1, 158 03/21/24 Swimming Unk Oceanic* 3.50 - - - -
47614 Acoustic 90, 5.1, 158 04/01/24 Swimming Unk Oceanic 4.50 357 46 10.4/8.1 957
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Tag Interval (sec), Batt | Tagging Behavior at . Disk Days at Stations | Detection Index (%) Total
feelnt) Tag Type (yrs), Pwr (dB) Date Tagging Sex Species ID Width (m) Liberty Visited All / Local Detects
47615 Acoustic 90, 5.1, 158 04/01/24 Swimming Unk |  Atlantic 5.00 376 20 35/2.7 593
59704 Acoustic 120, 4.0, 158 04/02/24 coﬁ?ta'ﬂ.gn ;a" M | Unknown 3.75 118 6 3.4/0.8 32
59708 Acoustic 120, 4.0, 158 04/02/24 C‘zr;;‘gign;a'r F Oceanic 3.75 133 37 165/0.8 439
59712 Acoustic 120, 4.0, 158 09/29/24 Swimming Unk |  Atlantic 3.00 62 8 12.9/12.9 77
59705 (GA) Acoustic 120, 4.0, 158 03/25/22 Swimming F Unknown 1.80 181 35 12.7/5.0 236
59710 (GA) Acoustic 120, 4.0, 158 03/26/22 NR Unk | Unknown 3.50 26 6 15.4/115 27
59711 (GA) Acoustic 120, 4.0, 158 03/28/22 NR Unk | Unknown 3.30 213 18 75/3.8 195
59706 (GA) Acoustic 120, 4.0, 158 03/29/22 NR Unk | Unknown 3.50 1 4 4.0/4.0 11
59713 (GA) Acoustic 120, 4.0, 158 03/29/22 NR Unk | Unknown 4.00 594 23 51/42 429
PTT 244367 satellite . 03/15/24 Breaching/ |\, | Oceanic* 4.50 NVD NVD NVD NVD
Swimming
PTT 244369 satellite - 03/15/24 Swimming Unk | Oceanic 4.00 NVD NVD NVD NVD
PTT 244370 Satellite - 03/16/24 Pinwheeling Unk Atlantic 4.00 NVD NVD NVD NVD
PTT 244371 satellite . 03/16/24 Breaching/ |\, | Atiantic 4.00 NVD NVD NVD NVD
Swimming
PTT 244368 satellite - 03/20/24 Swimming Unk | Atlantic 4.00 NVD NVD NVD NVD
Study Mean - - - - - - 3.6 234.2 23.2 16.1/7.4 909.4

*Mantas possessing unique point mutation in the ND5 gene
NVD = No Valid Data
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Figure 3. Acoustic detections of manta rays along the U.S. Atlantic Coast during the (A) BOEM

operations (2023-24) and (B) an earlier Georgia Aquarium pilot study (2022-23).

Animals are arranged in order of tagging date within each project. Note the differing date ranges across the two
tagging events.
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3.2 Species Affiliation

Of the 21 tissue samples analyzed, only one could not be sequenced due to insufficient
material. For all other individuals, nuclear analysis was inconclusive, as the RAG1 gene did not
have sufficient variability to resolve differences between the two manta species. Mitochondrial
assessment at ND5, however, identified 10 individuals as M. birostris and 10 individuals as M. cf
birostris, now M. yarae. Five variable sites within the ND5 gene were diagnostic for
differentiating the species, and all samples grouped closely in the phylogeny with one of the
two references, and well away from other congeners. In addition, four individuals exhibited a
unique point mutation not present in reference sequences, indicating previously undocumented
genetic diversity.

3.3 Local Habitat Use

Acoustically tagged manta rays were detected at Cape Canaveral throughout the year, with 4 to
15 individuals present in every calendar month, indicating some reliance on the region across
seasons. A total of 9,454 detections (43% of all acoustic detections) occurred within the
Canaveral Array. The local Detection Index, defined as the percentage of days at liberty a manta
ray was detected on Canaveral Array receivers, averaged 7.4% across individuals. However, site
fidelity varied widely. Some individuals (e.g., IDs 4228 and 4238) exhibited relatively strong
fidelity to the study area, while others (e.g., IDs 4226 and 59713) were detected more
intermittently but on a recurring basis, suggesting regular use of the broader Canaveral region
even if not detected on a daily basis. At least one tagged manta ray was detected on every
receiver in the Canaveral Array, confirming broad use of the shoal complex although with
potentially higher use near the shore, particularly at False Cape, and along the outer edge of the
Canaveral Shoals (Figure 5).

3.4 Coastal Migrations

Most tagged manta rays exhibited movements beyond Cape Canaveral, though the extent of
coastal migrations varied substantially among individuals. Only four manta rays were detected
exclusively at Cape Canaveral, but these animals had track durations of only 1-62 days at liberty.
Six additional individuals moved beyond the local area but had detections restricted to the east
Florida coast. For example, juvenile manta ID 4228 was tracked for 485 days but was only
observed moving between Cape Canaveral and southeastern Florida, suggesting that long-
distance coastal migrations are limited in at least some individuals.
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Figure 5. Local habitat use by acoustically tagged manta rays.
Maps include 50% UD (core use area) and 95% UD (overall activity space).

A total of 14 manta rays migrated away from Florida with individuals detected in Georgia (5),
South Carolina (9), North Carolina (7), Virginia (6), and Maryland (2). Manta ID 4240 was tracked
across the most expansive range from St. Lucie, Florida, to Ocean City, Maryland, over 1,500 km
of coastline. Seasonally, manta ray detections were entirely restricted to the Florida Atlantic
Coast between December and March, followed by northward migrations in April through June
(Figure 6). Two separate individuals reached Maryland, one in August 2023 and the second in
June 2024. Southward return migrations were typically observed from September through
November. Most long-distance detections occurred on open-ocean acoustic receiver stations
although two individuals briefly entered estuarine or inlet environments during the study
period. Manta ID 4250, an adult of unknown sex, spent 6 days inside St. Helena Sound, South
Carolina, in mid-June 2024. In addition, Manta ID 59711, also of unknown sex, was detected just
inside Cape Fear Inlet, North Carolina, in June 2022.
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Figure 6. Monthly latitude of manta ray detections along the U.S. Atlantic Coast.

Boxes represent the median and interquartile range while whiskers show the full observed latitude range each
month. The dashed line marks the overall study median. Latitude values were averaged per individual to ensure
equal weighting for each animal.

3.5 Temperature Associations

Remotely sensed SST values were paired with all manta ray detections. Mantas were recorded
from a low of 17.5 °C off Cape Canaveral in February 2024 to a high of 30.7 °C off South Carolina
in July 2024 (Figure 7). The mean SST associated with all detections was 25.5 £ 3.5 °C. When SST
values were first averaged by individual (ensuring equal weighting across animals) the mean SST
was slightly lower at 23.9 + 2.1 °C. Nearly all detections in waters cooler than 20 °C occurred
between late December and early March along the east-central Florida coast.

For the 14 manta rays equipped with temperature sensors (n = 9,495 data points), in situ
temperatures aligned reasonably well with associated SST values (mean 25.5 °C vs. 25.9 °C,
respectively). However, sensor data occasionally reported substantially lower temperatures than
those measured by satellite. Seven individuals experienced water temperatures greater than

5 °C cooler than the corresponding SST, with the lowest recorded value being 10.1 °C off Virginia
in August 2024, over 15 °C below the satellite-derived SST. These events indicated periodic use
of deeper, cooler water layers, particularly in summer, and highlighted the limitations of SST as a
sole proxy for manta ray thermal exposure.
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Figure 7. Monthly SST associated with manta ray detections along the U.S. Atlantic Coast.

Boxes represent the median and interquartile range while whiskers show the full range of observed SST values. The
dashed line marks the overall study median. SST values were averaged per individual to ensure equal weighting for
each animal.

3.6 Depth Associations

The 14 manta rays equipped with depth sensors produced 5,079 valid detections. Three sensors
exhibited anomalous readings (consistent readings > 100% available depth) after deployments
of 125, 334, and 454 days, likely due to tag biofouling, so their subsequent readings were
excluded. Recorded depths ranged from 0 m (ocean surface) to 35.1 m, although only a single
value off Virginia exceeded 27 m. Most detections occurred within the upper 10 m of the water
column (Figure 8), a distribution that is constrained by the shallow deployments of coastal
acoustic receivers and does not reflect the animals’ full utilized depth range. The overall mean
depth was 7.1 £ 4.5 m, with a similar mean of 7.4 £ 4.9 m at Cape Canaveral. Notably, 14% of
detections occurred at depths < 2 m, a zone of heightened risk for vessel strikes; this proportion
increased to 17% at Canaveral.

Relative depth, defined as the manta’s position within the water column (0% = surface, 100% =
seafloor), suggested that individuals were slightly bottom-oriented, with peak detection
frequency occurring between 60-75% of the available water depth (Figure 8). Moreover,
because acoustic receivers are rarely located at the deepest point within their detection radius
(in this study, the average receiver depth was 86% of the maximum seafloor depth in the area),
manta rays are often in closer proximity to the seafloor than relative depth estimates would
suggest.
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Figure 8. Vertical distribution of tagged manta rays (n = 14) based on depth sensor data

(A) Manta absolute depth recorded by the tag, where 0 m represents the ocean surface, and (B) relative water
depth (0% = ocean surface, 100% = ocean floor) standardized to the maximum depth within a 1,000 m buffer
around each receiver.

Mean absolute depth was modestly shallower at night than during the day (6.5 m vs. 7.6 m,
respectively), a pattern observed both across the full dataset and at Cape Canaveral. Relative
depth was lower between 18:00 and 04:00, indicating that manta rays occupied shallower
positions in the water column during nighttime and early morning hours (Figure 9). Seasonally,
absolute depth was deepest and less variable in winter, and shallowest in spring (Figure 10). For
relative depth, winter also represented greatest depth in the water column, and lowest values
in summer. Overall, mantas were observed deeper in the water column in winter, with greatest
variation in summer and fall.
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Figure 9. Daily variation in the vertical distribution of tagged manta rays (n = 14)
(A) Depth use by time of day (day vs. night) and (B) mean relative depth (+ SD) by hour across a 24-hour cycle
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Figure 10. Seasonal variation in the vertical distribution of tagged manta rays (n = 14)
(A) Mean of individual actual depth and (B) mean relative depth. Note: Each box represents the interquartile range
of individual seasonal means.

3.7 Behavioral Observations

Fall

Visit duration was calculated for all encounters with acoustic receivers to assess manta site

fidelity. Across the full dataset, 1,431 unique visits were recorded, with an average duration of
30.7 + 54.2 minutes (range: <1 to 673.6 min; Table 2). When limited to detections within the
Canaveral Array, average visit duration was similar (29.1 + 46.7 min, range: <1 to 506.3 min). To

account for variation in detection frequency among individuals, mean visit duration was also

calculated per individual, yielding an average of 23.4 + 32.2 minutes (range: 1.0 to 171.6 min).

Table 2. Behavioral metrics for tagged mantas including visit duration to receiver sites, local ROM, and
long-distance coastal migrations.

Local ROM and costal migrations are averages across individuals.

Receiver Visit Duration (minutes) Local ROM (meters per second) Coastal
Metric Migrations
Canaveral Other . Canaveral Other - Daytona (km per day)
Sites Sites il Sites Sites Rl VPS Array
Mean * SD 291+46.7 | 322+61.0 | 30.7+542 | 047+0.33 | 0.34+0.37 | 043+0.33 | 0.88+0.13 | 18.74 £ 18.74
<1- <1- <0.01- <0.01- <0.01-
Range 0-506.3 673.6 673.6 144 1.46 1.46 0.55-1.04 | 2.37-77.62
No. Mantas 23 21 24 22 12 23 3 19
Sample 728 703 1,431 301 65 366 21 70
Size
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Local ROM, based on straight-line distances of 4—20 km between receiver stations was
calculated for 366 track segments from 23 individuals. ROM was slightly higher within the
Canaveral Array (mean 0.5 + 0.3 m s™") than outside it (0.3 + 0.4 m s™"), with an overall range of
<0.01 to 1.5 m s™. Coastal migration rate, defined as movements over >50 km completed within
90 days, was calculated for 70 track segments from 19 individuals. Migration rates ranged from
2.4 to 77.6 km day™ with a mean of 18.7 km day™.

Fine-scale swimming speed was estimated from data collected within the VPS array off Daytona
Beach, where closely spaced receivers allowed accurate acoustic positioning (i.e., triangulation)
of manta locations. Three manta rays made brief, linear passes through the VPS array in June
and July 2024, producing 21 short track segments, each less than 10 minutes in duration.
Average swim speed across these segments was 0.9 m sec? (range 0.6—1.0 m sec™?).

Tagging operations unexpectedly provided several opportunities to observe manta ray
reproductive behavior, with courtship activity documented on four occasions between March 9
and April 2, 2024 (with similar behavior noted during the March 2022 Georgia Aquarium pilot
study). In each observed event, a single presumed male trailed a leading female, consistent with
early stages of mating behavior. The male was successfully tagged in all four cases, and two of
the females were also fitted with transmitters. Notably, manta rays showed little avoidance of
the vessel before tagging, and in each case the male resumed courtship immediately post-
tagging. In one instance, the tagged female also resumed normal behavior and remained in
view; in another, the female was not resighted due to turbid water conditions. Based on the
behavioral definitions of Stevens et al. (2018), three interactions were classified as “initiation”,
where the male followed the female at a defined distance, while one was classified as “evasion”,
with the female actively attempting to avoid the male (Figure 11).

The most notable observation of reproductive behavior occurred on March 16, 2024, beginning
at 13:00, in 3—4 meters of water just outside the surf zone at False Cape (28.601°N, -80.587°W,
Figure 1). Unlike prior encounters involving isolated pairs, this event involved an aggregation of
6—8 mantas exhibiting behavior indicative of a more concerted mating event. Individuals were
observed ‘pinwheeling’ at the surface, spinning in a tight circle with a single pectoral fin
protruding above the water, a posture distinct from standard courtship chases. Water clarity at
this site was more turbid than nearby areas suggesting manta interaction with the seafloor, and
sea conditions were calm with light winds and partly cloudy skies. The animals appeared
unbothered by, or unaware of, the tagging vessel, with one individual even bumping into the
boat hull while the engine was idling.

At one point, two manta rays briefly coupled and partially emerged from the water (Figure 11),
displaying a behavior consistent with pre-copulation positioning as described by Stevens et al.
(2018). This milling behavior persisted for at least 2 hours with the aggregation still active when
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researchers departed the area at 15:00. Additional mantas were observed breaching nearby,
and a separate pair engaged in evasion behavior was seen traveling down the beach toward the
aggregation. Notably, the activity drew attention from local cobia anglers, several of whom
actively pursued the manta rays for an extended period, although impact to manta behavior
was unclear. Due to the sensitivity of the ongoing interactions, a decision was made to not tag
animals within the aggregation although two solitary mantas in the area were later tagged with
MiniPAT satellite transmitters. A brief description of this putative mating event is also provided
in Pate (2024).

Support for this site’s potential reproductive significance was further bolstered by broader
tracking data. On March 15-16, approximately 25 different manta rays were observed in the
vicinity. In addition, a manta tagged with a SPOT transmitter by the MMF on March 14, 50 km
south at Satellite Beach was detected at this same site the following day (J. Pate, MMF, pers.
comm) suggesting that manta rays may be drawn to local mating activity from a relatively wide
area.
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Figure 11. They’re Shoal Mates! (A) Two manta rays engaged in the evasion phase of courtship on
Chester Shoal, 15 March 2024. Note the acoustic tag in the trailing male manta. (B) Two mantas
seemingly engaged in pre-copulation positioning (a precursor to mating) at False Cape, March 16,
2024.
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4 Discussion

This tagging study represents one of the first efforts to document individual-level habitat use,
seasonal presence, and large-scale coastal movements of manta rays in east Florida. By
integrating acoustic telemetry with a regional-scale tracking network, the study demonstrated
that long-term (> 1 year) monitoring of manta ray movements is feasible along the U.S. Atlantic
Coast. Results confirm that manta rays are present year-round at Cape Canaveral, regularly use
a wide range of sites within the local shoal system, and undertake long-distance but non-
obligate migrations that extend into the U.S. mid-Atlantic. This work also provided the first
empirical estimates of water temperature and depth associations for the species in this region,
and documented behaviors consistent with courtship and mating.

4.1 Local Habitat Associations

Greater than 40% of all manta ray acoustic detections occurred within the Canaveral Array. This
high concentration is undoubtedly an overestimate of local residency since all mantas were
initially tagged at Cape Canaveral and would therefore be more likely to generate detections in
the immediate area. If tags had been deployed along a broader section of coastline, the
proportion of detections in the Canaveral Array would have been lower. Nonetheless, multiple
manta rays tagged in spring 2024 returned in fall 2024 or spring 2025, confirming repeated use
of the Canaveral region by a portion of the population.

Manta rays were detected on every Canaveral Array receiver from the beach to the outer reef
tract more than 20 km offshore, and across a depth range of 2 to 25 m, but there did appear to
be a preference for shallow water along the beach, and potentially the outer edge of the
Canaveral Shoals, based on kernel utilization distribution composite maps. Interpretation of
fine-scale habitat preferences remains preliminary since results reflect only a single year of
tracking. If movements, especially those of mature females, vary across a multi-year
reproductive cycle, then several years of tracking will be required to fully capture habitat use
patterns. Fortunately, several individuals still carry active tags, and the addition of future years
of data (which is planned) may allow the ability to effectively model the influence of
environmental (e.g., temperature, depth, chlorophyll) and physiographic factors on manta
distribution.

One interesting phenomenon not assessed during this study was the influence of summer cold-
water upwelling events on manta ray distribution. In years with strong upwellings, large
numbers of mantas gather on the Canaveral Shoals (lafrate et al., 2019). No upwellings occurred
during this study, and tagged individuals in summer 2024 were instead broadly distributed along
the U.S. East Coast. When these upwelling-driven aggregations do occur, it remains unclear
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whether they result from individuals shifting latitudinally along the coast, arriving from some
offshore contingent of the population, or are simply resident mantas concentrating more tightly
on shoals as deeper surrounding waters become unsuitably cool. Satellite tagging studies (which
are underway by NMFS and MMF) are essential for documenting any cross-shelf manta
movements and will nicely complement coastal observations produced by the nearshore array.

4.2 Migrations in Context

This study suggests that coastal migrations are common but not obligatory for manta rays along
the U.S. Atlantic Coast. Fourteen of 24 acoustically tagged individuals were confirmed moving
north of Florida, reaching as far as Maryland, while several others appeared to remain in east
Florida despite being tracked for a full annual cycle. These findings highlight considerable
individual variation in migratory behavior, likely influenced by maturity status, sex, and resource
availability.

While some manta populations, particularly reef mantas, exhibit strong residency to relatively
small areas (Braun et al., 2015; Knochel et al., 2022; Peel et al., 2019), broad-scale seasonal
manta ray movements along the U.S. Atlantic Coast have been inferred from aerial surveys
(Farmer et al., 2022). Results of this study provide additional resolution to manta ray spatial
ecology in this region and support the view that many individuals begin northward migrations in
spring, reach the Carolinas or mid-Atlantic by summer, and return to east-central Florida in fall.
While detections were recorded as far north as Maryland, occasional sightings occur as far
north as New York (Farmer et al., 2022), suggesting that the full summer range extends beyond
what was documented here.

Coastal migrations similar to those observed in these tagged manta rays have also been recently
resolved in detail for other elasmobranchs along the U.S. southeast coast including cownose
rays, plus blacktip, lemon, sand tiger, finetooth, and blacknose sharks (Ahr et al., 2025; Bangley
et al., 2021; Bowers & Kajiura, 2025; Kessel et al., 2014; Kneebone et al., 2014; Reyier et al.,
2014, 2023). For both manta rays and these other coastal elasmobranchs, northward spring
migrations coincide with pulses of primary productivity off Georgia and the Carolinas. This
phenomenon, fueled by freshwater discharge and nutrient runoff from coastal rivers (Verity et
al., 1998), likely promotes highly favorable foraging conditions. As zooplanktivores, manta rays
may be especially responsive to ephemeral pulses in coastal productivity so as to exploit
plankton blooms.

Reproduction may also be a driver of these coastal migrations. Many of these same coastal
shark species use estuaries from northeast Florida through the Carolinas as pupping and
summer nursery grounds (Castro, 2011; Gurshin, 2007; Lyons, 2022; Ulrich et al., 2007). While
this study documented courtship and probable manta mating in east-central Florida (see also
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Pate, 2024), pupping locations for manta rays remain entirely unknown, partly due to their low
fecundity. To date, no neonates have been confirmed along the U.S. Atlantic Coast, and this
study provided no direct evidence of parturition sites. However, as with some sharks, it is
plausible that manta rays are drawn to seasonally productive and turbid estuarine habitats in
Georgia and the Carolinas to support early growth and reduce predation risk for their young.
During this study, two individuals briefly entered St. Helena Sound, South Carolina, and Cape
Fear Inlet, North Carolina, in June, though sex and reproductive condition were not determined.
Additional estuarine observations have also been reported from Pamlico Sound and Beaufort
Inlet, North Carolina (Schwartz 2003), while Medeiros et al. (2015) suggested estuarine use by
Mobula birostris for pupping in southern Brazil. Identifying, and then protecting potential
pupping habitats remains one of the most critical gaps in understanding manta ray life history in
the U.S. Atlantic.

The southeast Florida coast between St. Lucie and Boynton Beach was recently proposed as a
nursery area for larger juvenile mantas (Pate & Marshall, 2020). The current tracking data
suggests that this juvenile habitat may extend farther north into east-central Florida. Of the
three smaller manta rays tagged in this study, two were observed moving only between Cape
Canaveral and southeast Florida, supporting the possibility of a more continuous juvenile
corridor along Florida’s Atlantic Coast. However, southeast Florida remains the better
documented core nursery area to date.

4.3 Depth Utilization

While the oceanic manta has been documented diving to depths exceeding 1,200 m in offshore
environments (Andrzejaczek et al., 2022), the deepest recorded depth in this study was a mere
35 m off Virginia. This reflects the shallow depth range of deployed receivers rather than the full
extent of depth use by tagged individuals. The failure of MiniPAT satellite tags prevented any
assessment of deeper vertical movements offshore of the acoustic array. Despite this limitation,
subtle patterns in depth use emerged within the coastal zone. Manta rays regularly utilized the
full water column over the Canaveral Shoals but showed a slight tendency to remain closer to
the seafloor. Vertical thermal gradients of several degrees are common in this region (unpubl.
data) and occupying deeper layers may provide thermoregulatory benefits or improved foraging
opportunities. Bottom feeding, in which mantas filter prey from just above the seabed, is a
documented strategy in other regions (Stevens et al., 2019) and may also occur locally. Diel
vertical shifts were also noted with manta rays generally occurring closer to the surface at night,
a behavior seen in other manta studies. Interestingly, Murie et al. (2024) observed nocturnal
surface feeding by manta rays on the Canaveral Shoals. These animals were thought to be
exploiting dense aggregations of Acetes shrimp (Acetes americanus), a numerically dominant
crustacean that vertically migrates into the water column at night (An et al., 2021). The depth
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utilization of the manta ray is relevant to understanding potential direct and indirect impacts to
both the species and habitat from offshore dredging and other associated ancillary activities.

4.4 Genetic Insights and Species Co-occurrence

The detection of both the Atlantic manta and the oceanic manta among our genetic samples
was unexpected. Historically, these species were thought to be distinguishable in part by dorsal
and ventral coloration patterns. For example, mantas off southeast Florida generally match the
M. yarae phenotype (Pate & Marshall, 2020), while mantas with M. birostris-like color patterns
have only been observed farther offshore (J. Pate, pers. comm.). At Cape Canaveral, visual
identification was difficult due to turbid water and the prohibition on drone use, but where
photography was sufficiently clear, all individuals appeared consistent with M. yarae,
particularly in the shape of their shoulder patches (Figure 12).

ID4222

Figure 12. Manta rays whose dorsal coloration is suggestive of M. yarae but were genetically identified
as M. birostris.

Nonetheless, genetic analyses revealed an even split between M. birostris and M. yarae,
although samples were not obtained for several tagged animals. This finding reflects patterns in
the Yucatan, where both species also intermingle (Hinojosa-Alvarez et al., 2016). Such overlap is
not unique to mantas. Crypsis, the presence of morphologically similar but genetically distinct
species, is increasingly recognized among elasmobranchs worldwide. In east Florida alone,
crypsis has been recently documented in sharpnose sharks (Rhizoprionodon terraenovae and R.
porosus; Davis et al., 2019), scalloped hammerheads (Sphyrna lewini and S. gilberti; Barker et
al., 2021), and cownose rays (Rhinoptera bonasus and R. brasiliensis; Weber et al., 2021).

At Canaveral, genetics suggest that the two manta species are well mixed at times. Juveniles of
both were tagged together in November 2023, while adults of both were tagged during March
and April 2024. Individuals of each species migrated north in spring, with detections extending
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as far as Virginia. Because the description of M. yarae (Bucair et al., 2025) and local genetic
results became available near the end of this study, species-specific movements and habitat use
were not explored in detail. Nonetheless, these early findings raise important considerations.
First, they suggest that external morphology alone may not reliably identify manta rays to
species. Manta coloration is variable within species (Marshall et al., 2009), and Ari (2014) even
reported rapid color changes in individual captive mantas (including putative Atlantic mantas)
during feeding and social interactions. Second, lingering questions remain about the
evolutionary and ecological relationship between these species. Speciation appears to have
occurred relatively recently (<100,000 years ago), perhaps during glacial periods when lowered
sea levels restricted gene flow between Atlantic and Gulf of Mexico populations. Whether
barriers to gene flow persist today is unclear, and hybridization may occur. Walter et al. (2014)
reported a hybrid between oceanic and reef mantas, and courtship at Canaveral was observed
on days where both species were present. Differences in fine-scale habitat use or movement
patterns may also exist but remain undetected, with potential implications for management
under the ESA.

4.5 Management Considerations

Although the oceanic manta ray was listed under the ESA in part due to population declines in
Indo-Pacific and eastern Pacific regions (Miller & Klimovich, 2017), the species also remains
vulnerable within the U.S. Atlantic. Mantas exhibit life history traits that limit resilience to
population declines, including slow growth, late maturity, and very low reproductive output
(Dulvy et al., 2014). Behavioral traits—including slow swimming, frequent use of shallow coastal
waters, and limited evasive response to vessels—further elevate exposure to a range of
anthropogenic threats. While declines in the U.S. Atlantic are not well documented, mounting
pressures raise concern that population reductions may have already occurred.

Several findings from this study are directly relevant to BOEM and other federal agencies
managing offshore activities along the U.S. Atlantic Coast. Tagged manta rays were detected
year-round at Cape Canaveral, with feeding and reproductive activity observed near active and
proposed marine mineral extraction areas. Individuals also used or transited other BOEM-
managed shoal complexes along the southeast coast including Frying Pan Shoals and Cape
Lookout Shoal in North Carolina. Tagged mantas also passed through or near designated wind
energy lease areas in Long Bay, South Carolina, and offshore Chesapeake Bay and Delaware Bay,
and should also sporadically occur in lease areas off New Jersey and New York. Risks from these
and other offshore activities (e.g., cable laying, trawling) include localized benthic disturbance
which could affect manta ray foraging if prey availability is linked to benthic production, a
guestion that remains unresolved.
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Detection data also suggest frequent passage of manta rays through multiple military training
areas managed by the U.S. Navy including the Jacksonville, Cherry Point, and Virginia Capes
Range Complexes. Although the sensitivity of manta rays to sonar, large ship traffic, or training
exercises remains unstudied, this spatial overlap highlights the need for better understanding of
potential response to acoustic and vessel disturbance.

Manta rays are present year-round along the Florida east coast and did not exhibit well defined
seasonal occurrence windows that characterize other ESA-listed species such as Atlantic
sturgeon or smalltooth sawfish (lafrate et al., 2022), or nesting sea turtles. As such, efforts to
minimize overlap with federally sponsored offshore activities may prove more challenging in
Florida waters than farther up the coast. North of Florida, exposure risk appears largely limited
to late spring through early fall when northward migrations occur.

The close association of manta rays to the shoreline for much of the year, as also reported by
Pate and Marshall (2020) and Kajiura et al. (2024), places them directly in the path of dense
recreational vessel traffic, particularly in southeast Florida. Pate & Marshall (2020) noted that
nearly 50% of mantas in southeast Florida exhibited injuries from vessel strikes or fishing gear.
Risk may be heightened during reproductive periods since courting pairs often tolerate close
vessel approaches, a behavior repeatedly observed (and occasionally exploited) during this
study. The putative mating aggregation documented at Cape Canaveral in March 2024 attracted
active pursuit by cobia anglers, illustrating how recreational fishing pressure can intersect with
sensitive reproductive activity. That said, the Cape Canaveral region may offer some respite for
manta rays due to its relatively undeveloped shoreline and the presence of launch infrastructure
at Kennedy Space Center and Cape Canaveral Space Force Station. Frequent rocket launches
require temporary closures of nearshore waters, vigorously enforced by the U.S. Coast Guard,
which may reduce recreational vessel traffic and localized human disturbance.

Beyond informing spatial management, this study also provides data that can improve manta
ray population estimates. The Georgia Aquarium has conducted aerial surveys along Florida’s
east coast for several years, but poor water clarity in this region (compared to south Florida)
makes accurate counts difficult. Secchi depths at Cape Canaveral averaged only 3.3 m during a
five-year longline survey (Reyier et al., 2023) and are often even lower in winter and spring
when manta rays are most abundant. Depth sensor data from tagged mantas showed frequent
use of waters below the visible surface layer, suggesting that a proportion of animals may be
missed during aerial counts. Incorporating these vertical distribution patterns into survey
correction factors could yield more reliable population estimates to guide management and
recovery planning. The same depth data may also support future models of vessel strike risk,
similar to those developed for the North Atlantic right whale (Eubalaena glacialis; Blondin et al.,
2025).
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4.6 Tag Performance

While acoustic telemetry successfully captured coastal movements, offshore movements were
not evaluated due to the failure of all five MiniPAT satellite tags. Satellite tag failure rates are
known to be high for manta rays (Armstrong et al., 2020) although the underlying causes remain
unclear. In this study, tag attachment methods were identical between acoustic and satellite
tags, and at least one manta carrying a MiniPAT tag was observed by drone near Sebastian Inlet
in late November 2024 (J. Pate, MMF, pers. comm., Figure 13), only one month prior to its
programmed release date. This suggests that tag retention was not the likely failure point.
Discussions with the manufacturer suggest battery defects as one potential cause, while
biofouling may also contribute by reducing tag buoyancy and signal transmission. High fouling
rates on externally attached tags along the east Florida coast emphasize the need for robust
antifouling coatings on all tag types and suggest that shorter deployment durations may
improve satellite tag performance in future studies.

102 days (Dec 2022)

Figure 13. (A) Manta ray appearing to carry a satellite transmitter near Sebastian Inlet, November
2024. (B) Biofouling of an acoustic transmitter after 102 days.
Photo credits: Jessica Pate, MMF.

4.7 Lessons Learned and Best Practices

This study identified several practical lessons to guide future manta ray tagging efforts. Internal
implantation of acoustic tags which has been effective for reef mantas elsewhere (Knochel et al.,
2022), proved impractical for the larger, more powerful mantas of the U.S. Atlantic (Herman et
al., 2023). Instead, pole-based external tagging from a small vessel was effective in the
nearshore waters off Cape Canaveral where poor water clarity and local security restrictions on
drone use limit the ability to locate animals and position free divers. External boat-based
tagging, however, carries trade-offs. Individual identification and size estimates are more
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difficult without aerial or underwater imagery, sex can be challenging to determine unless
courting pairs are observed, and the risk of unintentionally tagging the same animal more than
once in a day is higher.

Several other field techniques proved effective and may be helpful in future studies. Tagging
poles outfitted with barbed needles enabled simultaneous tissue sampling, which proved
critical for genetic analysis. These samples revealed the co-occurrence of M. birostris and M.
yarae, underscoring the importance of pairing tissue collection with tagging in regions where
cryptic species may overlap. Highly visible flagging tape improved field confirmation of tag
retention and helped avoid duplicate tagging. Video footage documented tag placement, animal
size, and behavior before and after tagging.

Looking ahead, expanding both the sample size and the geographic scope of tagging will be
essential to resolve species-level distributions, habitat use, and behavior across the western
Atlantic. Finally, archiving environmental, behavioral, and movement data, as done in this study
via the FACT Network data node, create valuable benchmarks to assess future shifts in habitat
use, migrations, and reproduction as ocean conditions change.

5 Conclusion

This study provides one of the most detailed examinations to date of habitat use, seasonal
movements, and behavioral patterns of manta rays in the U.S. Atlantic, with particular emphasis
on the Cape Canaveral region. Using acoustic telemetry integrated with regional tracking
networks, the data confirmed year-round use of east Florida by manta rays and documented
extensive seasonal migrations that extended north into the mid-Atlantic as far as Maryland.
These findings add important spatial resolution to earlier aerial surveys while also helping to
define the timing and extent of seasonal habitat use along the southeastern U.S. coast.

Environmental sensor data further demonstrated that manta rays occupy the full water column
in coastal waters but exhibit slight bottom-oriented tendencies (i.e., closer to the seafloor than
ocean surface), with diel vertical shifts toward shallower depths at night. The collection of in situ
temperature and depth data also revealed that SST-based approaches may underestimate the
full range of thermal conditions experienced by these animals. Importantly, frequent use of
nearshore waters places manta rays in regular proximity to recreational vessel traffic,
commercial fishing activity, and federal offshore operations, particularly in Florida, where year-
round residency increases exposure risk.

In addition to providing direct biological insights, these results have multiple applied
management implications. Detection data overlap with multiple areas managed by BOEM for
sand extraction and wind energy development, as well as U.S. Navy training ranges and high-

32



traffic recreational corridors. Observations of courtship and likely mating behavior add further
support for portions of east-central Florida as potential reproductive habitat. The vertical
distribution data also offers an opportunity to refine correction factors applied to aerial survey
counts, improving population assessments to inform conservation planning under the ESA.

Several tagged manta rays remain active at the time of this report, and additional years of
tracking should allow robust modeling of habitat associations, distribution patterns, and
environmental drivers. While acoustic telemetry appears effective in documenting coastal
movements, offshore distribution patterns remain poorly resolved due to satellite tag failures.
Future tagging efforts combining improved satellite technology with expanded acoustic
coverage will be essential to fully define offshore habitat use, species-specific stock structure,
and migratory corridors. These long-term datasets will provide critical benchmarks as offshore
development expands, coastal human activity intensifies, and climate-driven changes begin to
influence regional manta ray distribution.
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Appendix 2. All Canaveral Array Animal Detections 2013-2025

As part of BOEM-sponsored monitoring at Cape Canaveral, this appendix presents a
comprehensive summary of all acoustically tagged animals detected within the Canaveral Array
from November 2013 through May 2025 (11.5 years). This long-term dataset includes species
tagged locally as well as individuals tagged by other research groups whose coastal migrations
intersected the array. Detected species span a wide range of management interest, including
federally protected, commercially important, and ecologically significant taxa.

These data are intended to support regulatory consultations, habitat protection measures, and
broader conservation planning across the region. For each species, we report the number of
individuals detected and their relative seasonal occurrence within the Canaveral area. A
detailed breakdown of detection locations is provided in Table A1, and monthly occurrence
trends are summarized in Figure Al. Additional information on the tagging efforts that
generated these detections, along with movement summaries for select species, can be found
in lafrate et al. (2019) and lafrate (2022).

In summary, from 2013 to 2025, the Canaveral Array recorded detections from 1,573
acoustically tagged animals representing 55 species, including 23 bony fishes, 11 rays, 17 sharks,
and 5 sea turtle species. These individuals were tagged by 41 organizations spanning a broad
geographic range from Nova Scotia to south Florida, as well as the northern Gulf of Mexico,
Yucatan Peninsula, and the Bahamas. More than 100 recently detected tags remain unmatched
to specific species or tagging programs but are retained for future identification.

In addition to manta rays, several ESA-listed species were detected, including 23 Atlantic
sturgeon (Acipenser oxyrinchus oxyrinchus), 32 smalltooth sawfish (Pristis pectinata), and 53 sea
turtles representing five species. Twenty-five of the detected species are managed under federal
fishery management plans and have designated Essential Fish Habitat (EFH) under the 1996
Sustainable Fisheries Act due to their commercial or recreational value.
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Table Al. Numbers of animals detected in the Canaveral Array (2013-2025) by species, receiver group,

and tagging organization.

Species in bold have local EFH designations. Species in underscore are listed under the US Endangered Species Act.
See lafrate et al. (2022) for more details on Canaveral Array design.

hypostoma

. . . . Shoal Dredge Control Reef Total
1

RESCes Tagging Agencies GUELES Sites Sites Sites Sites Detections
Bony Fishes - - - - - - -
Atlantic croaker Micropogonias BOEM 91 91 37 50 0 3,930
undulatus
Atlantic sturgeon Acipencer DESU, MU, USN, NCDMF,
oxyrinchus SCDNR, UGA, VIMS 23 20 2 7 4 2,239
Black drum Pogonias cromis HBOI, KSC 7 7 0 1 1 470
Bluefish Pomatomus saltatrix BOEM 48 48 4 1 2 5,933

. CMAST, FWC, KSC,
Cobia Rachycentron canadum NOAA, SCDNR, VIMS 92 81 25 39 75 22,441
Cubera snapper Lutjanus FWC ) ) 1 0 0 3
cyanopterus
False albacore Euthynnus NE Aquarium 4 4 0 0 0 85
alletteratus
Fio!lath grouper Epinephelus FIU, FSU, FWC, HBOI, 39 33 14 10 21 47,910
itajara Mote
Gulf flounder
Paralichthys albigutta UF 2 2 0 ! 0 86
Jack crevalle Caranx hippos FIU 1 1 0 0 0 30
King mackerel Scomberomorus BOEM 5 4 1 5 4 2138
cavalla
Permit Trachinotus falcatus BTT 1 1 0 0 0 116
Red drum Sciaenops ocellatus BOEM, GADNR, KSC, UF 92 92 80 65 45 1,104,520
Red snapper Lutjanus BOEM 15 2 0 2 15 1,561,932
campechanus
Sheepshead Archosargus NUWC ) ) 0 0 0 617
probatocephalus
Southern flounder
Paralichthys lethostigma SCDNR, UF 6 6 1 0 0 o84
(?ulf klr?gcroaker Menticirrhus KSC 1 1 0 0 0 29
littoralis
Spanish mackerel BOEM 30 30 10 7 1 1,058
Scomberomorus maculatus
Spot Leiostomus xanthurus BOEM 63 63 31 32 0 5,143
SFQphght parrotfish Sparisoma cu 1 1 0 1 1 165
viride
Summer flounder
Paralichthys dentatus UF 2 2 2 0 0 913
Tarpon Megalops atlanticus BTT 45 45 16 14 21 142,783
Tripletail Lobotes surinamensis GADNR, HBOI, USM 10 10 3 2 1 42,886
Rays - - - - - - -
Atlantic devil ray Mobula Mote 1 1 0 0 0 946
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cirratum

. . . . Shoal Dredge Control Reef Total
1
SESge Tagging Agencies gl Sites Sites Sites Sites Detections
Bluntnose stingray Hypanus say UF 6 6 3 0 1 3,934
Bullnose ray
Myliobatis freminvillei UF 2 2 ! 0 0 225
Clearnose skate Raja eglanteria UF 1 1 1 0 0 54
Cownose ray Rhinoptera FSU, HBOI, SERC, UF 74 73 37 38 47 23,938
bonasus
Oceanic manta ray Mobula cf. BOEM, MMF 32 32 12 16 24 29,742
birostris
Roughtail stingray Bathytoshia BOEM, MU 5 ) 1 1 0 416
centroura
smalitooth sawfish Pristis FWC, HBOI, NOAA 32 30 13 13 19 17,577
pectinata
Sn'woth butterfly ray Gymnura UF 25 25 9 1 0 24138
micrura
Southern stingray Hypanus UF 1 1 1 0 1 356
americana
Whitespotted eagle ray HBOI 13 13 6 7 4 7,149
Aetobatis narinari
Sharks - - - - - - -
Blacknose shark Carcharhinus BOEM, FSU, KSC 60 60 49 50 51 792,376
acronotus
Blacktip shark Carcharhinus BBFS, CCU, FAU, MU, 118 117 97 36 105 323398
limbatus SCDNR, SERC !
Bonnethead shark Sphyrna FSU, SCONR, UNC 50 45 11 19 35 16,631
tiburo
BBFS, BTW, CCU, CEl, FA,
Bull shark Carcharhinus leucas FIU, FSU, HBOI, Mote, 60 55 24 28 38 13,624
RSMAS, SERC, SOS

Dusky shark Carcharhinus Mote, SERC 5 5 1 5 5 30
obscurus
fmetooth shark Carcharhinus BOEM 55 55 49 38 a4 218,118
isodon
Great hammerhead Sphyrna BBFS, BTT, RSMAS 18 16 4 5 6 883
mokarran
Lem9n sh?rk Negaprion BBFS, BOEM, CCU, FIU, 88 88 37 31 31 111,117
brevirostris JU, KSC
Nurse shark Ginglymostoma BBFS, HBOI, RSMAS 13 10 3 5 10 2,401

Notes: BBFS = Bimini Biological Field Station, BOEM = Bureau of Ocean Energy Mgmt, BTT= Bonefish & Tarpon Trust, BTW = Beneath
the Waves, CCU = Coastal Carolina Univ., CEl = Cape Eleuthera Inst., CMAST = Center for Marine Sciences and Technology, CU =
Clemson Univ., DESU = Delaware State Univ., ECB = East Coast Biologists, Inc., FA = Fins Attached, FAU = Florida Atlantic Univ., FIU =
Florida International 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, MMF = Marine Megafauna Foundation, Mote = Mote Marine Laboratory,
MU = Monmouth Univ., NCDMF = North Carolina Div. Marine Fisheries, NE Aquarium = New England Aquarium, 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, SOS = Save our Seas, UF = Univ. Florida, UGA = Univ. Georgia, UNC = Univ. North Carolina Chapel Hill, UNCW = Univ. North
Carolina Wilmington, USM = Univ. Southern Mississippi, USN = U.S. Navy, VA Aquarium = Virginia Aquarium, VIMS = Virginia Institute of
Marine Science, WCS = Wildlife Conservation Society.
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Figure Al. Detections of acoustically tagged fish and sea turtles within the Canaveral Array by calendar
month 2013-2025.
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DOI protects and manages the Nation's natural resources and cultural
heritage; provides scientific and other information about those resources;
and honors the Nation’s trust responsibilities or special commitments to
American Indians, Alaska Natives, and affiliated island communities.

Bureau of Ocean Energy Management (BOEM)

BOEM'’s mission is to manage development of U.S. Outer Continental Shelf
energy and mineral resources in an environmentally and economically
responsible way.

BOEM Environmental Studies Program

The mission of the Environmental Studies Program is to provide the
information needed to predict, assess, and manage impacts from offshore
energy and marine mineral exploration, development, and production
activities on human, marine, and coastal environments. The proposal,
selection, research, review, collaboration, production, and dissemination of
each of BOEM'’s Environmental Studies follows the DOI Code of Scientific
and Scholarly Conduct, in support of a culture of scientific and professional
integrity, as set out in the DOl Departmental Manual (305 DM 3).
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