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1 An Introduction to Mobula birostris

1.1 Biology and Ecology

The giant oceanic manta ray, Mobula birostris (Walbaum, 1792), is one of the most charismatic species
of megafauna in the world, in large part due to their incredibly large size and gentle presence. Along with
all other species of sharks, rays, and chimaeras, M. birostris is classified as an elasmobranch, which
includes those species with cartilaginous skeletons, and currently contains 1,107 recognized species
(IUCN SSG, 2018). This is an incredibly diverse group, with a new species being discovered
approximately every 2 weeks on average (IUCN SSG, 2018).

Both oceanic and reef manta rays were categorized as Manta birostris until genetic data and newly
recognized morphological markers supported the recognition of two species: M. birostris and M. alfredi
(Marshall et al., 2009). A more recent taxonomic study suggested that Manta birostris and Manta alfredi
are closely related to the giant devil ray (Mobula mobular), with genetic evidence supporting placement
of these two species in the genus Mobula, thus eliminating the genus Manta (White et al., 2017; NOAA,
2019; Hosegood et al., 2020). The oceanic and reef manta ray are still recognized as two distinct species
but are now officially named Mobula birostris and Mobula alfredi.

Taxonomic history is important because there is a third species of manta that has been identified (M. cf.
birostris), with its range along the Atlantic Coast, Gulf of Mexico, and Caribbean (Marshall et al., 2009;
Hosegood et al., 2020). This third species looks very similar to M. birostris and is difficult to identify
without genetic testing. A manuscript describing this third species is expected in the near future, but for
the purposes of this study, we will refer to the study species as M. birostris, though it may prove to be M.
cf. birostris.

Mobula birostris is the largest species of ray in the world, with an average disc width (DW) between 13-
16 ft (Stevens, 2018) and a maximum DW of 23 ft (McClain et al., 2015). Similar to other rays, the
oceanic manta ray has a dorso-ventrally flattened body shape with the gills on their ventral side; this
flattened shape allows for efficient swimming as well as protection from predators (Stevens, 2018).
Unlike all other rays, which have ventral mouths, manta rays have terminal mouths. While feeding,
mantas unfurl their cephalic lobes in order to
efficiently detect and funnel their zooplanktonic
prey into their mouths, as seen in Figure 1. The
primary prey of M. birostris is likely to be
copepods, chaetognaths, and fish eggs (Graham et
al., 2012). After gathering a mouthful of food,
mantas close their mouths, forcing the water out
through rows of tiny rakes called gill plates, and
the food is then directed to the esophagus through
crossflow (Paig-Tran and Summers, 2014;
Stevens, 2018).

Figure 1. Mobula birostris feeding.
Photo by Desmond Paroz.



Mobula birostris is a widespread species found throughout the tropical, subtropical, and temperate
regions of the world’s oceans. Giant oceanic mantas spend a large portion of their time in the open ocean,
which makes them more elusive than their close relatives, the reef manta ray (Mobula alfredi). This
elusive nature has presented logistical obstacles to the study of this species, such that many aspects of
their life history remain unknown to science. Based on their close relation to the reef manta, scientists
assume the two species have similar ages of maturity (15 years for females; 9 years for males), lifespan
(~40 years), and reproduction (one live pup every 2-5 years) (Stevens, 2018). These aspects of life
history characterize manta rays as a K-selected species, meaning they are slow to mature, have low
reproductive rates with few offspring, and therefore low population growth potential (MacArthur and
Wilson, 1967; Pianka, 1970). These life history traits make them highly susceptible to a variety of
anthropogenic impacts because populations would be slow to recover.

Mantas are known to aggregate in large numbers (up to 100 individuals) in many areas (e.g., Mexico,
Mozambique, Maldives, and Hawaii) for courtship, breeding, and to visit cleaning stations (Anderson et
al., 2011; Deakos et al., 2011, Marshall et al., 2011, Graham et al., 2012). Breeding sites are also thought
to occur off Ecuador and the Galapagos Islands, due to the presence of apparently pregnant females and
mating scars (NOAA, 2019). Mating has rarely been documented within United States waters, but a
potential nursery ground was recently described off southeast Florida, from St. Lucie Inlet to Boynton
Beach Inlet (Pate and Marshall, 2020). This study also concluded that 98% of the mantas observed were
juveniles that displayed a high degree of site fidelity. This newly described area, and the high site fidelity
documented therein, could play a crucial role in illuminating additional life history information of this
elusive species and assist with determining critical habitat for an early life stage of this species.

1.2 Movements & Habitat Use

Many of the life history characteristics we attribute to M. birostris are inferred from their close relative,
the reef manta ray, M. alfredi, and, while these species most likely do share similarities in their life
history, it is difficult to properly implement conservation planning for a species with species-specific
knowledge gaps. Reproduction, life span, migration, and habitat use are a few of the knowledge gaps
pertaining to this species, all of which can have adverse impacts on conservation management initiatives;
ongoing research into this cryptic species is important for effective management both globally and
locally.

A better understanding of manta ray movements is crucial to defining critical habitat use, overlap with
anthropogenic activities, and then managing these interactions accordingly. A study off northern Peru
aimed to do this through the use of satellite tags (Andrzejaczek et al., 2021). Three mantas were tagged
and all three exhibited reverse diel vertical migration, conducting vertical movements that were
significantly deeper at night compared to daytime. An overall preference for surface habitats (< 2 m) was
observed, as well as fine-scale behaviors where individuals predominately remained in coastal surface
waters throughout the day and oscillated up and down through a highly stratified water column at night.
Two of the three mantas did not exceed a maximum depth of 85 m, while the third manta spent 0.65% of
its time at depths >100 m, reaching a maximum depth of 648 m (Andrzejaczek et al., 2021). The results
of the study suggested that coastal vertical movements were a result of a combination of foraging at depth
and thermal recovery near the surface. Although the study was specific to northern Peru, the results may
be indicative of behaviors and movements that may be expected of oceanic mantas off the Southeastern
United States (SEUS), albeit in more shallow water due to the depth limitations of the continental shelf
waters in that region.

Broad-scale migratory movements among oceanic manta rays are poorly understood in general, but
researchers have documented a few instances of long-distance migration, most of which were attributed to
foraging at seasonal upwelling events. Giant mantas tagged near Isla de la Plata, Ecuador, between 2010



and 2012 revealed some movements south towards Peru, while other animals were making migrations of
up to 1,500 km (straight-line distance) from Isla de la Plata to the Galapagos Islands. That study was also
the first to establish population connectivity between mainland Ecuador and the Galapagos Islands for
oceanic manta rays (Hearn et al., 2013).

Habitat use of manta rays remains an area of life history riddled with knowledge gaps. Large numbers of
juveniles have been caught by gill-net fisheries in offshore pelagic waters around Sri Lanka, landed by
fishermen in Brazil and Indonesia, and observed in oceanic habitats off Mexico (Stewart et al., 2016;
Stewart et al., 2018). Stewart et al (2017) suggested that adult and juvenile oceanic manta rays use similar
pelagic habitats, but that juveniles may not travel inshore where adults are commonly observed, due to
increased predation risk. Stable isotope analyses of tissue samples from adults and juveniles off Peru, Sri
Lanka, and the Philippines provided evidence that this species may not experience an ontogenetic shift in
feeding behavior or trophic level, with adults and juveniles sharing similar habitats and prey (Stewart et
al., 2017).

1.3 Threats

In 2020, the International Union for the Conservation of Nature (IUCN) classified Mobula birostris as
“Endangered,” highlighting the increased threat of extinction that this species faces (Marshall et al.,
2020). Giant mantas are targeted by both industrial and artisanal fisheries utilizing a variety of capture
methods such as harpoons, drift nets, purse seine nets, gill nets, trawls, and longlines. This species is easy
to target due to its large size and slow swimming speed. M. birostris is primarily targeted for meat and
gill plates; the latter is highly valued among Southeast Asian medicinal markets. Typically, their meat is
consumed locally, in either fresh or dried forms, but the demand in Asia for gill plates is a direct reason
for the increased fishing pressure and observed rapid population declines (Stevens, 2018). The demand
for mobulid rays, including M. birostris, is documented in recorded landings, which are typically a
conservative estimate due to illegal, unreported, and unregulated (1UU) fishing. From 2000 to 2007, the
global landings of manta and devil rays increased from 900 tons to 3,300 tons (Trends in Global Shark
Catch, 2009). In addition to targeted fisheries, bycatch is a frequent threat for this species. According to
the Inter-American Tropical Tuna Commission (IATTC), an average of 135 M. birostris individuals per
year was recorded as bycatch from purse seine vessels from 1993-2015 (Miller and Klimovich, 2017;
Marshall et al., 2020).

The drastic increase of M. birostris landings and bycatch has resulted in severe population declines.
Among well-studied populations in Mozambique and Costa Rica, a 94% and 81% decline were
documented over a 15-year and 21-year period, respectively (White et al., 2015; Rohner et al., 2017).
Both of these timeframes are less than a generation length (29 years) and, therefore, cause for concern.
Based on current trends, it is suspected that the global population of M. birostris will decline by 50-79%
over the next three generations (87 years) (Marshall et al., 2020). These unsustainable declines prompted
international efforts to manage this species through listings with the Convention of Migratory Species of
Wild Animals (CMS), Convention on International Trade of Endangered Species of Wild Flora and Fauna
(CITES), and the Endangered Species Act of the United States (ESA) (CMS, 2011; CITES, 2014; NOAA,
2019).

Manta rays face additional anthropogenic threats, such as recreational boating, recreational fishing, and
divers. Pate and Marshall (2020) found that 46% of the mantas in their study were injured: 30%
presumably from boat propellers, 30% from fishing line, 27% from an unknown cause, and 12% from
shark bites (Pate and Marshall, 2020). All documented propeller injuries were on the dorsum, with one
documentation of a propeller cutting through the ventral side as well, while 80% of fishing line injuries
occurred on the pectoral fins. A female manta mortality occurred outside of their study site after the
manta ray was entangled in a vessel exclusion line (steel cable) and drowned.



The overlap of manta rays and anthropogenic activities have also been documented for SCUBA divers.
Mantas are usually a highlight for divers, but accidents resulting in harm to the diver or manta have
happened. In 2006, a professional diver using surface supply for air was deployed for platform
maintenance. As he began his ascent, at approximately 150 ft deep, a large manta ray became entangled in
the dive hose and rapidly pulled the diver to the surface. The diver was rushed to a decompression
chamber but ultimately died (E. Hoffmayer, personal communication, 2021). Although instances like this
are incredibly rare, it may warrant future studies in order to mitigate risks for both manta rays and people.

1.4 Listing Mobula birostris on the Endangered Species Act

Mobula birostris was listed as “Threatened” on the ESA in 2018 (NOAA, 2018). Five factors are taken
into consideration prior to the listing of a species:

1. Present or threatened destruction, modification, or curtailment of its habitat or range

2. Overutilization of the species for commercial, recreational, scientific, or educational purposes
3. Disease or predation

4. Inadequacy of existing regulatory mechanisms

5. Other natural or manmade factors affecting its continued existence

The listing determinations are based solely on the best scientific and commercial information available;
no economic impacts are considered in this process (NOAA, 2020). The petition listing process begins
with a petition from an organization or individual requesting that a species be listed as endangered or
threatened; be reclassified; or be delisted. The process following the receipt of that petition is shown in
Figure 2 (NOAA, 2020). In addition to the petition process, NOAA can implement a self-initiated
process to examine the status of a species, and this process does not have the same statutory deadlines as
the petition process. The self-initiated process is shown in Figure 3 (NOAA, 2020).

The final ruling for M. birostris was issued on January 22, 2018, resulting in a listing of “Threatened” due
to overutilization for commercial purposes (NOAA, 2018). Due to the immense fishing pressure and
incidental bycatch throughout their range, coupled with declines in sightings and landings, a listing of the
oceanic manta ray was deemed necessary. In the 2018 decision, NOAA acknowledged there was
considerable uncertainty regarding current abundance of oceanic manta rays, but the available data
indicated that the species was likely to become endangered throughout significant portions of its range
(NOAA, 2020).
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2 Overview of Relevant Research

2.1 Telemetry

Telemetry is one of the most valuable approaches when it comes to filling knowledge gaps for a variety of
terrestrial and marine species. By using tags equipped with a variety of sensors, scientists can better
understand animal movements and behaviors. Tag selection varies based on the questions being
investigated and the type of data being collected. Some of the most common are satellite and acoustic
tags. Satellite tags are attached externally and use satellites from the CLS/ARGOS array to relay live or
archived location information. Some satellite tags can also collect additional data, such as depth, light,
and temperature (Wildlife Computers Inc., 2020), which further informs movements and behaviors.
Acoustic tags are attached externally or implanted internally and need to be accompanied by a fixed
network of acoustic receivers deployed in the study area, which detects coded ultrasonic signals from
each tag as animals move through the array. These two common tag types have provided a plethora of
data pertaining to manta rays, including site fidelity and restricted movements (Stewart et al., 2016),
habitat preferences for relatively shallow water (Graham et al., 2012), and a lack of overlap among core
habitat preferences and marine protected areas (MPA) in the Western Central Atlantic (WCA) (Garzon et
al., 2020). Telemetry is useful for effective conservation planning because it demonstrates where animals
spend their time, information that can then be related to any threats that may result from those spatial
preferences (e.g., shipping lanes, fishery activities).

2.2 Habitat Modeling

Habitat modeling is a useful tool for better understanding variables that may influence the presence or
absence of a species. Mobula birostris habitat use in the WCA was recently analyzed by Garzon et al.
(2020) using a type of habitat modeling called ecological niche modeling (ENM, also known as species
distribution modeling). Their model indicated a seasonality between coastal and offshore habitat
preference, with depth, bathymetric slope, chlorophyll-a, and nighttime sea surface temperature (NSST)
as the four driving variables. Garzon et al. (2020) observed a coastal core habitat preference in the spring-
summer and an open ocean preference during autumn-winter. Their model determined chlorophyll-a to be
the most important factor influencing the species movements. Although this study used M. birostris
locations from satellite detections, online databases, and social media records as inputs for the model,
they were unable to take three-dimensional depth use into account, and the authors acknowledged that
three-dimensional data from sources such as an open-source inertial measurement unit (IMU) would be
helpful for more accurate predictions (Garzon et al., 2020).

A previous study aimed at modeling M. birostris distribution off the northeastern Yucatan Peninsula
determined that primary production was the most influential variable affecting distribution, followed by
distance to the coast (Hacohen-Domené et al., 2017). Primary production was the most influential
variable from July to August, when manta observations were highest, but distance to coast followed by
sea surface temperature (SST) became most influential factors starting in September. Their maximum
entropy model (Maxent) also determined that most manta aggregation sites occur in shallow waters close
to the coast, with low bottom slopes. Predictive modeling for distributions and habitat preferences is an
efficient and effective approach to better understanding species biology and ecology, which directly
impacts management strategies and protective measures at the local and global level. It is a helpful tool
for piecing together the entire picture of a species’ life history that may otherwise be difficult to study.



2.3 Site Fidelity & Migration

Site fidelity and migration for oceanic manta rays are still poorly understood relative to other marine
megafauna species, but studies have documented that both broad and small-scale migrations are part of
their life history (NOAA, 2019). Broad-scale migration seems primarily due to foraging that correlates
with seasonal upwellings and SST (Luiz et al., 2008; Couturier et al., 2012; Girondot et al., 2014; Sobral
and Afonso, 2014; De Boer et al., 2015; Armstrong et al., 2016; Hacohen-Domené et al., 2017). An SST
range of 25.1 to 30.06° Celsius and surface chlorophyll-a concentration range of 0.14 to 0.76 mg/m? seem
to occur with increased manta presence (Graham et al., 2012). Through satellite tagging, broad migrations
of over 1,000 km have been documented from Ecuador to the Galapagos Islands, and from Mozambique
to South Africa (Marshall et al., 2011; Hearn et al., 2013). Additional migratory destinations include the
Azores, French Guiana, the Gulf of Mexico, Brazil, and the SEUS (Luiz et al., 2008; Graham et al., 2012
Sobral and Afonso, 2014; Girondot et al., 2014; Webb, H., unpublished data). However, the origins and
migratory routes for the mantas at many of these locations remain unknown (NOAA, 2019).

A 2018 study examined genetic diversity of manta rays at Isla de la Plata, Ecuador from 2010 to 2013
(Sotelo, 2018). Twenty-four individuals were sampled in 2013 and compared to 57 individuals that were
sampled from 2010-2012. The study found a moderately high degree of genetic diversity, comparable to
other species known to undertake long-distance migrations. The study concluded that the 2013 samples
represented a different population than the individuals sampled from 2010-2012. The authors noted that
copepod density peaked two months later in 2013 than in previous years, which may be a factor in a
different manta population foraging compared to previous years. The results also suggested that manta
rays may migrate in family groups and may not consistently visit the same areas (Sotelo, 2018).

Although there are documented broad-scale migrations, other studies have also confirmed high degrees of
residency and site fidelity. Six manta rays were tagged in the Gulf of Mexico (four females, one male, one
juvenile), and their movements were tracked for a maximum of 64 days. The tracks showed no clear
migratory route, with the majority of the tracks more than 20 km from shore, in water depths of less than
50 m, and with a distance of 116 km traveled from the original tagging location. The study concluded that
these mantas forage on a large spatial scale (~100 km) that is too far offshore and too wide-ranging to be
protected within Mexico’s MPA networks. Their data highlighted a high degree of site fidelity and
association with frontal zones (Graham et al., 2012).

Seasonal sites for the oceanic manta ray have been documented around the world, including the Yucatan
Peninsula, French Guiana, and sites in the Indian Ocean, but many knowledge gaps still remain regarding
migration and site fidelity (Dewar et al., 2008; Anderson et al., 2011; Kashiwagi et al., 2011; Graham et
al., 2012; Girondot et al., 2014). It is evident that broad and small-scale migrations are important to this
species, and, although environmental cues such as SST and primary production seem to be a factor
correlated with manta presence, many unknowns persist as to why some populations display broad
migratory patterns while others do not. Further research is needed to better understand these life history
traits and why there appears to be such variability among populations.



3 Marine Mineral Extraction

3.1 Marine Minerals Program Background

The Bureau of Ocean Energy Management (BOEM) Marine Minerals Program (MMP) partners with
communities to address issues such as erosion along coastal beaches, dunes, barrier islands, and wetlands
(BOEM, 2012). To accomplish this, BOEM is the Federal entity authorized to manage and lease minerals
from the Outer Continental Shelf (OCS). The MMP leases non-energy minerals—such as sand, gravel,
and/or shell resources—in order to assist with beach nourishment, shore protection, and wetland
restoration (BOEM, 2020a). Leased minerals are removed from the OCS by dredge, then usually pumped
to shore using a temporary pipeline. Dredging for sand usually occurs in areas < 30-m depth, though
BOEM often buffers this depth to 50 m for studies, as highlighted in Figure 4, to account for future
advances in dredge technology (D. Hansen, personal communication, 2021).

im

| e = @ BOEM
Il Depths Accessible to Dredging (<50m) | | BOEM Jurisdiction

i
Figure 2. Areas of less than 50-m depth, where BOEM MMP operates.

3.2 Sand Dredging

Sand dredging is the method most commonly used to renourish beaches in the SEUS, including in the
Canaveral Shoals area of Florida. A trailing suction hopper dredge (TSHD), shown in Figure 5, is the
equipment most often used in this area. TSHD vessels operate at 3-5 km hr* (1.5-3 kn) while an onboard
dredge pump creates suction that is transmitted through 1-3 pipes leading to each pipe’s draghead, each
of which is 1.5-4 m in width and lies on the seafloor (Michel et al., 2013). Sand is suctioned through the
trailer arm pipe and into the hopper, which is located in the hull of the ship. After suction, the dredge
moves to a stationary in-water pump-out station to pump sand to shore via pipelines. An illustrative



visualization of the TSHD (https://www.youtube.com/watch?v=nfhUCoJX5Vq) demonstrates the
equipment in operation; however, U.S. techniques differ somewhat.

Figure 3. A trailing suction hopper dredge (TSHD) and its primary components for operation.

3.3 Potential Environmental Impacts

Sand dredging can result in a variety of impacts to the environment, including increased noise, alterations
to the food web, increased suspended sediment, sedimentation of the seafloor, and loss of prey (Kim et
al., 2008; Suedel et al., 2008; Wenger et al., 2017). The environmental impacts most likely to affect
manta rays are turbidity, removal of prey, and noise (D. Hansen, personal communication, 2021). The
MMP has an environmental stewardship program that functions to assess impacts, identify knowledge
gaps, and conduct research in order to minimize impacts and guide mitigation efforts (BOEM, 2020a).
Unintentional interactions with species, especially slow-growing species with low-fecundity, can have an
adverse impact on local populations. In order to fully consider potential impacts, BOEM’s environmental
stewardship has two core focus areas: environmental assessments and environmental science.
Environmental assessment evaluates impacts from activities at public, Federal, state, and tribal
government levels (BOEM, 2020b), whereas environmental science is to obtain the best available data
and information about environmental resources. These two core foci combine to form an assessment that
determines what new science, if any, is still needed (BOEM, 2020b).

Through project assessments, BOEM determined that activities related to MMP leases, such as dredging
and trawling, may interact with ESA-listed manta rays. BOEM is therefore executing research to help
determine the risk of potential impacts to manta rays and considering ways to minimize or mitigate these
interactions.


https://www.youtube.com/watch?v=nfhUCoJX5Vg
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Figure 4. BOEM Environmental stewardship graphic highlighting
environmental assessment process.

3.4 Preventative Trawling

Prior to dredging, relocation trawling may be conducted to mitigate the risk of interaction of THSD with
federally protected, ESA-listed sea turtles, which were previously found to be vulnerable to direct
entrainment by dredging operations (BOEM, 2015). Trawling is often conducted 1 to 3 days prior to
dredging. Trawling tow times are required to be less than 42 minutes and must not exceed 3.5 kn, in order
to decrease stress to captured animals (BOEM, 2017). Preventative trawling is a highly focused activity in
space and time that can result in overlap and increase risk of interaction with non-targeted species, such as
manta rays. In the SEUS, manta rays have been observed in the vicinity of trawling activities in 2017 and
2018 (BOEM, 2018). Although there are no records of mantas being captured in BOEM preventative
trawls, the trawls are the same type used by shrimp trawlers throughout the SEUS, and mantas have been
documented being captured in these trawls. Significant injury and death have been documented from
these captures (C. Horn, personal communication, 2021). As a result of M. birostris being listed on the
ESA, an interagency cooperation, identified in Section 7 of the ESA, provides the mechanism by which
Federal agencies ensure their actions do not jeopardize the existence of any listed species (BOEM, 2017).
For this reason, a better understanding of any potential spatial and/or temporal overlap between Mobula
birostris and BOEM’s activities is warranted.
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4 Cooperative Study with BOEM and Georgia Aquarium (GAIl)

4.1 Study Objectives & Background

The objective of this study is to understand how movements and site fidelity of ESA-listed Mobula
birostris affect the risk of this species interacting with BOEM’s marine mineral extraction or associated
mitigation activities in the SEUS. Elucidating habitat use patterns and current life history gaps for this
species will allow BOEM to implement appropriate future mitigation policies accordingly. Previous
information about M. birostris off the SEUS is not sufficient for understanding the drivers of movement
or residency patterns and therefore is not sufficient for
informing mitigation policies. Although there are many
knowledge gaps surrounding M. birostris, including
migration and site fidelity, they are regarded as a
broadly migratory species, which also means that highly
localized impacts on manta rays may have regional or
international impacts for this species. For this reason, a
better understanding of SEUS manta ray habitat use,
fine-scale movements, and migrations is crucial. To
accomplish the objectives of the study, we will be using
a combination of techniques including satellite,
acoustic, and IMU telemetry, as well as BOEM’s
Liquid Robotics wave glider, Autonomous Surface
Vehicle (ASV) Melvin, an autonomous aquatic vehicle
that provides a platform for prolonged data acquisition
with real-time relay in coordination with National
Aeronautical and Space Administration (NASA)

. . . Figure 5. Wildlife Computers fin-
Ecological Services. We plan to deploy 30 acoustic, 10 mou?]ted satellite SPOT/EPLASH tag.

satellite, and 10 IMU tags for this study with a goal that
some manta rays will carry multiple tag types
simultaneously.

4.2 Satellite Telemetry

Satellite tags are capable of providing location data when the animal breaks the surface, and the tag is
able to communicate to a land-based station through the ARGOS satellite network. Satellite tags have also
been successfully used for regional and ocean basin scale studies (Gunn and Block, 2001). These tags are
able to provide near real-time location data and, in the case of SPLASH tags, the type of satellite tag that
will be used in this study, can relay additional behavioral information such as depth of diving behavior
and water temperature at the surface as well as at depth. From analysis of these data, we will develop a
clearer understanding of where these animals move, both at the surface and throughout the water column.
We will be attaching a satellite tag similar to the Wildlife Computers fin-mounted SPOT/SPLASH tag,
seen in Figure 7, to the dorsal fin using nylon bolts at four points of attachment, a method that has
previously proven successful for reef manta rays, M. alfredi, in Sudanese Red Sea waters (Kessel et al.,
2017). Using the bolt-mounting method, we anticipate a tag mission length of approximately one year,
which should provide one complete annual movement pattern.
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Figure 6. Canaveral acoustic array.

4.3 Acoustic Telemetry

Acoustic telemetry requires two components—an acoustic transmitter and an acoustic receiver. Animals
can be externally or internally tagged with a transmitter with individual identification numbers, which
will be logged by receivers when the animal is close enough for the receiver to detect the transmitter.
Receivers must be regularly maintained, and the data downloaded. The Atlantic coast of Florida has an
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extensive array of acoustic receivers near Canaveral
Shoals, shown in Figure 8, as well as the Florida
Atlantic Coast Telemetry (FACT) network of
collaborators. We will take advantage of this existing
array by using Vemco V16 and V9 acoustic
transmitters, seen in Figure 9. V16 transmitters will
be surgically implanted into the coelom (body cavity)
of juvenile manta rays via a small (~ 2 cm) incision
on the ventral side of the animal; this incision will be
closed with sutures. Implanted transmitters have a
battery life of up to 10 years, and a surgical insertion
will make it possible to track movements as the
juveniles grow and mature into adulthood, including
any ontogenetic changes in habitat usage. Adult
manta rays will be externally tagged with a V9
transmitter on their dorsal side using a pole spear and
an intradermal dart tag. Superficial tag attachment
methods, similar to our proposed V9 attachment for
adult manta rays, result in a shorter tag duration due
to animals shedding tags. For that reason, we
anticipate the V9 to have a shorter mission length of 800-900 days.

Figure 7. Vemco acoustic transmitters.

4.4 Inertial Measurement Unit (IMU) Telemetry

An IMU is an electronic device used to measure acceleration, pitch, roll, and heading. Tri-axial IMU’s are
composed of three accelerometers, three gyroscopes, and often a magnetometer (Larey et al., 2019). They
were initially developed for navigational systems; however, bio-logging IMUs have been miniaturized for
consumer application and most recently used to quantify body orientation and motion in a range of
diverse taxa (Cade et al., 2020). With
the use of GPS positions as geo-
reference points for the start and finish,
animal tracks between positions can be
estimated using IMU to integrate
speed, pitch, and heading changes.
Fine-scale behaviors and habitat use,
such as foraging and feeding, vertical
movement, social interactions, stress
resulting from capture, response to
stimuli, physiology, and reproduction,
can be differentiated and correlated
with temporal and spatial parameters

(Thomson and Heithaus, 2014; Tyson
etal., 2017; Cade et al., 2020). Figure 8. Loggerhead Instruments Open Tag IMU.

We will use Arduino-based open IMU tags (Loggerhead Instruments), as seen in Figure 10, to determine
fine-scale behavior and CATScam IMU tags (CATS Inc.), which incorporate high-definition video, to
verify correlations between specific behaviors to their signatures in IMU data. We plan to attach these
tags on the animal’s dorsal surface using suction cups aided by peanut butter, a method that has
previously proven effective and successful (Stewart et al., 2019). We will overlay animal habitat use and
fine-scale behavior with preventative trawling and other mitigation activities to generate spatially explicit
heat maps that allow us to better understand potential risk.
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5 Workshop

5.1 Workshop Summary

A virtual data gathering and synthesis workshop was conducted January 11-12, 2021, with the assistance
of Carrie Kappel, LLC, as facilitator. Experts from academia, government, and non-profits convened in
order to summarize where knowledge about M. birostris currently stands and to better understand any
ongoing research and how it may be informative or useful for the upcoming cooperative research study at
Canaveral Shoals. Several presentations were given to stimulate discussions about various aspects of the
study, including the topics of tagging, habitat modeling, animal handling, and environmental data
collection. A collaborative shared notes document contains the workshop minutes as well as saved video
recordings of both days. The workshop was productive and yielded recommendations from experts that
may not have been considered otherwise. By the end of the workshop, it was agreed to postpone our
fieldwork until Spring 2022 due to the impacts of the Covid-19 pandemic in relation to the timing of
potential field work.

5.2 Aerial Surveys

Despite postponing boat-based fieldwork operations, we will begin in 2021 our aerial survey efforts,
which will establish a baseline of manta abundance within the study site. These baseline data will be
informative for future fieldwork planning. We will be collaborating with the non-profit Marine
Megafauna Foundation (https://marinemegafauna.org/) to combine our respective aerial survey efforts in
order for both organizations to benefit from additional sightings data. Approximately one flight will be
flown every 10 days, for a total of 13 flights, weather and shuttle launches permitting, from late
February/early March to the beginning of May. During previous survey efforts, manta numbers in this
area have been highest in March, with a continued presence through April. We will also be recording
environmental data such as sea state, glare, and SST to find any potential correlations between those
environmental factors and manta presence/absence.

Based on workshop discussions, it was recommended that aerial observations also happen simultaneously
with fieldwork to aid with spotting mantas and directing boat operators to their location. Most likely, we
will use a drone based on a fieldwork vessel in order to gain this vantage point and relay approximate
animal locations to the fieldwork team. This additional perspective is likely to increase our chances of
capturing and handling mantas to deploy tags, but some of the fieldwork crew will need to be trained to
pilot a drone for this to be a feasible option.

5.3 Tagging Methodology

By using aerial surveys, we will be able to better plan our fieldwork activities for Spring 2022 to deploy
tags. We plan to deploy 10 satellite tags, 10 IMU tags, and 30 acoustic tags throughout the duration of the
study. As previously mentioned, satellite tags will be attached to the dorsal fin via a bolt-on method that
proved successful during a study of Mobula alfredi in the Red Sea (Kessel et al., 2017). We expect this
method to provide a mission length of approximately one year. IMU tags will be applied to the dorsal side
of a wing with a suction cup aided by smooth peanut butter, a method that was effective in a previous
manta ray study (Stewart et al., 2019). IMU tags will have short mission lengths of approximately 3-5
days, due to the high resolution of data that they collect, which results in data payloads that exceed the
capacities of ARGOS satellite bandwidth. Acoustic tags will be surgically inserted in juveniles and
externally attached in adults. We anticipate a maximum mission length of 10 years for implanted tags,
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based on Vemco V16 battery life, and a shorter mission length of 800-900 days for externally attached
tags (Vemco, 2021).

During the workshop IMU presentation, participants began a discussion about the benefits of using manta
rays in the GAI collection to conduct method development studies to improve the chances of success
during subsequent field operations. We plan to explore this opportunity and hope to attach IMU tags to at
least one of the manta rays in the Ocean Voyager exhibit and collect simultaneous behavioral
observational data to ground truth the sensor data gathered by the IMU tag. There are no published data
for manta ray wingbeat detections via IMU (D. Cade, personal communication, 2021). If we can detect
wingbeats via IMU and validate those detections with observational data, it will help with better
determining behavioral IMU data from wild tagged manta rays. We will submit two applications to the
GAI Institutional Animal Care and Use Committee
(IACUC) in order to begin the approval process for using in-
house animals and wild animals as part of this research
project.

Workshop discussions included the potential method of free-
hooking mantas. Dr. Steve Kessel used this method for his
Red Sea studies with M. alfredi and found it to be effective
and potentially less injurious than other capture methods,
such as seine netting (Kessel et al., 2017). For this method, a
hook is thrown in front of a manta ray in order to catch the
animal. Once hooked, the manta is able to swim and tire
itself, making handling safer for both the animal and the
researchers. The animal is immediately released after
sampling and based on previous observations, does not seem 8.00m
to be affected by the method; animals were observed
exhibiting usual behaviors, such as feeding, soon after
capture and release (S. Kessel, personal communication,
2021). We plan to include this method in our project IACUC
application, as it seems the most feasible form of capture for
adult mantas, which will likely take place in deeper water
than for their juvenile counterparts.

5.4 Liquid Robotics Wave Glider _ —

The use of BOEM’s ASV Melvin, a wave glider produced by 2 20m ‘
Liquid Robotics (Figure 11), allows for extended sampling )

range to assist with this study. The ASV is powered by Figure 9. Liquid Robotics Wave
waves and solar energy and follows pre-determined survey Glider Model

transects to collect a variety of environmental data. Equipped

with an array of sensors, ASVs have been widely used for environmental monitoring tasks such as passive
acoustic monitoring for cetaceans and fish tracking (Carlson, 2015; Bittencourt et al., 2018).

While on a mission, the wave glider is able to stream data via satellite and is piloted by trained personnel
via a web browser interface. The variety of sensors used, collectively referred to as the scientific payload,
can include a Vemco acoustic receiver and temperature, oxygen, chlorophyll, turbidity, and passive
acoustic recorders (Liquid Robotics, 2018). This tool affords the ability to monitor movements beyond
the boundaries of the fixed receiver array, collect environmental data, and characterize surrounding
soundscapes. As of our workshop, ASV Melvin has detected 20 different acoustically tagged species, such
as sharks, cobia, and mantas, and has recorded 320 animal encounters (B. Ahr, personal communication,
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2021). The average deployment is 25 days with an average speed of 1.2 kn (B. Ahr, personal
communication, 2021). By using ASV Melvin, we will acquire additional fine-scale data to better
understand habitat characteristics where mantas may be found. Three GAI staff will be trained to pilot the
ASV Melvin and will plan to begin using the wave glider in 2021.

5.5 Workshop Conclusions

After the workshop, it was clear a combination of tag types (acoustic, satellite, IMU) would yield the
greatest amount of data, but because of extended battery life and the manta life stages that may be
included as a result, we determined a need for emphasis on acoustic tags. In addition to the multiple life
stages they may capture, they are more cost effective than their satellite and IMU counterparts. Our goal
is to deploy all three tag types and collect both spatial and behavioral data, but due to available acoustic
telemetry infrastructure, such as ASV Melvin, the Canaveral acoustic array, and FACT network, a priority
will be given to acoustic tags.

During our fieldwork postponement, we plan to attach IMU tags to manta rays housed at GAI in order to
refine attachment methodology as well as establish baseline data points that can be validated with
behavioral observations. We will use the attachment methodology of a suction cup aided by smooth
peanut butter, a method proven successful in previous studies (Stewart et al., 2019).

Prior to commencing fieldwork, additional conversations are needed to better understand specific data
requirements for desired outputs, such as habitat modeling. Further discussions with experts at Canaveral
Shoals and BOEM will clarify specific data requirements for statistical analysis, modeling outputs, and
management needs.

6 Conclusion

Due to our fieldwork postponement, next steps will be training GAI staff to pilot the ASV Melvin; proceed
with testing IMU tag attachment on manta rays housed at GAI; begin the permitting process at the
national level to ensure accessibility to Canaveral Shoals National Seashore; and begin aerial surveys to
determine seasonality of M. birostris in our study site to better guide our fieldwork planning for Spring
2022.

The combination of technology and expertise in the project will facilitate a unique opportunity to better
understand fine-scale drivers of manta ray movement and ecology, and though this data will be used to
implement future BOEM mitigation policies, it will also help advance our current scientific understanding
of an elusive, endangered, and poorly understood species. Our hope is to meet our project goals while
collecting quality data that may assist future studies and conservation efforts pertaining to this endangered
species.

16



7 Literature Citations

Anderson RC, Shiham AM, Goes JI. 2011. From monsoons to mantas: seasonal distribution of Manta
alfredi in the Maldives. Fisheries Oceanography, 20(2), 104-113. https://doi.org/10.1111/j.1365-
2419.2011.00571.x

Armstrong AO, Armstrong AJ, Jaine FRA, Couturier LIE, Fiora K, Uribe-Palomino J, Weeks SJ,
Townsend KA, Bennett MB, Richardson AJ. 2016. Prey density threshold and tidal influence on reef
manta ray foraging at an aggregation site on the Great Barrier Reef. PLOS ONE. 11(5):e0153393.
https://doi.org/10.1371/journal.pone.0153393

Andrzejaczek S, Schallert RJ, Forsberg K, Arnoldi NS, Cabanillas M, Purizaca W, Block BA. 2021
Reverse diel vertical movements of oceanic manta rays off the northern coast of Peru and implications for
conservation. Dryad Digital Repository, https://doi.org/10.5061/dryad.4j0zpc89t

Bittencourt L, Soares-Filho W, de Lima IMS, Pai S, Lailson-Brito J, Barreira LM, Azevedo AF, Guerra
LAA. 2018. Mapping cetacean sounds using a passive acoustic monitoring system towed by an
autonomous Wave Glider in the Southwestern Atlantic Ocean. Deep Sea Research Part I: Oceanographic
Research Papers. 142:58-68. https://doi.org/10.1016/j.dsr.2018.10.006

[BOEM] Bureau of Ocean Energy Management. 2012. Marine minerals | Bureau of Ocean Energy
Management. Washington (DC): U.S. Department of the Interior, Bureau of Ocean Energy Management;
[2020, November 20]. https://www.boem.gov/marine-minerals

BOEM. 2015. BOEM Environmental Studies Program: Studies Development Plan Fiscal Years 2016-
2017. Washington (DC): U.S. Department of the Interior, Bureau of Ocean Energy Management; [2020,
November 15]. https://www.boem.gov/sites/default/files/environmental-stewardship/Environmental-
Studies/SDP_FY?2016-17FINAL edit1-%281%29.pdf

BOEM. 2017. Overview of environmental compliance: restoring and protecting our nation’s coasts
through stewardship of OCS resources. [Slides]. Washington (DC): U.S. Department of the Interior,
Bureau of Ocean Energy Management; [2020, November 20].
https://www.boem.gov/sites/default/files/non-energy-minerals/015_Bucatari BOEM_MidASMWG.pdf

BOEM. 2018. Environmental Studies Program: Studies Development Plan Fiscal Years 2020-2022.
Washington (DC): U.S. Department of the Interior, Bureau of Ocean Energy Management; [2020,
November 21]. https://www.boem.gov/sites/default/files/documents/environment/environmental-
studies/MM-20-03.pdf

BOEM. 2020a. A citizen’s guide to the Bureau of Ocean Energy Management’s marine minerals leasing.
Washington (DC): U.S. Department of the Interior, Bureau of Ocean Energy Management; [2020,
November 18]. https://www.boem.gov/sites/default/files/documents/marine-minerals/Marine-Minerals-

Guide.pdf

BOEM. 2020b. Environmental stewardship: integrating science, policy, and decision making. Washington
(DC): U.S. Department of the Interior, Bureau of Ocean Energy Management; [2020, November
18].https://www.boem.gov/sites/default/files/boem-newsroom/Env-Stewardship-Factsheet.pdf

Cade DE, Levenson JJ, Cooper R, de la Parra R, Webb DH, Dove ADM. 2020. Whale sharks increase
swimming effort while filter feeding but appear to maintain high foraging efficiencies. The Journal of
Experimental Biology. 223(11):jeb224402. https://doi.org/10.1242/jeb.224402

17


https://doi.org/10.1111/j.1365-2419.2011.00571.x
https://doi.org/10.1111/j.1365-2419.2011.00571.x
https://doi.org/10.1371/journal.pone.0153393
https://doi.org/10.5061/dryad.4j0zpc89t
https://doi.org/10.1016/j.dsr.2018.10.006
https://www.boem.gov/marine-minerals
https://www.boem.gov/sites/default/files/environmental-stewardship/Environmental-Studies/SDP_FY2016-17FINALedit1-%281%29.pdf
https://www.boem.gov/sites/default/files/environmental-stewardship/Environmental-Studies/SDP_FY2016-17FINALedit1-%281%29.pdf
https://www.boem.gov/sites/default/files/non-energy-minerals/015_Bucatari_BOEM_MidASMWG.pdf
https://www.boem.gov/sites/default/files/documents/environment/environmental-studies/MM-20-03.pdf
https://www.boem.gov/sites/default/files/documents/environment/environmental-studies/MM-20-03.pdf
https://www.boem.gov/sites/default/files/documents/marine-minerals/Marine-Minerals-Guide.pdf
https://www.boem.gov/sites/default/files/documents/marine-minerals/Marine-Minerals-Guide.pdf
https://www.boem.gov/sites/default/files/boem-newsroom/Env-Stewardship-Factsheet.pdf
https://doi.org/10.1242/jeb.224402

Carlson R. 2015. Tracking tagged fish using a wave glider. [Slides]. OCEANS — MTS/IEEE Washington
(DC): U.S., pp. 1-5, https://doi.org/10.23919/0CEANS.2015.7404617

[CITES] Convention on the International Trade in Endangered Species. 2014. History of CITES listing of
sharks and rays | CITES. [2021, January 8]. https://cites.org/eng/prog/shark/history old.php

[CMS] Convention on the Conservation of Migratory Species of Wild Animals. 2011. Manta birostris |
CMS. [2021, January 8] https://www.cms.int/en/species/manta-birostris

Couturier LIE, Marshall AD, Jaine FRA, Kashiwagi T, Pierce SJ, Townsend KA, Weeks SJ, Bennett MB,
& Richardson AJ. 2012. Biology, ecology and conservation of the Mobulidae. Journal of Fish Biology,
80(5), 1075-11109. https://doi.org/10.1111/j.1095-8649.2012.03264.x

De Boer MN, Saulino JT, Lewis TP, & Notarbartolo-Di-Sciara G. 2015. New records of whale shark
(Rhincodon typus), giant manta ray (Manta birostris), and Chilean devil ray (Mobula tarapacana) for
Suriname. Marine Biodiversity Records. 8:1-8. https://doi.org/10.1017/s1755267214001432

Deakos MH, Baker JD, & Bejder L. 2011. Characteristics of a manta ray Manta alfredi population off
Maui, Hawaii, and implications for management. Marine Ecology Progress Series. 429:245-260.
https://doi.org/10.3354/meps09085

Dewar H, Mous P, Domeier M, Muljadi A, Pet J, & Whitty J. 2008. Movements and site fidelity of the
giant manta ray, Manta birostris, in the Komodo Marine Park, Indonesia. Marine Biology, 155(2):121—
133. https://doi.org/10.1007/s00227-008-0988-x

Garzon F, Graham RT, Witt MJ, & Hawkes LA. 2020. Ecological niche modeling reveals manta ray
distribution and conservation priority areas in the Western Central Atlantic. Animal Conservation. (acv.
12663). https://doi.org/10.1111/acv.12663

Girondot M, Bédel S, Delmoitiez L, Russo M, Chevalier J, Guéry L, Ben Hassine S, Féon H, & Jribi I.
2014. Spatio-temporal distribution of Manta birostris in French Guiana waters. Journal of the Marine
Biological Association of the United Kingdom, 95(1):153-160.
https://doi.org/10.1017/s0025315414001398

Graham RT, Witt MJ, Castellanos DW, Remolina F, Maxwell S, Godley BJ, & Hawkes LA. 2012.
Satellite Tracking of Manta Rays Highlights Challenges to Their Conservation. PLOS ONE, 7(5):e36834.
https://doi.org/10.1371/journal.pone.0036834

Gunn J, & Block B. (2001). Advances in acoustic, archival, and satellite tagging of tunas. Tuna:
Physiology, Ecology, and Evolution, 167-224. https://doi.org/10.1016/s1546-5098(01)19006-0

Hacohen-Domené A, Martinez-Rincén RO, Galvan-Magarfia F, Cardenas-Palomo N, & Herrera-Silveira J.
2017. Environmental factors influencing aggregation of manta rays (Manta birostris) off the northeastern
coast of the Yucatan Peninsula. Marine Ecology, 38(3):e12432. https://doi.org/10.1111/maec.12432

Hearn AR, Acufia D, Ketchum JT, Pefiaherrera C, Green J, Marshall A, Guerrero M, & Shillinger G.
2013. Elasmobranchs of the Galapagos Marine Reserve. Social and Ecological Interactions in the
Galapagos Islands, 23-59. https://doi.org/10.1007/978-3-319-02769-2_2

Hosegood J, Humble E, Ogden R, de Bruyn M, Creer S, Stevens G, Abudaya M, Bassos-Hull K, Bonfil
R, Fernando D, Foote AD, Hipperson H, Jabado RW, Kaden J, Moazzam M, Peel L, Pollet S, Ponzo A,
Poortvliet M, Salah J, Senn H, Stewart JD, Wintner S, Carvalho G. 2020. Genome-wide data for effective
conservation of manta and devil ray species. Molecular Ecology, 16-27. https://doi.org/10.1101/458141

18


https://doi.org/10.23919/OCEANS.2015.7404617
https://cites.org/eng/prog/shark/history_old.php
https://www.cms.int/en/species/manta-birostris
https://doi.org/10.1111/j.1095-8649.2012.03264.x
https://doi.org/10.1017/s1755267214001432
https://doi.org/10.3354/meps09085
https://doi.org/10.1007/s00227-008-0988-x
https://doi.org/10.1111/acv.12663
https://doi.org/10.1017/s0025315414001398
https://doi.org/10.1371/journal.pone.0036834
https://doi.org/10.1016/s1546-5098(01)19006-0
https://doi.org/10.1111/maec.12432
https://doi.org/10.1007/978-3-319-02769-2_2
https://doi.org/10.1101/458141

IUCN SSG. 2018. IUCN SSG FAQ. [2020, November 15]. https://www.iucnssg.org/fags.html

Kashiwagi T, Marshall AD, Bennett MB, & Ovenden JR. 2011. Habitat segregation and mosaic sympatry
of the two species of manta ray in the Indian and Pacific Oceans: Manta alfredi and M. birostris. Marine
Biodiversity Records, 4:1-8. https://doi.org/10.1017/s1755267211000479

Kessel ST, Elamin NA, Yurkowski DJ, Chekchak T, Walter RP, Klaus R, Hill G, & Hussey NE. 2017.
Conservation of reef manta rays (Manta alfredi) in a UNESCO World Heritage Site: Large-scale island
development or sustainable tourism? PLOS ONE, 12(10):e01854109.
https://doi.org/10.1371/journal.pone.0185419

Kim TG, Grigalunas TA, Han KN, 2008. The economic costs to fisheries because of marine sand mining
in Ongjin Korea: Concepts, methods, and illustrative results. Ecological Economics 65:498-507.
http://dx.doi.org/10.1016/j.ecolecon.2007.07.016

Larey A, Aknin E, & Klein 1. 2019. Feasibility Study of Multi Inertial Measurement Unit. Proceedings,
42(1):74. https://doi.org/10.3390/ecsa-6-06582

Liquid Robotics. 2018. Supported Sensors and Payloads. [2021, January 16].
https://cdn2.hubspot.net/hubfs/287872/website-downloads/LR-SensorsSheet rev6 web.pdf

Luiz OJ, Balboni AP, Kodja G, Andrade M, & Marum H. 2008. Seasonal occurences of Manta birostris
(Chondrichthyes: Mobulidae) in southeastern Brazil. Icthyological Research, 56(1):96-99.
https://doi.org/10.1007/s10228-008-0060-3

MacArthur R, Wilson EO. 1967. The Theory of Island Biogeography (2001 reprint ed.). Princeton
University Press. ISBN 978-0-691-08836-5.

Marshall AD, Compagno LJV, & Bennett MB. 2009. Redescription of the genus Manta with resurrection
of Manta alfredi (Krefft, 1868) (Chondrichthyes; Myliobatoidei; Mobulidae). Zootaxa, 2301(1):1-28.
https://doi.org/10.11646/zootaxa.2301.1.1

Marshall AD, Dudgeon CL, & Bennett MB. 2011. Size and structure of a photographically identified
population of manta rays Manta alfredi in southern Mozambique. Marine Biology, 158(5):1111-1124.
https://doi.org/10.1007/s00227-011-1634-6

Marshall A, Barreto R, Carlson J, Fernando D, Fordham S, Francis MP, Derrick D, Herman K, Jabado
RW, Liu KM, Rigby CL & Romanov E. 2020. Mobula birostris. The IUCN Red List of Threatened
Species 2020:e.T198921A68632946.

McClain CR, Balk MA, Benfield MC, Branch TA, Chen C, Cosgrove J, Dove ADM, Gaskins LC, Helm
RR, Hochberg FG, Lee FB, Marshall A, McMurray SE, Schanche C, Stone SN, & Thaler AD. 2015.
Sizing ocean giants: patterns of intraspecific size variation in marine megafauna. PeerJ, 3:e715.
https://doi.org/10.7717/peer].715

Michel J, Bejarano AC, Peterson CH, Voss C. 2013. Review of biological and biophysical impacts from
dredging and handling of offshore sand. U.S. Department of the Interior, Bureau of Ocean Energy
Management, OCS Study BOEM 2013-0119, Herndon, VA., pp. 258.
https://www.researchgate.net/publication/255686914 Review_ of Biological and Biophysical Impacts_f
rom_Dredging_and_Handling_of Offshore Sand

Miller MH, and C Klimovich. 2017. Endangered Species Act Status Review Report: Giant Manta Ray
(Manta birostris) and Reef Manta Ray (Manta alfredi). Report to National Marine Fisheries Service,

19


https://www.iucnssg.org/faqs.html
https://doi.org/10.1017/s1755267211000479
https://doi.org/10.1371/journal.pone.0185419
http://dx.doi.org/10.1016/j.ecolecon.2007.07.016
https://doi.org/10.3390/ecsa-6-06582
https://cdn2.hubspot.net/hubfs/287872/website-downloads/LR-SensorsSheet_rev6_web.pdf
https://doi.org/10.1007/s10228-008-0060-3
https://doi.org/10.11646/zootaxa.2301.1.1
https://doi.org/10.1007/s00227-011-1634-6
https://doi.org/10.7717/peerj.715
https://www.researchgate.net/publication/255686914_Review_of_Biological_and_Biophysical_Impacts_from_Dredging_and_Handling_of_Offshore_Sand
https://www.researchgate.net/publication/255686914_Review_of_Biological_and_Biophysical_Impacts_from_Dredging_and_Handling_of_Offshore_Sand

Office of Protected Resources, Silver Spring, MD. 128 pp.
https://repository.library.noaa.gov/view/noaa/17096

[NOAA] National Oceanic and Atmospheric Administration. 2018. Endangered and Threatened Wildlife
and Plants; Final Rule to List the Giant Manta Ray as Threatened Under the Endangered Species Act.
Federal Register. https://www.federalregister.gov/documents/2018/01/22/2018-01031/endangered-and-
threatened-wildlife-and-plants-final-rule-to-list-the-giant-manta-ray-as-threatened

NOAA. 2019. Endangered and Threatened Species; Determination on the Designation of Critical Habitat
for Giant Manta Rays. https://www.federalregister.gov/documents/2019/12/05/2019-26265/endangered-
and-threatened-species-determination-on-the-designation-of-critical-habitat-for-giant

NOAA. 2020. Listing Species Under the Endangered Species Act. NOAA Fisheries.
https://www.fisheries.noaa.gov/national/endangered-species-conservation/listing-species-under-
endangered-species-act

Misty Paig-Tran EW, & Summers AP. 2014. Comparison of the Structure and Composition of the
Branchial Filters in Suspension Feeding Elasmobranchs. The Anatomical Record, 297(4):701-715.
https://doi.org/10.1002/ar.22850

Pate JH, & Marshall AD. 2020. Urban manta rays: potential manta ray nursery habitat along a highly
developed Florida coastline. Endangered Species Research, 43:51-64. https://doi.org/10.3354/esr01054

Pianka ER. 1970. “On r and K selection”. American Naturalist. 104 (940):592-597.
https://doi.org/10.1086/282697

Rohner CA, Flam AL, Pierce SJ and Marshall AD. 2017. Steep declines in sightings of manta rays and
devilrays (Mobulidae) in southern Mozambique. Peer Preprints 5:e3051v1.
https://doi.org/10.7287/peerj.preprints.3051v1/supp-1

Sobral AF, & Afonso P. 2014. Occurrence of mobulids in the Azores, central North Atlantic. Journal of
the Marine Biological Association of the United Kingdom, 94(8):1671-1675.
https://doi.org/10.1017/s0025315414000964

Sotelo SJV. 2018. Genetic diversity and population structure of individual of Manta birostris sampled in
Isla de la Plata in the seasons from 2010 to 2013. http://repositorio.usfg.edu.ec/handle/23000/7511

Stevens G, Fernando D, Dando M, & Sciara DGN. 2018. Guide to the Manta and Devil Rays of the
World (Wild Nature Press) (lllustrated ed.). Princeton University Press.

Stewart JD, Beale CS, Fernando D, Sianipar AB, Burton RS, Semmens BX, & Aburto-Oropeza O. 2016.
Spatial ecology and conservation of Manta birostris in the Indo-Pacific. Biological Conservation,
200:178-183. https://doi.org/10.1016/j.biocon.2016.05.016

Stewart JD, Rohner CA, Araujo G, Avila J, Fernando D, Forsberg K, Ponzo A, Rambahiniarison JM,
Kurle CM, & Semmens BX. 2017. Trophic overlap in mobulid rays: insights from stable isotope analysis.
Marine Ecology Progress Series, 580:131-151. https://doi.org/10.3354/meps12304

Stewart JD, Nuttal M, Hickerson EL, & Johnston MA. 2018. Important juvenile manta ray habitat at
Flower Garden Banks National Marine Sanctuary in the northwestern Gulf of Mexico. Marine Biology,
165(7):110-118. https://doi.org/10.1007/s00227-018-3364-5

20


https://repository.library.noaa.gov/view/noaa/17096
https://www.federalregister.gov/documents/2018/01/22/2018-01031/endangered-and-threatened-wildlife-and-plants-final-rule-to-list-the-giant-manta-ray-as-threatened
https://www.federalregister.gov/documents/2018/01/22/2018-01031/endangered-and-threatened-wildlife-and-plants-final-rule-to-list-the-giant-manta-ray-as-threatened
https://www.federalregister.gov/documents/2019/12/05/2019-26265/endangered-and-threatened-species-determination-on-the-designation-of-critical-habitat-for-giant
https://www.federalregister.gov/documents/2019/12/05/2019-26265/endangered-and-threatened-species-determination-on-the-designation-of-critical-habitat-for-giant
https://www.fisheries.noaa.gov/national/endangered-species-conservation/listing-species-under-endangered-species-act
https://www.fisheries.noaa.gov/national/endangered-species-conservation/listing-species-under-endangered-species-act
https://doi.org/10.1002/ar.22850
https://doi.org/10.3354/esr01054
https://doi.org/10.1086/282697
https://doi.org/10.7287/peerj.preprints.3051v1/supp-1
https://doi.org/10.1017/s0025315414000964
http://repositorio.usfq.edu.ec/handle/23000/7511
https://doi.org/10.1016/j.biocon.2016.05.016
https://doi.org/10.3354/meps12304
https://doi.org/10.1007/s00227-018-3364-5

Stewart JD, Smith T, Marshall G, Abernathy K, Fonseca-Ponce 1A, Froman N, & Stevens GMW. 2019.
Novel applications of animal-borne Crittercams reveal thermocline feeding in two species of manta ray.
Marine Ecology Progress Series, 632:145-158. https://doi.org/10.3354/meps13148

Suedel BC, Kim J, Clarke DG, Linkov I. 2008. A risk-informed decision framework for setting
environmental windows for dredging projects. Science of the total environment 403:1-11.
https://doi.org/10.1016/j.scitotenv.2008.04.055

Thomson JA, & Heithaus MR. 2014. Animal-borne video reveals seasonal activity patterns of green sea
turtles and the importance of accounting for capture stress in short-term biologging. Experimental Marine
Biology and Ecology, 450:15-20. https://doi.org/10.1016/].jembe.2013.10.020

Trends in Global Shark Catch and Recent Developments in Management. 20009.
https://portals.iucn.org/library/sites/library/files/documents/Traf-112.pdf

Tyson RB, Piniak WED, Domit C, Mann D, Hall M, Nowacek DP, & Fuentes MMPB. 2017. Novel Bio-
Logging Tool for Studying Fine-Scale Behaviors of Marine Turtles in Response to Sound. Frontiers in
Marine Science, 4:1-11. https://doi.org/10.3389/fmars.2017.00219

Vemco. 2021. Fish Tracking and Monitoring Systems. Innovasea. [2021, January 19].
https://www.innovasea.com/fish-tracking/

Wenger AS, Harvey E, Wilson S, Rawson C, Newman SJ, Clarke D, Saunders BJ, Browne N, Travers
MJ, Mcllwain JL, Erftemeijer PLA, Hobbs JPA, McLean D, Depczynski M, Evans RD. 2017. A critical
analysis of the direct effects of dredging on fish. Fish and Fisheries 18:967-985.
https://doi.org/10.1111/faf.12218

White WT, Corrigan S, Yang L, Henderson AC, Bazinet AL, Swofford DL, & Naylor GJP. 2017.
Phylogeny of the manta and devilrays (Chondrichthyes: mobulidae), with an updated taxonomic
arrangement for the family. Zoological Journal of the Linnean Society, 182(1):50-75.
https://doi.org/10.1093/zoolinnean/zIx018

White ER, Myers MC, Flemming JM and Baum JK. 2015. Shifting elasmobranch community assemblage
at Cocos Island--an isolated marine protected area. Conservation Biology 29(4):1186-1197.
https://doi.org/10.1111/cobi.12478

Wildlife Computers Inc. (2020, July 3). Wildlife Computers Inc. | Shark. [2021, January 20].
https://wildlifecomputers.com/taxa/shark-finmount/

21


https://doi.org/10.3354/meps13148
https://doi.org/10.1016/j.scitotenv.2008.04.055
https://doi.org/10.1016/j.jembe.2013.10.020
https://portals.iucn.org/library/sites/library/files/documents/Traf-112.pdf
https://doi.org/10.3389/fmars.2017.00219
https://www.innovasea.com/fish-tracking/
https://doi.org/10.1111/faf.12218
https://doi.org/10.1093/zoolinnean/zlx018
https://doi.org/10.1111/cobi.12478
https://wildlifecomputers.com/taxa/shark-finmount/

AMENT OF Department of the Interior (DOI)

& ®

N ~\Wi/- Z
c?_,ﬁ—%”?“ The Department of the Interior protects and manages the Nation's natural
o ’—o? resources and cultural heritage; provides scientific and other information about
2 )

those resources; and honors the Nation’s trust responsibilities or special
commitments to American Indians, Alaska Natives, and affiliated island

A o
Ly (S communities.

B O E M Bureau of Ocean Energy Management (BOEM)
BFEEl S CiGEAT Efey The mission of the Bureau of Ocean Energy Management is to manage

Management 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 DOI Departmental Manual (305 DM 3).

22



	List of Figures
	List of Abbreviations and Acronyms
	1 An Introduction to Mobula birostris
	1.1 Biology and Ecology
	1.2 Movements & Habitat Use
	1.3 Threats
	1.4 Listing Mobula birostris on the Endangered Species Act

	2 Overview of Relevant Research
	2.1 Telemetry
	2.2 Habitat Modeling
	2.3 Site Fidelity & Migration

	3 Marine Mineral Extraction
	3.1 Marine Minerals Program Background
	3.2 Sand Dredging
	3.3 Potential Environmental Impacts
	3.4 Preventative Trawling

	4 Cooperative Study with BOEM and Georgia Aquarium (GAI)
	4.1 Study Objectives & Background
	4.2 Satellite Telemetry
	4.3 Acoustic Telemetry
	4.4 Inertial Measurement Unit (IMU) Telemetry

	5 Workshop
	5.1 Workshop Summary
	5.2 Aerial Surveys
	5.3 Tagging Methodology
	5.4 Liquid Robotics Wave Glider
	5.5 Workshop Conclusions

	6 Conclusion
	7 Literature Citations

