GIANT MANTA RAY (MOBULA BIROSTRIS)
The giant manta ray is listed as a threatened species under the ESA (83 FR 2916, January 22,
2018). Critical habitat is not designated (84 FR 66652; December 5, 2019).

SPECIES DESCRIPTION

Physical Description of the Species

The giant manta ray has a diamond-shaped body with wing-like pectoral fins; the distance over
this wingspan is termed disc width (DW). It may be the largest living ray species, attaining a
maximum size of 800 cm DW, with anecdotal reports up to 910 cm DW (Compagno 1999;
Alava et al., 2002; Carpenter et al., 2023). There are two distinct color types: chevron and black
(melanistic). Most of the chevron variants have a black dorsal surface and a white ventral surface
with distinct patterns on the underside that can be used to identify individuals (Marshall et al.,
2008; Kitchen-Wheeler 2010; Deakos et al., 2011). While these markings are assumed to be
permanent, there is some evidence that the pigmentation pattern of giant manta ray may actually
change over the course of development (based on observation of two individuals in captivity),
and thus caution may be warranted when using color markings for identification purposes in the
wild (Ari 2015). The black color variants are entirely black on the dorsal side and almost
completely black on the ventral side, except for areas between the gill-slits and the abdominal
area below the gill-slits (Kitchen-Wheeler 2013). They also have distinct spot patterns on their
bellies that can be used to identify individuals (Luiz et al., 2009; Kitchen-Wheeler,

2010; Couturier et al., 2011; Deakos et al., 2011; Marshall et al., 2011).

Habitat

The giant manta ray inhabits tropical, subtropical, and temperate bodies of water and is
commonly found offshore, in oceanic waters, and near productive coastlines, with water
temperatures generally between 20°C and 30°C (Duffy and Abbott 2003; Marshall et al., 2009;
Kashiwagi et al., 2011; Freedman and Roy 2012; Graham et al., 2012; Hacohen-Domen¢ et al.,
2017; Farmer et al., 2022). Manta rays are commonly seen in surface waters or cleaning in
shallow coral reef habitats typically in tropical or subtropical regions (Couturier et al., 2012;
Braun et al., 2014). The giant manta ray can exhibit diel patterns in habitat use, moving inshore
during the day to clean and socialize in shallow waters (10-20 m), and then moving offshore at

night to feed to depths of 1,000 meters (Hearn et al. 2014; Burgess 2017). The coastal vertical
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movements of giant manta rays maybe motivated by a combined foraging and thermal recovery
strategy, whereby giant manta rays dived to forage on vertically migrating zooplankton at night
and returned to surface waters (<2 m) to rewarm between dives (Andrzejaczek et al., 2021). In
coastal areas, giant manta rays have been observed in shallow waters, sometimes less than 3
meters deep, in estuarine waters, near coastal inlets, with use of these shallow waters as potential
nursery habitats (Adams and Amesbury 1998; Milessi and Oddone 2003; Medeiros et al., 2015;
Pate and Marshall 2020; Farmer et al., 2022).

Diet and Feeding

Giant manta rays primarily feed on planktonic organisms such as euphausiids, copepods, mysids,
decapod larvae and shrimp, but some studies have noted their consumption of small and
moderate sized fishes (Bertolini 1933; Bigelow and Schroeder 1953; Carpenter and Niem 2001;
Rohner et al., 2017a; Stewart et al., 2017; Medeiros et al., 2022). While there are no studies that
compare diet requirements for the different life stages, recent studies suggest that both juveniles
and adults may occupy the same habitats within a location and, thus, target the same prey
(Stewart et al., 2016b, Stewart et al., 2017, Graham et al., 2012). Manta rays have a complex
depth profile of their foraging habitat (Andrzejaczek et al., 2021). Burgess et al., (2016) found
that, on average, mesopelagic sources contributed 73% to the giant manta ray’s diet, compared to
27% for surface zooplankton suggesting that giant manta rays may be supplementing their diet

with opportunistic feeding in near-surface waters (Couturier et al., 2013; Burgess et al., 2016).

The feeding behaviors of manta species have also been studied to provide insight into their
cognition and response to sensory stimuli. When feeding, groups of manta rays hold their
cephalic fins in an “0” shape and open their mouths wide. They tend to swim at a speed around
30 pectoral fin beats per minute when feeding, which is almost twice as fast as they swim when
being cleaned (Kitchen-Wheeler 2013). After collecting water with zooplankton in their mouths,
manta rays use a transverse curtain on the roof of the mouth as a valve to hold the water in as the
pharynx contracts during swallowing (Bigelow and Schroeder 1953). This movement of the
pharynx pulls plankton towards the stomach when the gills are closed (Kitchen-Wheeler 2013).
Intestinal eversion has also been observed, likely to clear the intestines of indigestible material

and parasites (Clark and Papastamatiou 2008). The positioning of the cephalic fins was found to



be a good indicator of feeding motivation, triggered by underwater visual stimuli or olfactory

stimuli / sense of smell (Ari and Correia 2008).
LIFE HISTORY INFORMATION

Reproduction

The giant manta ray is ovoviviparous and is thought to produce a single offspring per pregnancy
after a gestation period of 12-13 months (Rambahiniarison et al., 2018; Murakumo et al., 2020).
An average female produces 4—7 pups during its lifespan (Marshall et al., 2022).

Age at Maturity

Males mature at 350400 cm DW and females mature at 380—500 cm DW (White et al., 2006;
Last et al., 2016; Stewart et al., 2018b). Female giant manta rays mature at 8.6 years of age,
although first pregnancy may be delayed by up to 4 years depending on food availability
(Rambahiniarison et al., 2018). Maximum age is estimated at 45 years and generation length is

estimated to be between 20 years (J. Carlson unpublished) to 29 years (Marshall et al., 2022).

Habitat Use by Different Life Stages

Identifying potential manta ray important habitats, such as nursery, feeding and reproductive
areas, especially in data limited regions such as the northwest Atlantic Ocean, is essential to
conservation and recovery of this species. A recent study conducted off the Atlantic coast of
central Florida provided evidence of reproductive habitat for manta rays (Pate 2024). Each
spring, manta rays aggregate off the coast of central and northern Florida between Indian River
County, Florida and the Florida/Georgia border. Pate (2024) documented numerous courtship
and breaching events indicating that this area is potentially seasonal reproductive habitat for
manta rays. This same study suggested that this area maybe important feeding habitat as feeding
behaviors and prey species were also documented (Pate 2024). These initial observations warrant
future study to determine the importance of this area to manta ray feeding and reproduction, as
well as characterization of the environmental influences that affect manta ray presence and

behavior.

Documenting juvenile nursery habitats is a priority in manta ray research and conservation
(Stewart et al., 2018a), yet few have been described. Worldwide few nursery areas for manta

rays have been described; however, two manta ray nursery habitats have been described in the
3



U.S Atlantic and Gulf of Mexico. Pate and Marshall (2020) described the nearshore area between
St. Lucie Inlet and Boynton Beach Inlet in southeast Florida as nursery habitat for manta rays.
Nearly all (98%) of manta rays observed by Pate and Marshall (2020) were juveniles and many
showed high site fidelity to this nursery habitat. Observations of juvenile giant manta rays as far
south as Miami suggest this nursery habitat may extend farther south (J. Pate, MMF, pers comm.
to C. Horn, NMFS, June 4, 2024). As of December 2023, 151 juvenile manta rays had been
identified within the nursery habitat, with 52% being re-sighted and 26% re-sighted over
multiple years (Pate and Fong 2023). New individuals are being identified regularly along
southeast Florida (J. Pate unpublished data). In addition, the Flower Garden Banks National
Marine Sanctuary and the surrounding banks in the northwest Gulf of Mexico have been
described as manta ray nursery habitat (Stewart et al., 2018a). These nursery habitats were
described based on frequent observations of immature individuals in these areas, high site
fidelity with individuals remaining in the areas, and extended use of these areas by individuals

over multiple years (Heupel et al., 2017; Stewart et al 2018a; Pate and Marshall 2020).

Seasonal Distribution Patterns

In the U.S Atlantic, giant manta rays are distributed from Florida to as far north as New York,
with a clear expansion to the north during warmer months. The highest nearshore occurrence is
predicted to take place off the Atlantic coast of Florida during April, with the distribution
extending northward along the shelf-edge as temperatures warm, leading to higher occurrences
north of Cape Hatteras, North Carolina from June to October, and then south of Savannah,
Georgia from November to March as temperatures cool (Figure 1; Farmer et al., 2022). These
findings are consistent with other lines of evidence that demonstrate that large numbers of giant
manta rays are known to migrate to the Atlantic coast of Florida during the spring and summer
(Levesque 2019; Pate and Fong 2023). Aerial observations of manta ray movements indicate that
the Atlantic coast of Florida is potentially an important foraging and reproductive habitat (Pate
and Fong 2023; Pate 2024). Each spring manta rays aggregate off the coast of central and
northern Florida, between Indian River County, Florida, and the Florida/Georgia border.
Typically, individuals are observed during March of each year in coastal waters off Indian River
County, then migrate northward, possibly coinciding with rising water temperatures. Anglers
reported that when temperatures range between 68 and 72°F both manta ray and cobia abundance

peaked, usually between March and April (Braun et al., 2024), which is consistent with findings
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in Farmer et al., (2022). Additionally, several lines of evidence indicate that the Mississippi delta
region is an important aggregation. Farmer et al. (2022) predicted that the highest nearshore
occurrence of giant manta rays in the Gulf of Mexico occurs around the Mississippi River Delta
from April to June and again from October to November (Figure 1; Farmer et al., 2022). These
findings are supported by directed research and survey efforts, public sightings, and fisheries
bycatch data that indicate the Mississippi River Delta is likely an important aggregation site
(NOAA 2024; NMFS, unpublished data).
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Figure 1: (A) Spatial distribution relative to coarse-scale bathymetry (red = shallow; blue = deep) and survey effort
(white lines) and (B) spatio-temporal distribution of survey effort (gray circles) and manta ray sightings (X: on
effort, + : off effort; scaled to number reported within survey) by Southeast Fisheries Science Center, (C,D ) North
Atlantic Right Whale Consortium, and (E,F) Normandeau Associates aerial surveys for New York State Energy
Research and Development Authority. Source: Farmer et al., (2022).




Predators and Competitors

Manta rays are frequently sighted with non-fatal injuries consistent with shark attacks, although
the prevalence of these sightings varies by location (Homma et al. 1999; Ebert 2003; Mourier
2012). Deakos et al. (2011) reported that scars from shark predation, mostly on the posterior part
of the body or the wing tip, were evident in 24% of reef manta ray individuals (n=70 individuals
with injuries) observed at a manta ray aggregation site off Maui, Hawaii. Off eastern Australia,
Couturier et al. (2014) observed 23% of reef manta rays had shark scars. Approximately 76% of
reef manta rays bear bite wounds of predatory sharks in southern Mozambique (Marshall &
Bennett 2010a). Because the damage from a shark bite usually occurs in the posterior region of
the manta ray, there may be disfigurement leading to difficult clasper insertion during mating or

inhibited waste excretion (Clark and Papastamatiou 2008).
POPULATION DYNAMICS

Population Size

Although the global population size is not known, regional populations have been estimated in
Ecuador, Indonesia, Mexico, and Mozambique. Ecuador’s Machalilla National Park and the
Galapagos Marine Reserve is thought to be home to the largest identified population of giant
manta ray in the world, with the estimated population size of 11,022 (95% CI: 9095—13 357) for
females and 11,294 (9456—13 490) for males (Hearn et al., 2014; Harty et al., 2022). The next
largest population has been noted in Raja Ampat, Indonesia, but is much smaller, estimated at
around 1,875 individuals (Beale et al., 2019). The other estimated populations are similar in size,
with 1,172 individuals the Revillagigedo Archipelago, Mexico (Cabral et al., 2023), more than
400 individuals in Banderas Bay, Mexico (Dominguez-Sanchez et al., 2023), and 600 individuals
Mozambique (Marshall 2008). Preliminary (uncorrected for availability bias) relative abundance
estimates for giant manta rays in the northwest Atlantic Ocean and Gulf of Mexico, U.S., suggest
an abundance ranging from approximately 5,000—14,000 individuals with a coefficient of
variation between 14-20%, depending on the month (N. Farmer unpubl. data 2023). Preliminary
satellite tagging returns from nine individuals suggest manta rays in the southeast spend a
median of 14% of their time within depths visible to aerial observers; adjusted estimates for this
availability bias suggest 47,802+121,032 (mean + SD; range 8,206—161,804) individuals in the
northwest Atlantic off the eastern U.S. (N. Farmer unpubl. data 2023). Locally, abundance varies
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substantially and may be based on food availability and the degree that they were, or are
currently, being fished. In most regions throughout their range, the number of giant manta rays

observed over the years appear to be small (fewer than 1,000 individuals) (NMFS 2024).

Population Variability

The trend of the number of individuals within populations varies widely across the species range,
but trends appear stable where they are protected and declining rapidly where fishing pressure is
greater (Marshall et al., 2022). For example, sighting trends appear stable where they receive
some level of protections, such as Hawaii (Ward-Paige et al., 2013) and Ecuador (Holmberg and
Marshall 2018), although individuals sighted in Ecuador seasonally migrate to Peru (A. Marshall
unpubl. data 2019) where directed fishing occurs (Heinrichs et al., 2011). Elsewhere, the number
of individuals is likely to be declining in places where the species is targeted or caught regularly
as bycatch. For example, in southern Mozambique, a 94% decline in diver sighting records
occurred over a 15-year period in a well-studied population (Rohner et al., 2017). Similarly, at
Cocos Island, Costa Rica, there has been an 89% decline in diver sighting records of giant manta
rays over a 21-year period (White et al., 2015). These steep declines have occurred in less than
one-generation length (29 years) (Marshall et al., 2022). Although sparse, the available data
suggest that target fisheries in some regions have rapidly depleted localized populations of the
giant manta ray; local extinction is suspected to have occurred in many parts of their historical
range. Globally, the suspected population reduction is 50-79% over three generation lengths,
with a further population reduction suspected over the next several generations based on current
and ongoing threats and exploitation levels, steep declines in monitored populations, and a

reduction in area of occupancy (Marshall et al., 2022).

RANGE AND DISTRIBUTION

Within the Northern hemisphere, the giant manta ray has been documented as far north as the
following locations: New York, U.S. and the Azores Islands in the Atlantic Ocean region; the
Sinai Peninsula, Egypt in the Indian Ocean region; and Mutsu Bay, Aomori, Japan and southern
California, U.S. in the Pacific Ocean region (Figure 2; Lawson et al., 2017; Kashiwagi et al.,
2010; Moore 2012; CITES 2013; Sobral and Alfonso 2014; Knochel et al., 2022; Farmer et al.,
2022). In the Southern Hemisphere, the species has been observed as far south as Peru in the

eastern Pacific Ocean, Uruguay and St. Helena Island in the Atlantic Ocean, South Africa and

8



Australia in the Indian Ocean, and off Tasmania, New Zealand, and French Polynesia in the
western and central Pacific Ocean (Figure 2; Lawson et al., 2017; Mourier 2012; CITES 2013,
Couturier et al., 2015; Carpentier et al., 2019, Beard et al., 2021).

Figure 2: Geographic range of giant manta ray showing confirmed locations (extend in dark blue) as well as
presumed range (possibly extant in light blue) (Lawson et al., 2017).

Biotic and Abiotic Factors Dictating Range / Distribution

Giant manta rays are commonly sighted in aggregations at many locations throughout their
range, including: Similan Islands (Thailand); Raja Ampat (Indonesia); Sharm el-Sheikh (Egypt);
Fuvahmulah and Addu Atolls (Maldives); northeast North Island (New Zealand), Kona, Hawaii
(U.S.); U.S. Atlantic and Gulf of Mexico, Brazil; Cabo Verde; Isla de la Plata (Ecuador);
Ogasawara Islands (Japan); Isla Margarita and Puerto la Cruz (Venezuela); northern coast of the
Yucatan Peninsula; Isla Holbox; Revillagigedo Islands; and Bahia de Banderas (Mexico)
(Notarbartolo-di-Sciara and Hillyer 1989; Homma et al., 1999; Duffy and Abbott 2003; Luiz et
al., 2009; Clark 2010; Kashiwagi et al., 2010; Marshall et al., 2011a; Stewart et al., 2016a;
Hacohen-Domené¢ et al., 2017; Hilbourne and Stevens 2019; Pate 2024; Farmer et al., 2022;
Knochel et al., 2022; Dominguez-Sanchez et al., 2023; Garzon et al., 2023). The timing of these
aggregations varies by region and seem to correspond with the movement of zooplankton,
climatic fluctuations (e.g., El Nifio Southern Oscillation), current circulation and tidal patterns,
seasonal upwelling, seawater temperature, and possibly mating behavior (Couturier et al., 2012;
De Boer et al., 2015; Armstrong et al., 2016; Hacohen-Domené et al., 2017; Beale et al., 2019;
Nicholson-Jack et al., 2021; Dominguez-Sanchez et al., 2023, Garzon et al., 2023). For example,
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in the U.S. Atlantic and Gulf of Mexico, the distribution of manta rays was found to be
influenced primarily by sea surface temperature, with a clear expansion to the north during
warmer months (Farmer et al., 2022). Additionally, within the preferred thermal range
(approximately 68—86°F), manta rays occurred most frequently either nearshore or along the
continental shelf-edge, at locations best predicted by proxies for productivity such as thermal

fronts, bathymetric slope, and high chlorophyll-a concentration (Farmer et al., 2022).
THREATS

Past and Current Threats Resulting in Population Declines

The largest cause of direct mortality of giant manta rays globally is targeted fishing and capture
as bycatch (Croll et al., 2016; NMFS 2024), though they face a range of other threats including
marine pollution, vessel strikes, and entanglement (NMFS 2024). In addition, while there is no

direct evidence, there is concern for this species as a result of impacts associated with climate

change (Essumang 2010, Ooi et al., 2015, Stewart et al., 2018).

Fisheries (Foreign)

Giant mana rays are both targeted and caught incidentally in industrial and artisanal fisheries
(Couturier et al., 2012; Croll et al., 2016; Stewart et al., 2018). These rays are captured in a wide
range of gear types including harpoons, drift nets, purse seine nets, gill nets, traps, trawls, and
longlines. Their coastal and offshore distribution, and tendency to aggregate, makes giant manta
rays particularly susceptible to bycatch in purse seine and longline fisheries and targeted capture
in artisanal fisheries (Croll et al. 2016; Duffy and Griffiths 2017). In particular, giant manta rays
are easy to target because of their large size, slow cruising speed, tendency to aggregate,
predictable habitat use, and lack of human avoidance (Couturier et al., 2012). Manta ray catches
have been recorded in at least 30 large and small-scale fisheries covering 25 countries (Lawson
et al., 2016). The largest documented target fisheries are Indonesia, the Philippines, and India
(NMFS 2024). While many artisanal fisheries have grown to meet international trade demand for
gill plates as discussed below, some still target these manta rays mainly for food and local

products (White et al., 2006, Essumang 2010, Rohner et al., 2017).
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Federal Fisheries (Southeast U.S.)

The giant manta ray is caught as bycatch in a number of federally-managed U.S. commercial
fisheries operating in the Atlantic Ocean and Gulf of Mexico. Data comes from limited fisheries
observer programs. Information was severely lacking on catch and fishing effort of the species
in the Atlantic at the time of listing because rays were not identified to species in observer
programs. In 2019, fisheries observer programs in the Southeast began identifying and recording
bycatch for the giant manta ray, thus providing a better understanding of U.S. commercial
fisheries interactions with giant manta rays. Based on all available observer data, the Southeast
U.S. commercial fisheries that use trawls, pelagic and bottom longlines, gillnet, and hook and
line gears occasionally incidentally capture giant manta rays. Shrimp trawl and pelagic longline
gears appear to interact with giant manta rays the most, followed by bottom longline, and gillnet.
Dispositions of the giant manta rays are recorded at the vessel (i.e., released alive, discarded
dead, or disposition unknown) and the poor physical condition of some animals at upon release

indicate that animals do die after these encounters. However, post-release mortality is unknown.

The Southeast Shrimp Trawl Fishery

The southeast U.S. shrimp fishery operates in the EEZ in the Gulf of Mexico and U.S. Atlantic,
and observer coverage in this fishery is less than 2%. On April 26, 2021, the NMFS Southeast
Regional Office (SERO) issued a Biological Opinion (Opinion) on the implementation of the sea
turtle conservation regulations under the ESA for shrimp trawls and the authorization of the
southeast U.S. shrimp fisheries in federal waters under the Magnuson-Stevens Act (NMFS
2021). As part of the Opinion, an incidental take statement was issued that anticipated the non-
lethal capture of 16,780 giant manta rays over 10 years (averaging 1,678 giant manta rays per
year) in the shrimp trawl fishery. No giant manta ray mortalities were anticipated because there
were no records of lethal interactions at that time. The incidental take estimate was based on 1
year of data, which included 12 non-lethal interactions documented during that time, and was

highly uncertain (Carlson 2020).

In 2023, NMFS reinitiated this consultation because there were giant manta ray mortalities
documented by the observer program. Between 2019 and April 2024, the SEFSC shrimp
observer program observed approximately 37 giant manta rays were incidentally captured, with

26 released alive, 4 dead, and 7 discarded with an “unknown” disposition (NMFS unpublished
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data). The majority of interactions were recorded off the coast of Louisiana, followed by coastal
areas near the Florida/Georgia border. The lack of many interactions observed in the U.S
Atlantic may be due to very low observer coverage, as several recent studies indicate that north
and central Florida is likely an important habitat for giant manta ray migration, foraging and
reproduction (Farmer et al., 2022; Pate 2024). The majority of interactions have occurred in

Federal waters, although there are records in State waters as well.

The Pelagic Longline Fishery

The Pelagic Longline Fishery for Atlantic Highly Migratory Species comprises relatively distinct
segments including: Caribbean, Gulf of Mexico, Florida east coast, South Atlantic bight, mid-
Atlantic bight, northeast coastal Atlantic, northeast distant waters, Sargasso Sea, and Offshore
waters. Observer coverage is maintained at a minimum of 8%, but some years have higher

coverage (NMFS 2020).

On May 15, 2020, NMFS SERO issued an Opinion on the operation of the Pelagic Longline
Fishery for Atlantic Highly Migratory Species in federal waters under the Magnuson-Stevens
Act (NMFS 2020). As part of the Opinion, an incidental take statement was issued that
anticipated the non-lethal capture of 366 giant manta rays and 6 mortalities over 3 years in the
Pelagic Longline Fishery. At that time, the incidental take estimate was uncertain as there was
limited incidental capture data of giant manta rays, including mortality data. In addition,
uncertainty surrounded species identifications made by the observers as most records pre-dated
the ESA listing of giant manta rays and subsequent observer training. In 2022, the NMFS
reinitiated the consultation because the number of mortalities documented by the observers have
exceeded what was authorized in the 2020 Opinion. From 2020 through 2023, observers (9.9%
coverage) recorded 9 giant manta rays captured in pelagic longline gear, with 3 documented at-
vessel mortalities. These captures occurred in the mid-Atlantic bight, northeast coastal Atlantic,
and Gulf of Mexico fishing zones. Of note, the majority (approximately 71%) of mobulid
bycatch records from 2019-2023 lacked identification to the species level; it is unclear what

percentage of these records were comprised of giant manta ray.
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The Coastal Migratory Pelagic Fishery

The Coastal Migratory Pelagic (CMP) Fishery operates in the Atlantic Ocean and Gulf of
Mexico. The fishery primarily targets king mackerel, Spanish mackerel, and the Gulf of Mexico
Migratory Group of cobia. The main gear types used in the CMP fishery are hook-and-line
(primarily trolling), cast net, and gillnet. Diver-held spear guns are also a main gear type specific
to cobia. Interactions with manta rays were observed in 2018 for commercial gillnet sets
targeting Spanish mackerel. No interactions with giant manta rays for the gill net component of
the king mackerel fishery were reported or observed (NMFS 2023). In addition, recreational
anglers targeting cobia along Florida’s east coast are known to track giant manta ray migrations
for the purpose of targeting cobia (Pate 2023; Braun et al., 2024). These anglers will seek out and
cast at or near giant manta rays to catch the cobia that are associated with the manta rays (e.g.,
cobia travel beneath manta rays) (Bishop, 1999; McNally, 2012; Roberts, 2022). This fishing
practice primary occurs off Florida’s east coast within the boundaries of the Gulf of Mexico

Cobia Migratory Group within the Florida East Coast Zone.

On May 1, 2023, NMFS SERO issued an amendment to Biological Opinion on the operation of
the CMP Fishery in federal waters under the Magnuson-Stevens Act (NMFS 2023). As part of
the Opinion, an incidental take statement was issued that anticipated the non-lethal capture of
714 giant manta rays and 63 mortalities (including post-release mortality) over 3 years in the
CMP Fishery. The incidental take is highly uncertain and is based on discard logbook and
observer program data from 2010 to 2020. The discards have percent standard error values over
100 indicating a high level of uncertainty (NMFS 2023). A recent study that was published after
the 2023 amendment to the CMP Biological Opinion (Braun et al., 2024), found 86% of cobia
anglers interviewed along Florida’s east coast reported that they had or their clients (charters)
had incidentally hooked giant manta rays while casting at manta rays when fishing for cobia
(Braun et al., 2024). In addition, 93% of anglers reported having observed giant manta rays with
hooks and training lines or evidence of vessel strike injuries. Overcrowding and increased vessel
activity is also a vessel strike concern as anglers have reported seeing an average maximum of 22
boats (range: 1-50) surrounding a single ray or group of rays at the same time (Braun et al.,
2024). The most recent information indicates that this fishing practice results in a potentially
significant amount of incidental hooking and an increased risk of vessel strike. It is also possible
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that vessel overcrowding and incidental hooking are disrupting giant manta rays use of this area
which is used during migration and is a potentially important foraging and reproductive habitat

for this species (Pate 2024).

Atlantic HMS Fisheries (Excluding the HMS Pelagic Longline Fishery)

Fisheries managed under the Consolidated Atlantic HMS FMP (excluding the pelagic longline
fishery) operate within Federal waters of the U.S. EEZ. The gear types authorized include bandit
gear, bottom longline, buoy gear, gillnets, green-stick, handline, harpoon, purse seine, rod and
reel, and speargun. Giant manta rays have been recorded as catch in shark bottom longline gear,
in the research fishery. The shark bottom longline research fishery has 100 percent observer
coverage. Between 2008 and 2016, there were 2 giant manta rays reported caught in the shark
bottom longline research fishery. In addition, Kroetz et al. (2020) reviewed observer data from
1998 to 2017 and documented giant manta ray interactions in drift gillnets (80%, n=6) targeting
sharks. All these interactions occurred in the U.S. Atlantic, with the majority occurring along
Florida’s east coast, followed by nearshore North Carolina (Kroetz et al., 2020). Of the 6
observed interactions, one resulted in a mortality. As part of the Opinion, an incidental take
statement was issued that anticipated the non-lethal capture of 9 giant manta rays over 3 years in

the Consolidated Atlantic HMS Fishery.

STATE FISHERIES

Various fishing methods used in state commercial and recreational fisheries, including purse
seine, gillnets, trawls, pot fisheries, and vertical lines are all known to incidentally take giant
manta rays, but information on these fisheries and their impacts on giant manta rays is sparse
(NMFS 2024). Most of the state fisheries data are based on extremely low observer coverage, if
any, or giant manta rays were not part of data collection; thus, these data provide insight into
gear interactions that could occur but are not indicative of the magnitude of the overall problem

of fishery bycatch is state fisheries.

Secondary Threats

The largest cause of direct mortality of giant manta rays globally is targeted fishing and capture
as bycatch, they face a range of secondary threats including: recreational fishing; vessel strikes;
interactions; entanglement; oil spills; marine pollution; and climate change (NMFS 2024). While

these threats are known, the extent to which these impacts may affect individual health and
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overall population fitness is unclear (Couturier et al., 2012; Croll et al., 2016; Stewart et al.,

2018).

Recreational Fishing

Recreational fishing from private vessels and fishing piers may interact with giant manta rays.
For example, giant manta rays have been observed and reported foul-hooked from boats, fishing
piers, jetties, and by recreational anglers fishing for sharks during tournaments. Pate and
Marshall (2020) found that 27% of the observed giant manta rays in southeast Florida were foul-
hooked or entangled in fishing line, and, of those, 38% interacted with fishing gear more than
once. More recent data found that of 152 individual manta rays recorded in southeast Florida,
23.7% had interactions with recreational fishing gear and, of those, 61% had multiple
interactions (C. Horn., NMFS, pers comm to J. Pate, 2023). These manta rays were commonly
seen in the vicinity of fishing piers and inlet jetties (Pate and Marshall, 2020), and anglers have
been observed casting at juvenile manta rays (J.H. Pate unpublished data). NMFS has also
documented several manta ray captures by anglers targeting sharks from the shore and from
vessels (C. Horn unpubl. data). While some fishing interactions may result in minimal permanent
injury to the manta ray, they likely cause considerable stress and possible sub-lethal effects.
When fishermen have accidentally hooked manta rays, fight times have been over one hour (J.
Pate unpubl. data cited in Pate and Marshall, 2020). Fight time is correlated with physiological
stress (i.e., lactate production) in elasmobranchs, with smaller sharks producing more lactate than
larger sharks (Gallagher et al. 2014). Fishing line entanglement can have non-lethal effects,
including truncated cephalic fins (Deakos et al., 2011), deep lacerations to the body (Pate and
Marshall 2020), stress (Gallagher et al., 2014), and impaired feeding or swimming. In addition,
amputations and disfigurements, specifically those of the cephalic fin, may reduce feeding
efficiency, and the absence of this fin may negatively affect size, growth rate and reproductive
success (Marshall and Bennett 2010, Deakos et al., 2011, Couturier et al., 2012, Stewart et al.,
2018a). While there have been no manta ray deaths directly attributed to recreational fishing,
mortality may be cryptic as manta rays are negatively buoyant, reducing the likelihood of dead

animals washing ashore.
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Vessel Strike

Vessel strikes are evident in every monitored manta ray population across the globe (Stewart et
al., 2018a). Spending considerable time at the surface (e.g., while feeding and basking; Braun et
al., 2014; Braun et al., 2015) manta rays are especially susceptible to vessel strikes (McGregor et
al., 2019; Stevens and Froman 2019; Armstrong et al., 2020; Augliere, 2020). Vessel strikes are
spatially variable and are more likely to occur where vessel density and manta ray aggregation
along surface waters is high. For example, off the Ningaloo Coast, vessel strikes were highest
during the seasonal aggregation of manta rays, which was attributed to an abundance of
zooplankton around the area (McGregor et al., 2019). In French Polynesia, observations of manta
rays with sub-lethal injuries caused by fishing gear or boat strikes are more likely near inhabited
islands than near uninhabited islands (Carpentier et al., 2019). In addition, in some parts of their
range, such as the northwest Atlantic, it is likely that the seasonal contraction of suitable manta
ray habitat during the warmer months increases their proximity to busy ports, which could pose a
serious threat to the species (Garzon et al., 2020). For example, Garzon et al. (2020) found that
the Southeast U.S., followed by Venezuela and The Bahamas, had the largest areas of overlap

between predicted core manta ray habitat areas and intense commercial vessel traffic (Figure 3).
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Figure 3: Core manta ray habitat predicted through ensemble ecological niche models with ship traffic, shipping

routes and major ports displayed across the western central Atlantic. Source: Garzon et al. (2020)
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When comparing the likelihood of vessel strikes on juveniles versus adults, the observed habitat
use of juveniles may make them more prone to this threat (Strikes et al., 2022). For example,
human activity and vessel traffic is extremely high in the giant manta ray nursery habitat along
Florida’s Atlantic coast, and vessel strikes are one of the most common sources of injuries to
juvenile giant manta rays that frequent the coastal waters there (Pate and Marshall, 2020). Of the
known individual giant manta rays (n=179) occurring in southeast Florida, 15 individuals (8.4%)
have been recorded with apparently non-lethal vessel strike injuries between June 2016 and
December 2023 (J. Pate, pers. comm. to C. Horn, NMFS SERO PRD, January 12, 2024).
However, interpreting reported vessel strike data can be difficult due to the fact that many vessel
strikes are not detected and/or go unreported, and there are reporting biases related to spatial
coverage of reports (Pate and Marshall 2022; Garzon et al., 2020; McGregor et al., 2019).

One source of underreporting for manta ray vessel strikes is the rapid wound healing
characteristic of the species. McGregor et al. (2019) found that manta ray wound healing follows
a negative exponential curve, with 37% of the wound closed after 33 days and 95% of the wound
closed after 295 days making vessel strike injuries less likely to be identified the longer the
wound goes unobserved. Further, researchers note that identifying vessel strike injuries once the
wound is mostly closed is exceedingly difficult, especially when most photographs are poor
quality making it difficult to observe the injury (C. Horn, NMFS pers comm. to J. Pate, MMF,
July 18, 2024).

No information is currently available to estimate mortality rates for giant manta rays from vessel
strikes. However, for sea turtles, greater than 75% of vessel strikes result in mortality with only
10-20% of vessel strikes being observed (Foley et al., 2019). The mortality rate for giant manta
rays is likely higher because the giant manta ray’s head and body cavity, which includes all
major organs, is large, making up about approximately half of their body’s surface area. While
surface feeding and basking their body cavity and head are at the surface, unlike sea turtles, the
giant manta ray has no hard shell to protect their vital organs, thus, making it more likely that
injuries sustained to the head and body will be fatal. It is notable that all the vessel strike injuries
documented within the southeast Florida survey domain have occurred on the individual's
pectoral fins, not the head or body. Lethal vessel strikes are unlikely to be observed because
giant manta rays sink once they die due to their lack of a swim bladder. For these reasons, the
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giant manta ray mortality rate and unobserved vessel strike death rate may be higher than sea

turtles.

Entanglement in Non-fishing lines

The giant manta ray must constantly swim in order to move water over their gills to breathe, and
mooring line or rope entanglement can significantly restrict their ability to swim, rapidly leading
to asphyxiation and death (Manta Trust 2019). Entanglement in mooring, anchor line, ropes, and
buoy lines can also cause disfigurements and amputations (i.e., missing cephalic lobes) (Braun et
al., 2015; Convention on Migratory Species 2014; Couturier et al., 2012; Deakos et al., 2011;
Germanov and Marshall 2014; Heinrichs et al., 2011). The eyes on a giant manta ray are
positioned on the sides of their heads, limiting their vision in front of them. This makes it less
likely that they will see a line directly in front of them as they swim forward. It is likely that
giant manta rays become entangled because, when the line makes contact with the front of the
head between the cephalic lobes, the animal’s reflex response is to close the cephalic lobes,
thereby trapping the rope, which entangles the animal as it begins to roll in an attempt to free
itself (A. Marshall pers comm to C. Horn, NMFS, 2019). In 2017, a giant manta ray was
documented as dead, entangled in a vessel exclusion line (steel cable) near Pompano Beach,
Florida. The female measured 2.48 m in disc width and had no other signs of injury or fishing
line entanglement. It is likely that the manta ray became entangled in the line and drowned (Pate
et al., 2020). In Hawaii, numerous manta rays have been reported to have died or have evidence
of injury (i.e., amputations or disfigurements) as a result of entanglement in mooring lines
(Deakos, 2011). Mooring line entanglements have resulted in the death of numerous manta rays
in the Maldives (Manta Trust, 2019). There have been several reported incidences of giant manta
ray entanglements on vertical lines deployed during oil and gas activities. Oil and gas activities
can deploy numerous vertical lines during operation including diver downlines, acoustic buoy
release lines, acoustic pinger lanyards, nodal tether cables, and nodal lanyards etc. Similar to
mooring line entanglements discussed above, the giant manta ray cannot see a vertical line
directly in front of them and they become entangled once the line makes contact with their head.
There have been several confirmed reports of giant manta rays becoming entangled in vertical
lines deployed by commercial oil and gas divers in the Gulf of Mexico in recent years (C. Horn
and N. Famer unpublished data 2022). For example, in 2013, 2021, and 2022, there were reports

of giant manta rays entangled in a vertical downlines deployed by oil and gas divers. In addition,
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commercial oil and gas divers have reported numerous incidences of large rays, possibly giant
manta rays in close proximity to underwater operations. It is thought that zooplankton are
attracted to the underwater lights deployed by commercial divers. The amassing of zooplankton
may be attracting giant manta rays to underwater operation sites where vertical lines are

deployed increasing the risk of entanglement (C. Horn, NMFS, personal observation).

Marine Pollution

In locations with high densities of plastic debris and microplastics, giant manta rays may directly
ingest plastic marine debris and microplastics, the consequences of which may include exposure
to toxic plastic additives and persistent organic pollutants (POPs) (Stewart et al., 2018;
Germanov et al., 2019). Studies have found elevated levels of some heavy metals in ray tissues
(Essumang, 2009, 2010; Ooi et al., 2015) and low levels POPs (Germanov et al., 2019).
Phthalates and/or POPs have been recorded in tissue samples of baleen whales, basking sharks,
whale sharks, and manta rays in areas with high levels of microplastic pollution (Fossi et al.,
2014, 2016, 2017; Germanov et al., 2019), indicating that filter feeding organisms are likely
bioaccumulating these pollutants as a result of plastic ingestion. A number of studies have
demonstrated that ingesting indigestible particles (e.g., microplastics) can block adequate
nutrient absorption and cause damage to the digestive tract. Microplastics can also have high
levels of toxins and POPs, and introduce these toxins to the animals via ingestion (Jakimska et
al., 201; Germanov et al., 2018). These toxins can bioaccumulation over decades, in long-lived
filer feeders like the giant manta rays, leading to potentially disruption of biological processes
(i.e., endocrine disruption) and potentially altering reproductive fitness (Rochman, 2013;
Rochman et al., 2014). Furthermore toxins can be transferred from mother to offspring (Lyons et
al. 2013), potentially impacting growth survival and reproduction of progeny (Galloway and
Lewis, 2016; Germanov et al., 2018). Additionally, zooplankton can be contaminated with
pollutants and toxins (Fossi et al., 2014) through ingesting microplastics and nanoplastics (Cole
et al., 2013; Setild et al., 2014). This suggests that giant manta rays may be secondary consumers
of microplastics and associated pollutants even if they are foraging in locations (or at depths) that
do not have high densities of floating microplastics Yet, the implications of exposure to pollution
and contaminants on the giant manta ray, remain speculative, especially at the level of individual

fitness and population viability (Stewart et al., 2018).
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Oil and Gas Activities

A recent ecological vulnerability assessment of elasmobranchs and other large pelagic fish found
that giant manta rays have the highest ecological vulnerability (compared to other elasmobranch
species) to oil spills within the Gulf of Mexico (Romo-Curiel et al., 2022). Giant manta rays are
highly susceptible to the negative health effects associated with oil exposure because they are
filter feeders that form seasonal aggregations near oil and gas infrastructure in the Gulf of
Mexico (Carpenter, 2002; De la Parra Venegas et al., 2011; Couturier et al., 2012; Hueter et al.,
2013; Worm et al., 2017; Germanov et al., 2018; Stewart et al., 2018; Kahane-Rabbort et

al., 2022). Giant manta rays can also encounter oil while swimming, resting, basking, and
feeding in their habitats impacted by oil spills. Because giant manta rays are negatively buoyant,
carcasses will sink, suggesting a low probability of observing lethal oil impacts to the species.
Direct contact with oil can result in significant health effects and jeopardize the giant manta ray's
survival. The effects of ingesting indigestible particles, such as oil, include blocking adequate
nutrient absorption and causing mechanical damage to the digestive tract. The giant manta ray
may also ingest toxins through their prey since zooplankton can be contaminated with oil and
other toxins (Fossi et al., 2014; Cole et al., 2013; Setéli et al., 2014; Goswami et al., 2023)
causing significant health implications. While studies have suggested that highly mobile fish,
like the giant manta ray, may actively shift habitat to avoid oil, thereby reducing or minimizing
exposure, this active avoidance may alter important behavior (i.e., foraging and reproduction)
and migration patterns, resulting in detrimental effects on populations (Pulster et al., 2020;

Dornberger et al., 2020; Romo-Curiel et al., 2022).

Climate Change

Warming oceans cause changes in ocean acidity, oxygen content, oceanic circulation, and
primary productivity dynamics, ultimately affecting food web structure and the distribution and
availability of manta ray prey (Moloney et al., 2011). The major impact of climate change on
manta rays is likely to be the projected decline in zooplankton biomass in tropical waters
(Stewart et al., 2018a). Biogeochemical models predict that between 1980 and 2100 global
zooplankton biomass will have declined by 7-16% (Chust et al., 2014; Stock et al., 2014;
Woodworth-Jefcoats et al., 2017; Heneghan et al., 2023), but some regions, particularly those in
the tropics, could experience >50% decline in zooplankton biomass (Stock et al., 2014). While it

is unknown how this broad-scale decline in zooplankton biomass at the tropics could impact
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local areas where giant manta rays feed, the most likely outcome is that there will be lower
zooplankton biomass available for manta rays. In addition, changes in climate and oceanographic
conditions, such as acidification, are also known to affect zooplankton structure (size,
composition, and diversity), phenology, and distribution (Guinder and Molinero 2013). As such,
the migration paths and locations of both resident and seasonal aggregations of manta rays,
which depend on these animals for food, may similarly be altered (Australian Government 2012;
Couturier et al., 2012). To date, warming in northern latitudes off the US East Coast appears to
have resulted in a significant northerly shift of manta ray distribution (Farmer et al., 2022).
Resulting changes in zooplankton availability could affect the behavior and health of giant manta
ray populations. For example, shifts in seasonal migration patterns to feeding grounds and
nursery areas could have profound impacts on the species’ survival. Additionally, some giant
manta rays use coral reefs as cleaning stations where small fish remove parasites and dead or
diseased skin from their bodies. As sensitive reef habitats degrade due to climate-driven changes,
the abundance of cleaning stations and cleaner fish may be reduced (Jones et al., 2004; Graham
et al., 2008). The loss of cleaning opportunities can hinder the giant manta ray’s ability to reduce

parasitic loads and dead tissue, leading to increased disease and reduced survival.

Aquarium Trade

The giant manta ray is traded internationally for display in public aquariums around the globe.
Yet, there is limited information available on the number of animals taken from wild populations
for the aquarium trade. Several known aquariums display manta rays collected from wild
populations for public display. These aquariums include the Georgia Aquarium (United States),
Okinawa Churaumi Aquarium (Japan), Nausicaa National Sea Center (France), Atlantis Resort
(The Bahamas), S.E.A Aquarium (Singapore), and uShaka Marine World (Durban, South
Africa). The available information indicates that some manta rays are transferred among
aquariums. For example, the manta ray at UShaka Marine World outgrew its tank, and was
eventually transferred to the Georgia Aquarium (Banks 2008). While most wild collected
individuals remain in captivity, the Atlantis Resort is one facility that has successfully returned
13 individuals to the wild populations (Rutger 2018). There is limited information available on
the total number of individuals collected for exhibition/aquarium purposes and whether those
individuals are giant manta rays or reef manta rays. The only international trade data available

comes from the CITES Trade Database. Since the giant manta ray was listed under Appendix II
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in 2016, the CITES Trade Database (https://trade.cites.org/) reports that two giant manta ray
export permits were issued, both in 2018, for France to receive two giant manta rays from the

United States for exhibition purposes.

With respect to domestic trade, Florida is the only state within the U.S. that authorizes giant
manta ray collection for aquarium and exhibition purposes. The Florida Fish and Wildlife
Conservation Commission (FWC) authorizes the collection of giant manta ray from the wild
under a Special Activity License (SAL) for exhibition purposes. In 2009 and 2010, three giant
manta rays were removed from Florida’s waters for exhibition purposes for the Georgia
Aquarium. More recently, from 2019 to 2022, the FWC has issued 17 SALs for the collection of
giant manta rays for exhibition purposes. These SALs were issued to a number of aquarium
facilities that were not previously known to exhibit/display manta rays, including: Nausicaa
National Sea Center (France), Hainan Ocean Paradise (Hainan, China), Rizhao Ocean Park
(Shandog, China), Changxing Taihu Longzhimeng Sea World (Shanghai, China), Chongqing
Andover Ocean Park (Chongqing, China), SeaWorld Abu Dhabi (United Arab Emirates), and
The National Aquarium LLC (Maryland, United States) (L. Gregg pers comm to C.Horn July 18,
2023). Despite the receiving the SALs, these facilities were not successful in collecting any
individuals from Florida waters. In addition, no CITES export permits were issued for the
collection licensed by the FWC. The FWC sets its annual collection quota based on the
traditional level of collection request that the state has received for exhibition purposes (L. Gregg

pers com to C. Horn, July 18, 2023).
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