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“Eagle ray two o’clock about 
50 meters!” Captain Pete yells 
from the tower. Captain Dean 
throws the seine net anchor over 
the side of the boat and Pete 
drives in a tight circle to create 
an enclosure called a net corral. 
Donning masks, fins and snor-
kels, Pete and Dean jump into 
the water with smaller dip nets. 

“He’s on your right – near the 
net. No, your other right!” Kim 
laughs. Dean and Pete have 
done this many times. They 
work together to herd the spot-
ted eagle ray toward the side of 
the enclosure and then into one 
of the dip nets. Kim and her as-
sistant, Krystan, pull in the seine 
net so the circle around the ani-
mal shrinks. Finally the team of 
four lifts the spotted eagle ray 
out of the water and into a spe-
cialized tank on the boat. This 
is a medium-sized ray so they 
don’t need the hoist.

Welcome Aboard

“He’s beautiful!” Kim pauses, 
“It is a he isn’t it?” She checks 
for claspers (male sex organs). 
“Yes! It’s a male.” 

Kim Bassos-Hull is Senior 
Biologist at Mote Marine 
Laboratory in Sarasota, Florida. 
She has been studying spotted 
eagle rays since 2009. “In our 
study of this species along 
the southwest Florida coast, 
we have observed a trend in 
declining numbers of rays during 
aerial and boat surveys. We 
aren’t sure if this reflects shifts 
in range or actual reduction 
in numbers,” says Kim. “They 
are heavily harvested in 
places like Mexico, Cuba, and 
Southeast Asia as food. Possible 
overfishing, combined with their 

low reproductive rates, make 
spotted eagle rays a vulnerable 
species.” 

Spotted eagle rays are some 
of the most elegantly beautiful 
animals in the ocean. Triangular 
in shape with a thin whip-like 
tail, they look like a folded paper 
airplane. They have glistening 
white spots on their dorsal 
surface or topside that contrast 
against a dark brown to black 
background. The spots sparkle in 
the sun like a diamond-studded 
cloak. Their ventral or bottom 
sides are white, which creates 
a shading pattern that makes 
them less visible to predators 
from below. They are one of 
the few rays known to leap out 
of the water.  When a ray leaps 

claspers
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on a sunny day, you can see 
water glistening as it rains off the 
pectoral fins. It’s a spectacular 
sight! 

Swimming around the tank, 
the ray checks out his new sur-
roundings. “Look at that tail,” 
says Kim. The long, thin tails of 

Kim measures the claspers and 
reports their calcification status 
(a sign of maturity). She counts 
the number of barbs on the tail. 
There are usually one to six. This 
animal has four so Kim handles 
him with care. She also checks 
for shark bites, remoras or rem-
ora scars. 

Dean and Krystan carefully 
flip the ray over in “burrito posi-
tion”–ventral side up with wings 
tucked around to the dorsal side. 
This often causes the animal to 
go into a dream-like state called 
“TI” for tonic immobility. 

Next, Kim uses a tiny needle to 
take a blood sample from the ani-
mal’s tail. She’s careful to avoid 
the barbs. She gets out a scanner 
to try to locate a Passive Integrat-
ed Transponder or PIT tag. Like 
microchips used to identify dogs 
or cats, these tags tell the scien-
tist whether this is a recapture, 
that is, an animal that has been 
captured before. Surprisingly, this 
eagle ray has a PIT tag. Kim reads 
off the number - D61A2.

“That’s an odd number–a series 
I don’t recognize!” exclaims Kim. 

“Remember when we started 
this project we had a hexadeci-
mal numbering system? Maybe 
this is a really old tag,” suggests 
Pete.

  “I bet you’re right. We can check 
when we get back to the lab.”

This is exciting! Recapture dur-
ing the same season has hap-
pened before, and even recap-
ture in consecutive seasons. But 
seeing the same spotted eagle 
ray after four years will be a re-
cord for this research study. It 
will give the team interesting 
data on growth rate, changes 
in spot patterns, and an overall 
health assessment.

Throughout the workup, Kim 
and Krystan have taken photo-
graphs of each step. Now Kim 
takes pictures of the ray’s rem-
ora scars. Are these new scars, 
or will they show up on the old 
photos?  How long do remora 
scars last? Does the remora hurt 
the rays, or does it have a sym-
biotic relationship? “I think it 
may be more like a parasite that 
causes injury when it latches on. 
It slows the ray down, which 
could make it more vulnerable 
to predators,” Kim says while 
snapping another photo of a 
scar on the ray’s skin. 

Dean inserts a spaghetti tag 
in the lower section of the left 
pectoral fin. Unlike the invisible 
PIT tag that requires a scanner, 
the spaghetti tag, which has a 
code and contact information, 
is a visible strip with a small 
barb that is anchored in the ani-
mal’s muscle. The visible part of 
the tag has a code and contact 
information. 

The ray doesn’t even flinch. 
Kim hopes a diver will notice 
the tag and report it. Or, if a 
fisherman catches the ray, the 
date, time and location will be 
reported back to her lab. 

After 20 minutes, the spotted 
eagle ray is ready to be scooped 
up in a net, weighed and released. 

spotted eagle rays are often bit-
ten off by sharks or broken off 
when the tail gets caught on an 
underwater obstacle. This tail 
is almost nine feet long, about 
three times the length of the 
ray’s body. 

Captain Pete anchors the ves-
sel to keep it from drifting too 
far; he also keeps an eye on boat 
traffic. Dean and Krystan hold 
the spotted eagle ray while Kim 
takes measurements. With a 
light plastic measuring tape, she 
reads off the body length (tip of 
snout to edge of pelvic and pec-
toral fins), the disk width (wing 
tip to wing tip), width between 
spiracles (openings behind the 
eyes that lead to the respiratory 
system), width between eyes, 
and the length from a spiracle to 
the snout. Because it’s a male, 

Krystan and Dean are already in 
the water ready to capture pho-
tos and video of the animal as it 
swims off. The ray wastes no time 
doing a shallow dive then “fly-
ing” across the sandy bottom. 

There is a light wind as the boat 
heads farther into the Gulf of 
Mexico. Just off New Pass, there 
are several groups of cownose 
rays. These rays are common in 
the Gulf. Smaller than spotted 
eagle rays, cownose rays have 
a stubby snout with two lobes. 
They are usually brownish in col-
or and are often seen in schools 
of four to 400. Kim records 
groups of eight, 20, 50 or more.

In addition to cownose rays, 
we see devil rays. Like the 

remora scar
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cownose rays, devil rays tend 
to travel in schools. They are 
easily recognizable by cephalic 
lobes that resemble horn-like 
extensions from the head. 
Physically similar to manta rays 
but much smaller, devil rays are 
less common in the Gulf than 
cownose rays or spotted eagle 
rays, but for the last month 
calls have come into Mote from 
all along Florida’s southwest 
coast reporting sightings of 
these animals. 

The lab often gets calls from 
beach-goers and boaters re-
porting sightings of unusual 
marine life, injured sea turtles 
and marine mammals. Kim 
takes waypoints on the GPS 

and records numbers of ani-
mals. Once she returns to the 
lab and downloads the informa-
tion from the GPS into the com-
puter, the waypoints will give 
her the latitude and longitude 
for each sighting.

After another hour of cruis-
ing along the shore between 
Big Pass and New Pass, the 
team has not seen another 

spotted eagle ray so they 
head back to the Mote dock. 
There are days when the team 
returns exhausted after catch-
ing and collecting data on four 
or five rays. There are other 
days when they are disap-
pointed because they don’t 
find a single ray. “Some days 
are better than others,” says 
Kim with a smile and a shrug. 
“We let the animals tell the 
story of why they are pres-
ent or absent on certain days, 
tides, seasons. All this infor-
mation helps us to paint a bet-
ter picture of when they ar-
rive off Sarasota shores, when 
they leave, and habitats they 
use while they are here.” 

Before Kim began her re-
search on rays, she studied 
several types of marine mam-
mals. “My interest in marine 
animals started when I was 
in high school in Connecti-
cut,” says Kim. “I had the op-
portunity to see right whales 
off Provincetown, Massachu-
setts, and to learn about the 
conservation issues surround-
ing large marine mammals. I 
remember the naturalist on 
board the whale watch trip 
saying how little was known 
about these majestic ani-
mals. That experience set the 
course for my career.”

Kim’s enthusiasm for the wa-
ter extends beyond her science 
career. She organizes kayak and 
paddleboard Ecotours through 
mangrove tunnels and grass 
flats around Sarasota Bay.  “By 
leading these tours, I’ve found a 
natural way to communicate to 
the public about marine wildlife 
and the conservation issues that 
they face.” 

Kim is dedicated to the con-
servation of the magnificent 
spotted eagle rays. She enjoys 
sharing information with stu-
dents, and also adult boaters 
and anglers. Similar to the way 
she started her research with 
dolphins, Kim’s work with rays 
started with a spark of curios-
ity. “Pete and I noticed that 
there seemed to be more spot-
ted eagle rays than usual in the 

Sarasota passes in 2009, some-
times in large groups. When I 
went online to look at published 
research on spotted eagle rays, 
I found very little. Most of the 
information came from fisheries 
accounts. I realized there was a 
need to gather basic life history 

information on these rays in our 
coastal waters, especially since 
the IUCN (International Union 
for Conservation of Nature) 
lists spotted eagle rays as ‘Near 
Threatened’ (NT) globally and 
‘Vulnerable’ (VU) in southeast 
Asia. A study project was born!”

Cast net – a small circular net with weights around the edge. The 
net is thrown so it spreads out in the water and sinks. Attached to 
the net is a line, which is held as the net is thrown. When the net is 
full, a clamp closes the net around the fish. Once the net is closed, 
the fisherman can pull in the line and lift the catch out of the water. 

Seine net – a net that hangs vertically in the water. The bottom is 
held down by weights and the top has floats to keep it above the 
waterline. Widely used in the past, seine nets appear in Egyptian 
tomb paintings and in ancient Greek literature.

Dip net – also called a scoop net, this is a small net or mesh basket 
held open by a hoop. It often has a handle.

spaghetti tag
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Donuts and Peanuts
To help protect the spotted ea-

gle ray species from becoming 
threatened or endangered, Kim 
must find out more about the 
current population. She needs 
to know how many there are in 
the Gulf, whether they travel in 
groups, in pairs or individually. 
If they travel in groups, are the 
groups made up of one sex or 
mixed sexes? Are they grouped 
by age? What do they eat? What 
eats them?  Do they travel long 
distances or stay mainly in one 
area? Where do they go during 
the winter? Do the same rays re-
turn to this area every year?

As with any study of an ani-
mal, in order to answer these 
questions, Kim must establish 
a method for identifying indi-
viduals. Photo-identification has 
been used to study many animal 
populations, from zebras to el-
ephants to dolphins. The photos 
focus on unique markings like 

pigmentation patterns, distinc-
tive fin or tail shape, or long-
lasting scars. These help the sci-
entist to match photographs of 
specific animals.

The white spot patterns on 
the dorsal side of the eagle rays 
are ideal for this type of ID. The 
patterns do not change a lot 
over time, and they are complex 
enough to be able to tell one in-
dividual from another. 

Kim has selected the head as 
the best area to compare spot 
patterns, so she makes sure 
she has clear photographs of 
the head of each animal the 
team catches. This technique 
takes practice and multiple 

photographs because she has 
to make sure that glare or wa-
ter disturbance doesn’t blur 
the image. 

Back at the lab, Kim down-
loads photographs taken dur-
ing morning field work onto 
the computer. Photos of the 
spotted eagle ray are orga-
nized into separate files – 
head shots, photos of scars or 

injuries, full body shots and the 
“other” file. The head shots 
will be compared with photos 
of 400 other spotted eagle 
rays in the database. 

Spots appear in three recog-
nizable shapes:   donuts – spots 
with a hole in the middle; pea-
nuts – multiple spots blended 
together; and just plain spots. 
Kim’s team has discovered that 
spots can grow as the rays ma-
ture; new spots can appear; 
spots can also merge into pea-
nuts or spread into donuts, but 
spots do not disappear or shrink. 
One of the things Kim hopes to 
discover is how quickly the spot 
patterns change over time. 

the morning trip and points out 
the most recognizable spot pat-
terns. Then she opens the data-
base with all the headshots of 
local spotted eagle rays. Wow! 
That’s a lot of spots!

Some of the comparisons are 
easy — few spots, no donuts; 
a spot configuration that looks 
like a big “W”. Others require 
more time to check. Krystan 
keeps in mind that this ray may 
have changed since the last cap-
ture. She looks to see if a spot 
has become a donut or if spots 
shifted as the animal matured. 
She selects photos side by side 
to compare. About 2/3 of the 
way through the database, she 
finds a photo that looks very 
similar to today’s animal.

Kim’s assistant, Krystan, brings 
up a photo of the eagle ray from 

spot
peanut

donut
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Manual comparison takes a lot 
of time, so the team experiments 
with a new program called Inter-
active Individual Identification 
System or I3S.  “Basically it’s a 
matching program,” Krystan 
explains.  “It started as an as-
tronomy program to compare 
star groups. Recently, scientists 
have used it to identify whale 
sharks and manta rays. We are 
adapting it to work with our 
database of spotted eagle ray 
photographs.”

“We can choose to have the 
program compare up to 80 ar-
eas, in our case, 80 spots. Usu-
ally, the more spots the better 

the match. We save the dot pat-
tern as a ‘fingerprint.’ Then 
the program goes through its 
matching sequence. It is a little 
like the facial recognition soft-
ware on TV crime shows. We 
zip through the images much 
more quickly than we could do 
by hand.” 

The computer reports the 
matches in order – closest 
match first. The first match the 
computer selects is the same 
spotted eagle ray Krystan iden-
tified manually. Before she 
used the new photo ID soft-
ware, she looked for the PIT 
tag number in the database. 

Her photo ID has confirmed 
that this is the same animal 
caught in 2009. Hooray! Four 
years of changes! The team 
may learn a lot from this spot-
ted eagle ray. 

“There is always a chance 
of human or computer error,” 
says Krystan. “The PIT tag can 
fall out. The quality of the pho-
tos depends on the photogra-
pher’s expertise. Sometimes 
the pictures are not as clear 
as we would like, or the photo 
may have been taken at an odd 
angle. So we use as many ways 
to check data as we can.”

We looked at two photos 
of a different ray, SER217, 
taken about 17 months apart. 
The computer didn’t find the 
match. As we looked at the 
photos closely we could see 
that several of the dots had 
merged into “C”s and pho-
tos were at different angles. 
In this case, the humans did 
a better job of matching than 
the computer. 

Recaptures are exciting. The 
male ray caught today grew al-
most 24% between his first and 
second capture. The informa-
tion on this ray and the other 
recaptured rays is the first 
of its kind collected on this 
species.

 

Food Webs
During the winter of 2009-

2010, temperatures reached 
record lows and Florida’s Gulf 
waters fell to 46°F (8°C). In 
December, Mote’s Center for 
Shark Research (CSR) began 
to receive reports that a large 
number of spotted eagle rays 
had been sighted near the Tam-
pa Electric Company (TECO) Big 
Bend Power Plant near Apollo 
Beach. In addition to providing 
electricity to the city of Tampa, 
the warm water released by the 
plant into the bay provides a ref-
uge for manatees, sharks and seagrass and showing off their 

huge barnacle covered bod-
ies. When a ray leaps from the 
water, the crowd “oohs” and 
“ahs” in amazement.

During December, 2009, sev-
eral dead and emaciated rays 
washed up along shores near the 
power plant, and in February, 
Kim and her team received two 
fresh spotted eagle ray carcasses 
from the TECO staff. Performing 
a complete necropsy on each of 
the animals, they found empty 
stomachs and poor body condi-
tion. They determined that the 
rays probably starved to death.

In March, 2010, Kim and her 
team captured four rays just out-
side the discharge canal. All of 

the animals were very thin and 
their overall health was poor. 
By the end of the winter, more 
than a dozen rays had been 
found dead in the Apollo Beach 
area. Staff and volunteers at the 
Apollo Beach Manatee Viewing 
Center reported that this was an 
unusually high number. 

Back in Sarasota, Kim did not 
see any spotted eagle rays dur-
ing her boat surveys from late 
December 2009 to early April 
2010. She suspected this was 
because of the extremely cold 
water. By late April the rays had 
returned, but twenty-seven per-
cent of the rays caught between 
April and June of that year (21) 
were considered “skinny” with 
sunken depressions above the 

rays as well as a number of sport 
and commercial fishes during 
the winter months.  Unlike the 
cold Gulf water, the water in the 
discharge canal is usually in the 
70s°F (20°C) in winter. 

The public viewing area at 
Apollo Beach is a popular spot 
for residents and tourists from 
January to April. Hundreds of 
manatees socialize, snacking on 
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eyes, behind the spiracles and 
along the back. Perhaps this was 
because the spotted eagle rays 
were “cold-stressed” or because 
there was a lack of available food 
due to the winter temperatures. 

As water temperatures 
warmed during the summer of 
2010, the rays Kim caught were 
healthy with normal body condi-
tion. During 2011, a comparably 
warm winter, there were far 
fewer visibly skinny individuals 
and the staff at the TECO Man-
atee Viewing Center observed 
few rays swimming in the warm 
waters of the discharge canal.

What do spotted eagle rays 
eat? Kim suspects that, in Sara-
sota Bay, spotted eagle rays 
probably eat clams, oysters, 
crabs, octopus and sea urchins. 
Because they swim in the mid-
waters of the bays and passes as 
well as along the bottom, eagle 
rays may also eat small fish. 

Like many elasmobranchs, 
spotted eagle rays also have  

electroreceptors in their snouts 
and lower jaws that enable 
them to detect the weak electri-
cal signals of prey buried in the 
sand. Once the potential meal 
is located, the spotted eagle 
ray’s shovel shaped lower jaw 
and mobile duck-like snout are 
uniquely adapted for digging in 
mud and sand on the ocean bot-
tom for small invertebrates. As 
a benthic feeder, the ray scoops 
through the seagrass and sand, 
aerating the earthy material as it 
searches for clams, and crabs. It 
digs up small plants and animals 
that become prey for other spe-
cies as well. 

With its strong jaws, the ray 
crushes its prey with plate-like 
teeth and uses papillae located 
in the mouth to separate the 
shells from the flesh. In necrop-
sies of spotted eagle rays, scien-
tists have found a lack of shell 
fragments in the stomach. This 
ability to consume the nutritious 
soft tissues while removing the 
shells makes the spotted eagle 
ray a true feeding specialist. 

Approximately 750 miles 
from Kim’s research area in 
Florida, Juan Carlos Pérez-Ji-
ménez is studying the biology 
and fisheries of sharks and rays 
in the southern Gulf around 
Campeche, Mexico. Where Kim 
looks at rays as predators, Juan 
Carlos is interested in them as 
prey. Here the rays themselves 
are food. Fishermen catch about 
60 tons of spotted eagle rays 
each year, roughly 3000 animals. 

Rays also used to be eaten 
in Florida. In addition to ray 
steaks, the wing meat was 
sometimes cut and sold as scal-
lops. Today, as a conservation 
measure, spotted eagle rays 
in Florida are a protected spe-
cies. In Campeche, the “white” 
meat of the spotted eagle ray is 
one of the highest priced of the 
elasmobranchs (sharks, skates 
and rays) in Mexico. Cownose 
and devil ray meat is “too red,” 

according to the locals. Rarely 
seen on a restaurant menu, 
eagle rays are usually eaten in 
homes as a special entrée. Often 
dried and salted then fried, the 
meat is served with tortillas, rice 
and vegetables. 

Juan Carlos has worked with lo-
cal fishermen for over six years. 
First he had to win their trust. 
The fishermen in Campeche have 
been catching spotted eagle rays 
for over 100 years. It is part of 
the culture. Fishing is their job 
and they are proud of what they 
do. While they believe there has 
been a decrease in the number 
of rays they catch on any single 
trip, they are concerned about 
limitations on the numbers or 
size of rays they catch or seasons 
they can fish.

As Juan Carlos goes out in 
boats with local fishermen and 
listens to their stories, they have 
begun to understand that he is 
gathering information he hopes 
will help maintain the shark and 
ray populations. Like the fisher-
men, he wants the eagle rays to 
be here for future generations.

The fishing season for spot-
ted eagle rays typically extends 
from January to July. Between 
August and December, the fish-
ermen catch four-eyed octopus-
es as these bring a higher price.

During a late April afternoon, 
local fishermen leave the port for 
their favorite fishing grounds in 
small motorboats called “pangas.” 
Each boat has two nets made of 
polyester twine. After setting the 

gill nets which are anchored to the 
sea bottom, the fishermen return 
home; early the next morning, the 
boats head back out to retrieve 
their catch. Other fishermen use 
drift nets and must stay out all 
night to monitor the nets. Ten 
years ago, each trip might bring in 
30–50 rays. Today the catch aver-
ages 8–10 and sometimes the nets 
are empty.

The fishermen believe there 
are a number of reasons for 
the decline in numbers of eagle 
rays. Bigger nets and powerful 
motors have enabled boats to 
become more efficient. More 
rays are caught, but more ray 
prey – conchs and whelks – also 
food for humans, are caught. 
This diminishes the food supply 
for the rays, which may cause 
them to move to a different hab-
itat. The fishermen also report 
an increase in cownose rays and 
believe this less desirable spe-
cies competes with the spotted 
eagle rays for food and space.

Juan Carlos continues to work 
with the fishermen to try to find 
ways to protect this near threat-
ened species. In the meantime, 
he shares his research with Kim 
– and keeps his eyes open for a 
spaghetti tag that might indicate 
that the Sarasota eagle rays have 
migrated to Campeche, Mexico.
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Interns
School’s out and the high 

school interns are on the dock 
with masks, fins, snorkels and 
sunscreen.  Kim works with 
the “Alumni” group – eight to 
twelve students from local area 
high schools who have complet-
ed one year as interns and want 
to continue their studies in ma-
rine science.

The theme is different each 
year. This year the group stud-
ied dolphins; last year the sub-
ject was spotted eagle rays. The 
group meets biweekly.  At each 
meeting, every intern is respon-
sible for a one- to five-minute 
speech with PowerPoint on 
something related to the year’s 
research theme or a marine sci-
ence topic that is in the news. 

“Public speaking is an impor-
tant skill for the interns to prac-
tice so it is one of the things 
we work on during our weekly 
meetings,” says Kim. As in other 
professions, scientists often talk 
among themselves about their 
research and neglect to share 
it with the public. By publiciz-
ing their research, scientists can 
help people understand why 
eagle rays or dolphins or plank-
ton are important to the oceans, 
and why oceans are important 

to humans. When people under-
stand, they are more likely to 
provide help and support. The 
energy and enthusiasm of these 
students is infectious. When 
they talk to friends and family 
about the importance of conser-
vation, people “get it.”

In addition to public speaking, 
the high school interns develop 
and carry out projects relative 
to ocean conservation. “When 
we interviewed people at the 
Nature Center at Apollo Beach 
about what they knew about 
eagle rays, it was so interest-
ing,” says one intern. “Some of 
the answers were weird,” says 
another, “One person even 

thought a spotted eagle ray was 
a type of manatee.”

One of the intern projects in-
cluded a study of the diet of 
spotted eagle rays in the Gulf. 
Having read that SERS ate 
mollusks, including lightening 
whelks and quahog clams, the 
plan was to find these animals 
in areas where eagle rays had 
been caught, mark the prey ani-
mals, then follow up to see what 
happened to them. Samantha’s 
journal records the project:

 Saturday was the perfect day 
to go out in the boat. The air was 
warm and the sun was shining 
brightly. Our first stop was a sea-
grass bed which was relatively 

shallow. After discussing gas-
tropods and bivalves a little bit 
to get us in the clam-catching 
mood, we jumped over the side 
of the boat to begin our search. 
The first thing on the agenda 
was to find Sunray Venus’. Col-
lecting them was like an Easter 
egg hunt. We found it easiest to 
shuffle through the seagrass and 
find them with our toes. We saw 
mostly crustaceans and tunicates 
and some small snails.

On the way to our next stop we 
used red nail polish to mark the 
13 Venus’ and 10 clams we had 
found.  Then we motored to an 
area known for tulip snails. They 
were hard to collect because their 
shells were covered with algae 
and they often blended in with 
the grass. I only collected three 
tulip snails but Captain Greg con-
sistently came back to the boat 
with armfuls. We ended up with 
35 snails to measure and mark.

For our data collection we mea-
sured the full length and opercu-
lum length. It was tricky because 
the tulip snails used their opercu-
lum to try to slice our hands and 

to wipe off the drying nail polish. 
I thought it was fun even though 
#31 wiped its polish off several 
times.  

One intern alumni project has 
received national attention. 
In 2013, Sean Russell, a high 
school intern alumni, received 
the Christopher Benchley Youth 
Award for founding “Stow It-
Don’t Throw It”, a statewide 
monofilament fishing line recy-
cling program and collaborative 
effort between youth and envi-
ronmental groups. In 2011, with 
the help of Mote Marine Labo-
ratory, Sean led the first Youth 
Ocean Conservation Summit 
held in Florida. It has now be-
come an annual event.

Today there are six high 
school interns hoping to find 
spotted eagle rays. It is hot 
and humid, typical Florida sum-
mer weather, and we have two 
boats. “I need two people in 
the tower,” Kim pauses, “and 
everyone should be looking 
at the water.” It’s easy to get 
distracted when you are sur-
rounded by boats, beaches 
and million dollar homes, but 
the rays move quickly so it is 
important to stay focused. The 
water is choppy and the visibil-
ity is less than two feet, but the 
sandy bottom contrasts with 
the darker bodies of sharks 
and rays so sightings are not 
too difficult.
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“Look at the dark area star-
board side about 50 meters,” 
says Kim. “What do you think?” 

“It’s moving,” says one intern.

“Quickly,” adds another.

“Is it rays?”

“Yes,” says Kim, “but what 
kind?”

“They’re small so they’re prob-
ably not eagle rays.”

“Are they cownose rays?”

“Why do you say that?” asks 
Kim.

“Because it looks like they 
have stubby noses.”

“OK, good observations,” 
says Kim. “Also there are at 
least a dozen of them, and 
usually cownose rays swim in 
groups.”

“Look at how the whole group 
stays in formation as they turn. 
That is amazing!” exclaims an in-
tern in the tower.

“Holy cows!” Everyone groans.

As the boat continues south 
along Lido Key, they see a 
group of tarpon. A favorite of 
sport fishermen, the tarpon 
can be up to eight feet long and 
weigh over 200 pounds. Tour-
ists often mistake them for dol-
phins or sharks.

There’s a call from Ono V. They 
are going to catch and tag a 
couple devil rays, so Kim drives 
the second boat north. Dean is 
throwing a cast net. He has had 
a lot of practice, and he nets the 
rays on the second try.

Once the rays are in the tank, 
the interns scramble across the 
gunwales to the Ono V to get a 
closer look. The two in the tow-
er decide they already have the 
best view, so they stay on boat 
#2. In order to make the quick 
turn required to pull the net 
around a ray, the Ono V must be 
light. There can’t be too many 
people on deck, but once an ani-
mal is caught, speed is not an is-
sue, so more people can board. 

In the tank, Krystan and Dean 
are already measuring one ray 
while a college intern records 
data. Photos, PIT tag, and the 
first ray is ready to weigh and re-
turn to the Gulf. Two interns get 
into the water, and Dean hands 
them the net showing them 
how to dip it below the water-
line to allow the ray to swim out. 
It is gone in a splash. 

The water is 84°F, and it feels 
wonderful, so the interns stay 
in the water while the group on 
the Ono V completes the mea-
suring, photos, and tagging of 
the second devil ray. Soon all 

the interns are in the water and 
the second ray is released. Now 
they need to find a spotted ea-
gle ray.

With everyone back on board, 
the boats head in different di-
rections. Sometimes the sea-
grass beds look like a group of 
rays – but it is just an illusion. 
Schools of bait fish swim by 
and, again, there are tarpon. 

“Is that a ray?” one of the stu-
dents shouts from the tower.

“Where?”

“Port-side about . . .   don’t know 
how far, but it’s moving fast.”

Kim looks. “No, not a ray. It 
looks like a shark.” She drives 
the boat closer but stays behind 
the animal trying not to disturb 
it. “Blacktip shark.”

Everyone looks over the side 
as we follow the animal. 

“It’s not as big as I thought it 
would be,” says one intern.

“It’s about six feet long,” says 
Kim.

“Do you think it was attracted 
to us when we were releasing 
the devil rays?”

“Whoa, there are two more.”

“Probably not,” says Kim, “We 
often see sharks in the pass. 
The bad thing is, when we see 
sharks, we usually don’t see 
rays.” She steers the boat away 
from the sharks and south along 
Lido Key.

It’s twelve thirty, and with 
sharks around, it’s probably 

time for a lunch break. Just 
as we’re heading toward the 
dock, Kim gets a call on the ra-
dio. Pete and Dean have found 
a large eagle ray. Kim speeds 
toward the Ono V.

The net circle is almost 
complete and Pete is in the 
water with his dip net. The 
ray swims close to the seine 
net making it difficult for Pete 
to catch him without getting 
tangled. Finally, he has the 
animal trapped close to the 
boat. Dean lowers the winch to 
help lift the ray into the boat. 
This animal is too big to lift 
manually but small enough that 
he fits in the onboard tank. 
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College interns have put a 
white mat in the bottom of the 
tank to cushion the ray and to 
provide a background for pho-
tographs. He is 170 cm from 
wing tip to wing tip. Definitely 
a big ray!

The water is too choppy for 
the boats to stay close enough 
for viewing, so the high school 
interns swim across to the Ono 
V. This time they take their 
snorkeling equipment. They 
hope to follow this ray when he 
is released.

Dean scans for a PIT tag. No 
tag, so this is a new animal for 
the study. Kim reminds every-
one to be careful. This animal 

has barbs. Five. Ouch, that 
would be nasty if someone 
got stuck!  While humans do 
not usually die from eagle ray 
barbs, the wounds are painful 
and often become infected. If 
the barb breaks under the skin, 
surgery may be required. 

“Is it OK to get in the water 
when he is released?” asks one 
of the interns. 

“Yes, but just stay back at 
least 10 feet and clear of the 
tail.” 

The water is so murky that it is 
tempting to get close, but just 
dropping the side of the net 
and watching the spotted eagle 

ray swim away is still exciting. 
The interns swim with the ray 
as he stays near the boat, but 
eventually he swims off toward 
the Gulf, and the students get 
back onboard. 

“I really didn’t expect it to be 
so big. It was just amazing!”

“His skin was so soft. It was 
like a horse’s nose – velvety.”

Now it’s time to go back to 
the lab for lunch! Kim gives the 
group half an hour. Krystan 
wants to get a head start on 
the data transfer so she takes 
the cameras and the GPS into 
the lab and connects to the 
computer. While the files 
are downloading, she pulls 
up a chair and gets out her 
sandwich. 

By two o’clock the clouds 
have gathered. Looking at the 
weather radar, there is a thun-
derstorm coming our way. This 
is typical of Florida weather. 
Cool breezes in the morning 
keep the clouds off shore, but 
later in the day, as the water 
evaporates into the atmo-
sphere, clouds form and rum-
blings of thunder are heard in 
the distance.  Afternoon boat-
ing is cancelled as it is not safe 
to be on the water during a 
thunderstorm.

Stories from the Past
During the 200 years since a 

European scientist named Eu-
phrasen first described the spot-
ted eagle ray, this amazing fish 
has been viewed in aquariums 
by millions of people around the 
world. It was given the name 
Aetobatus narinari in the late 
1800s. In Greek, “Aeto” means 
“eagle” and “batus” means 
“ray.” The word “narinari” has 
a Brazilian-Indian origin and 
means “stingray.” 

While Kim’s research on spot-
ted eagle rays in the Gulf is the 
first of its kind, this is not the 
first time scientists have re-
ported information about Gulf 
rays. Dr. Eugenie “Genie” Clark 

was the founding director of 
Mote Marine Laboratory. Until 
her death in 2015, Genie was still 
scuba diving and writing scien-
tific papers about her work with 
elasmobranchs and other salt-
water fishes. 

Genie’s office door is covered 
with dive stickers from around 
the world. As you enter, the 
shark jaws above her bookcas-
es grab your attention. Great 
white, mako, tiger shark, bull 
shark – there are all sizes of open 
jaws with rows of sharp teeth. 
The walls are covered with pho-
tos and awards, and at one side 
of her desk is a monitor with a 
live video feed from her convict 
fish exhibit in the aquarium. 

When I sat across from Genie 
at her desk, she looked past the 
piles of papers related to her cur-
rent research and shared tales 
of the early days. “When we 
started the lab (then the Cape 
Haze Marine Laboratory locat-
ed in Placida, 50 miles south of 
Sarasota), the entire community 
seemed to be interested in our 
work. Children in the area often 
came by to see what we were 
doing and fishermen began to 
report unusual events -- mana-
tee sightings, a huge tarpon, 
large amounts of algae collect-
ing on the beaches.”

“People would call the lab 
and describe ‘a whole school of 
sharks’ but they’d state firmly 
that they knew these weren’t 
porpoises or tarpons because 
their fins didn’t ‘roll’ at the sur-
face. When we heard that these 
sharks were swimming in pairs, 
we knew that the mantas were 
back.” 

Manta rays are the largest 
fish, other than the whale shark, 
found along the Gulf coast of 
Florida. The “wings” are huge, 
and the animal’s disc width can 
be up to 23 feet (7M). It can 
weigh over 3000 lbs. Rather 
than a snout, these rays have 
two cephalic fins or “horns.” 
That’s what people were seeing 
as the fins broke the water’s sur-
face. Not sharks, but rays!

In her book, The Lady and the 
Sharks, Dr. Clark recounts her 
experience with a large manta 
ray in November 1961. By then 
the lab had moved to the south 
end of Siesta Key in Sarasota. 
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sounded, pulling the line and 
buoy after him.” After several 
harrowing hours of being towed 
by the manta, the ray made a 
sharp turn and was gone.

The next day Genie went out 
again. She and her team caught 
a smaller manta–2,200 lbs–and 
brought it to the Sarasota City 
Pier. People who had heard 
about the catch packed the 
dock. “Kay and I dissected the 
manta on the pier, and I ended 
up giving a lecture on its anato-
my to the crowd of spectators 
. . .” The owner of a restaurant 
at the end of the pier offered to 
cook some of the animal. The 
dissection took a long time, and 
deep-fried, breaded manta was 
passed around to the audience 
as they watched.

Asked about conservation, 
Genie exclaimed, “We were so 
excited to see these animals. No 
one in the area had ever seen a 
manta up close. We were learn-
ing so much about the fish, 
the dolphins, the turtles. We 
thought the ocean was limitless. 
There were so many animals; so 
many species. We didn’t think 
we would ever run out.”  

Teddy Roosevelt, U.S. 
president from 1901-1909 and 
an avid hunter and fisherman, 
traveled to the Gulf during 
manta season to catch one of 
these incredible creatures. He 
wrote an article, “Harpooning 
Devilfish,” about his experience. 
“The extraordinary shape, huge 
size, and vast power of the big 
devilfish, or manta, give him an 

evil reputation . . .” said Roosevelt. 
Once common in the Gulf of 
Mexico, manta rays are rarely 
seen today. Have the rays moved 
to a different habitat? Are there 
fewer animals due to overfishing? 
Is there a new predator or has 
the food supply disappeared? 
Scientists hope to discover the 
answers to these questions.

levels in the water column, it 
was possible that the number 
was closer to 6000. That’s a lot 
of rays!

At first glance, Genie thought 
the school resembled spotted 
eagle rays. She worried that 
the spots could not be seen 
from 300 feet above the water. 
When the photo was enlarged, 
however, the shape of the head 
became visible and it appeared 
that most of the rays were cow-
nose rays with just a few spot-
ted eagle rays in the group. 

Genie decided to find out 
more about rays. She asked pi-
lots, charter boat captains and 
sports fishermen in the area 
about their experiences with 
rays. She even advertised in the 
newspaper. No one had seen 
large groups of spotted eagle 
rays but many reported seeing 
other kinds of rays, particularly 

the more common cownose 
rays. Like the mantas, they in-
habited local waters in spring, 
summer and early fall. Genie 
published an article called “Mas-
sive aggregations of large rays 
and sharks in and near Sarasota, 
Florida.”

Then in June 1964, Genie re-
ceived a call from the Coast 
Guard reporting that one of 
their helicopter pilots had seen 
rays gathering off Anna Maria 
Island. During the summer and 
fall of 1964 and 1965, Genie 
and her assistant took movies 
of groups of more than 20,000 
cownose rays. They dissected 
more than 100, most caught 
by local fishermen. While they 
never learned why the cow-
nose rays gathered in such 
large groups, they collected a 
tremendous amount of data 
about ray anatomy, group com-
position and behaviors.

On July 18, 1959, Lionel Mur-
phy, a professional photogra-
pher known for his aerial shots 
of the Sarasota area, noticed a 
large school of rays over a sand-
bar in Big Pass. He recorded this 
extraordinary phenomenon and 
took the photos to Genie at her 
Siesta Key Lab.  According to Mr. 
Murphy, he saw the rays in an 
area of Big Pass where the wa-
ter was five feet deep. The plane 
circled the rays for ten minutes 
at a height of 300 feet. After in-
tense study of the photograph, 
Genie determined that there 
were at least 3000 rays in the 
group. Given the fact that the 
rays were probably at different 

An airplane pilot called to report 
seeing half a dozen manta rays.  
It was late in the year for spot-
ting mantas in the area. 

“We took our boat, the Danc-
er, and around noon located 
a basking manta. We . . . ap-
proached the creature cautious-
ly. It looked like a gigantic black 
blanket spread out on the sea,” 
Genie recalled.

Although they knew they 
would probably lose their spear 
and their line, Genie and her 
team were so anxious to study 
this animal, they decided to 
catch it and bring it back to the 
dock. “John was ready with 
the harpoon gun and fired into 
several tons of flesh. The man-
ta exploded into action with 
an immense splash and then 

       “Harpooning Devilfish”



2524

Medical Discoveries
Kim and her team had cap-

tured and tagged a huge spot-
ted eagle ray, almost 90 pounds, 
the previous week, so they were 
anxious to look for more eagle 
rays. Today, however, she would 
share the boat with scientists 
looking for another kind of ray. 

Groups of devil rays, Mobula 
hypostoma, not common in the 
area, have been spotted re-
peatedly off Longboat Key this 
spring. Dr. Carl Luer and Dr. 
Cathy Walsh, scientists working 
on medicinal benefits derived 
from sharks and rays, hope to 
catch several of these members 
of the shark family to get sam-
ples of mucus from their skin.

Sharks and rays secrete pro-
tective mucus, but the dermal 
denticles, literally “skin teeth,” 
of sharks make it difficult to col-
lect the mucus.  The smaller den-
ticles on rays make collecting 
mucus from these shark relatives 

easier.  These scientists are 
studying the mucus to explore 
its potential role in the infection-
free healing of wounds common-
ly observed with sharks and rays. 

“Everybody who works with 
sharks and rays has a story 
about seeing massive wounds 
that heal, but there has never 
been a way to fund research 
to study it,” explains Dr. Luer. 
“Now the military is looking for 
new antibiotic compounds since 
wound infection pathogens are 
becoming increasingly resistant 
to the antibiotics commonly in 
use. Preliminary data from our 
lab in the mid-2000s suggested 
that bacteria isolated from the 
mucus of stingrays had antimi-
crobial properties. Our hypothe-
ses are: 1) infection-free wound 
healing in sharks and rays is re-
lated to antimicrobial activity 
present in epidermal mucus, and 
2) mucus-derived compounds 
will be effective against a variety 
of wound infection pathogens.” 

Just outside Big Pass, Pete 
spots a group of devil rays. He 
follows slowly with the boat, 
turning slightly so Dean has a 
better angle to throw the cast 
net. Then Pete circles. “Got 
‘em!” yells Dean as he slowly 
pulls the net toward the boat 
and raises the rays over the 

edge and into the tank. There 
are four. They scoot around, 
flapping their fins and finally 
calm down enough for Dean to 
catch one and lift it to the work 
area. Since these rays have no 
barbs, the staff doesn’t have to 
worry about getting injured by 
the barb, but they still handle 
the animals very gently.

Dean secures the ray by hold-
ing the fins tightly against foam 
padding. This protects the ray 
but allows Carl and Cathy the 
best access to the mucus-heavy 
skin. Carl begins to collect the 
mucus with a small scraper; 
then he drips it into a small vial. 
Scrape then drip. Scrape then 
drip. It takes about ten minutes 
to collect at least two milliliters 
of mucus for the research. The 
vial is labeled and stored. 

Does collecting the mucus hurt 
the rays? It’s probably more like 
someone scratching your skin – 
maybe like a massage. It is very 
unlikely that there is any pain in-
volved, and the mucus is quickly 
replaced so the healing ability of 
the rays is not impaired. 

Kim takes a clip of the pelvic 
fin for DNA work, records the 
measurements and inserts a PIT 

tag into the ray’s left wing. Af-
ter a quick weigh-in, the ray is 
released off the back of the boat 
and heads out into the Gulf.

The second devil ray is 
caught and placed on the 
white mat. Carl and Cathy be-
gin gathering the mucus. This 
procedure is repeated for 
each of the devil rays.

The next catch is a group of 
cownose rays. Like the devil rays, 
these animals travel in groups so 
Dean is able to catch three. Unlike 
the devil rays, cownose rays have 
barbs so everyone needs to be 
careful to not get poked. 

The scientists discuss the best 
way to gather the mucus. “We 
could put them on the mat like 
the devil rays.”

“We can cover the tails with 
a net.”

“Or we could just use part of 
the net.”

Dean lifts the first cownose 
ray out of the tank and onto 
the mat with the net covering 
its tail. Carl and Cathy set to 
work scraping the mucus and 
dripping it into the vial. After 
a few minutes, Carl sprays the 
skin with a little water to try to 
stimulate more mucus. The ray 
seems calm as the scraper slides 
across his wings. 

“1.5 milliliters,” says Cathy.

“OK, just a little more.”

Finally, they have two milliliters 
in the vial, so the ray is tagged, 
measured and weighed, then re-
leased. Two more cownose rays, 
then the Ono V heads back out to 
collect more specimens.

Asked if they sample rays 
other than devil and cownose 
rays, Carl responds, “Those are 

Scraping

Filling vial

Labeling Dr. Luer in his lab at Mote
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the two we sample in the wild; 
and then the Atlantic stingrays 
we work on in the lab. The cow-
nose and devil rays are a school-
ing ray. The Atlantic stingrays 
are not. They are the ones that 
lie on the bottom and waders 
step on.”

Next month, says Carl, “We’re 
going to the Orlando area to get 
some other samples.”

“From some freshwater rays,” 
adds Cathy.

“Well, it’s the Atlantic sting-
ray,” explains Carl. “They’re 
able to move up into freshwater 
rivers and handle the change in 
salt [content]. There are some 
populations of the Atlantic 

stingray that have worked their 
way into the St. John’s River and 
have established themselves 
permanently in some of the lakes 
around Orlando and Sanford.”

“It’s a unique opportunity 
to look at the microflora of 
the same species but from a 
freshwater environment ver-
sus a saltwater environment 
because I guarantee you the 
microbes will be different – un-
less they’re able to change that 
much – which, again, would be 
remarkable.”

As the boat docks, Cathy and 
Carl carefully gather their equip-
ment and the vials of mucus. 
In the lab, samples from these 

tubes will be shared with mi-
crobiologists and other scien-
tists who will run a variety of 
tests from gel electrophoresis 
(a method for separating pro-
teins) to chemical extractions 
to antimicrobial assays (an in-
vestigative procedure for mea-
suring the presence of, in this 
case, antimicrobial entities). 

While this is basic research, in 
the future antibiotic compounds 
from the mucus of these rays 
may become ingredients in hu-
man medicines. Perhaps a new 
topical spray, like the ones we 
now use to heal a skinned knee 
or cut finger, will be developed 
using ray mucus.

Conservation Genetics
Before the discovery of DNA, 

scientists classified animals 
based on morphology. That is, 
they compared the outward 
shape, color, and appearance of 
an organism as well as the form 
and structure of internal parts 
like bones and organs. For ex-
ample, one defining characteris-
tic of rays, like sharks and skates, 
is that their skeletons are made 
of cartilage rather than bones. 

However, unlike most sharks, 
rays have huge pectoral fins that 
look like wings. The main body 
is flattened both on the top and 
bottom. In popular literature 
they have been referred to as 

“flat sharks.” Whereas sharks 
use their muscular tails for swim-
ming, the tails of rays are usually 
thin. They use their pectoral fins 
to move through the water. 

Located on the top (benthic 
rays) or sides (pelagic rays)
of the head, the eyes of rays 
provide a good view of waters 
above and around the animal, 
but they cannot see what is be-
low them. Thus they use their 
sense of smell and electrorecep-
tor systems on the underside of 
the body to locate prey. Where 
most sharks have gill slits on 
the sides of their bodies, in rays, 
these slits are on the underside. 
Spiracles behind the eyes take 
in water for breathing when the 
ray is on the bottom or when 
the animal is feeding. Scientists 
have discovered that rays have 
the largest of elasmobranch 
brains.

Members of the elasmo-
branchii subclass, rays are divid-
ed into orders such as electric 
rays (Torpediniformes), sawfish-
es (Pristiformes), and stingrays 
(Myliobatiformes), then further 
divided into families including 
eagle rays (Myliobatidae). With-
in the family Myliobatidae, spot-
ted eagle rays, with their dis-
tinctive spot patterns are easy 
to distinguish morphologically 

from the stubby-headed cow-
nose ray or the devil ray with its 
horn-like cephalic fins.

Sometimes, however, there 
are very small differences be-
tween species. For many years 
scientists who studied spotted 
eagle rays in the Atlantic Ocean, 
and spotted eagle rays in the Pa-
cific Ocean believed they were 
the same species. They have 
the same colors, diet and body 
shapes. Internal structures such 
as digestive system and organs 
are also the same. 

New technologies allow sci-
entists to make further distinc-
tions between cryptic species, 
animals that look alike but are 
genetically unique. By compar-
ing sections of DNA from pop-
ulations of spotted eagle rays 
in the Central Atlantic and the 

Eagle Ray mouth

Devil Ray mouth

Cownose Rays

Atlantic Stingray

Devil Rays
Anna Sellas, 

California Academy of Sciences
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2. Do the rays migrate? There ap-
pear to be fewer rays during the 
winter months, so it seems that 
they do. If that’s true, where 
do they go? Cuba? Mexico? The 
Caribbean?

3. Do all migrating rays from 
Sarasota go to the same area 
in the winter? Do they return to 
Sarasota as the water warms in 
the spring?

By gathering DNA sequence in-
formation from individual spotted 
eagle rays, Kim can find out how 
they are related. She can compare 
DNA of each individual caught, 
and ultimately compare those 
samples with DNA from spotted 
eagle rays in other locations. DNA 
data will also enable her to esti-
mate the number of rays in the 
Sarasota Bay population. 

Kim’s friend and colleague, 
Anna Sellas, is the Laboratory 
and Collections Manager at 
the Center for Comparative Ge-
nomics in the California Acad-
emy of Sciences. Anna grew up 
in southeast Florida. 

“My elementary school was 
right across the street from 
the ocean,” says Anna, “so we 
often took field trips to the 
beach, wading in tide pools to 
collect shells and organisms to 
bring back to the classroom to 
study.”

Anna and Kim met when Anna 
was an intern at Mote Marine 
Laboratory studying dolphins 
and manatees. When Kim need-
ed genetics work for her spot-
ted eagle ray project, she im-
mediately thought of Anna.

“Our lab is a resource for sci-
entists,” says Anna, “We gener-
ate DNA information for them 
to use to understand the species 
they are studying.”  Scientists 
working with genetics may be 
interested in answering differ-
ent types of questions, such as:

1.  Single species – discovery 
and description of a new spe-
cies; documenting biodiversity.

2. Evolutionary relationships 
– which species is oldest; how 
did it evolve, and where did 
new, more evolved species go 
geographically? 

3. Conservation genetics – ap-
plying genetics to the study of 
conservation to restore a popu-
lation and maintain biodiversity. 
This includes population genet-
ics which tries to determine how 
a species adapts and evolves 
with its environment.

Anna and Kim are studying 
the conservation genetics of 
spotted eagle rays. They want 
to know how the rays in the 
eastern Gulf of Mexico are re-
lated to each other and to oth-
er populations in the western 
Gulf, in the Caribbean and in 
the Western Atlantic Ocean.

Kim’s samples are ideal,” says 
Anna, “they are fresh, clean and 
well preserved.” Sometimes 
an archeologist hopes to get 

DNA from an ancient bone, or 
an entomologist (a person who 
studies insects) has a tiny section 
of a fly leg he wants checked for 
DNA. The size or condition of the 
sample can make DNA analysis 
much more difficult.

The rooms around Anna’s of-
fice are filled with high tech 
equipment. Equipment in each 
room supports a different step 
in the DNA analysis.  With the 
spotted eagle ray populations, 
the DNA differences, or muta-
tions, are most informative. 
“All mutations are NOT cre-
ated equal,” says Anna. Some 
mutations are in repetitive or 
random sequences now consid-
ered “junk DNA.” 

It is the mutations in Anna’s 
DNA targets that will help 

as she works with Kim to try 
to establish the size of each 
population of spotted eagle 
rays, and to understand how 
healthy the populations are. 
From the DNA they hope to 
learn how far the rays are mi-
grating, and mating between 
rays off Sarasota, rays off the 
Mexican Gulf and rays in the 
greater Caribbean. 

As Kim and Anna continue to 
work with spotted eagle rays 
and collect more DNA samples, 
the resulting genetic data will 
help them and others design 
more effective conservation 
strategies for this species.

**see page 41 for more detailed 
information about genetics (DNA 
and mutations).

Eastern, Central and Western 
Pacific, scientists now believe 
spotted eagle rays represent a 
species complex. It is possible 
that five or more distinct spe-
cies of spotted eagle ray exist. 
From the standpoint of conser-
vation, it is important that steps 
be taken to preserve each spe-
cies of spotted eagle ray.

Kim’s work involves only the 
Western Atlantic spotted eagle 
ray. However, there are sev-
eral populations of this ray. Her 
primary focus is on individuals 
found in the Gulf of Mexico in 
southwest Florida. She wants to 
know:
1. How many rays are there in 
this area? Do ray sightings vary 
in number by month? By season? 
By year? Anna and Kim look at DNA sequences
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Satellite Tagging
The weather has been incred-

ible this week – sunny days with 
moderate humidity and a slight 
breeze. Today the wind is a bit 
stronger and the water is ruf-
fled with small waves. It will be 
more difficult to spot the eagle 
rays. Weather is just one of the 
important considerations when 
Kim plans her days. 

If there are thunderstorms, 
the boats can’t go out. It would 
be too dangerous to be out on 
the water when there is lighten-
ing or even heavy rain. Florida 
weather is tricky. During the 
summer, the mornings are of-
ten clear and sunny, but in the 

afternoon, thunderstorms are 
not uncommon. They sneak up 
on you, so you have to watch the 
sky and check with the weather 
radar to make sure you’re off 
the water before a storm hits.

In addition to the Ono V, Kim 
has booked another boat to-
day to accommodate all the re-
searchers and students. Anna is 
here from the California Acad-
emy of Sciences; Juan Carlos 
Pérez-Jiménez is here from 
Mexico. Dr. Bob Hueter, head 
of Mote’s Center for Shark Re-
search and an expert on satel-
lite tagging, is here as well as 
an assortment of other Mote 
staff and interns. Pete drives the 
Ono V with seven people while 
Kim pilots the second boat with 

another eight researchers. One 
of the goals today is to catch a 
large adult female ray and put a 
satellite tag on it. 

Satellite tags on terrestrial 
animals can report geographic 
location, temperature, and ac-
tivity level. The antenna signal 
cannot travel through water, so 
when the tags are used on ma-
rine mammals and sea turtles, 
they only report information 
when the animal comes to the 
surface for air. Because rays are 
not air breathing animals, they 
do not often surface, so this tag 
is made to detach from the ani-
mal after 180 days. It will not re-
port until it falls off and bobs to 
the surface. Kim hopes the tag 
will stay on for six months.

The morning goes quickly as 
the boats travel around the bay 
and through the passes into the 
Gulf looking for rays. High tide 
is about noon. This week there 
have been few sightings during 
the incoming tide. 

Just before noon, Pete sees 
a spotted eagle ray. He circles 
with the boat, trapping the ray 
in the net. Pete and Dean hoist 
it onto the boat. It is a medium 
size male. The team does the 
normal workup – photos, 
measuring, blood sample, tissue 
for DNA, inserting the PIT tag 
and a spaghetti tag. Then the 
ray is weighed and lowered into 
the water. He is off in the blink 
of an eye.

The boats head in to the dock 
to drop everyone off for a quick 
lunch during high tide. Pete and 
Dean stay on the boat. They are 
determined to find a large ray. 

A half hour later Kim’s phone 
rings. “Hurry out here. We’ve got 
a big one just inside New Pass.” 
Since most of the equipment 
was left on the boats, everyone 
tosses the remains of lunch and 
scurries to the dock. The boat 
is heavy with people as they 
motor out to meet the Ono V.

Timing is everything as people 
step across the gunwales, or just 
swim across to the Ono V. When 
everyone is safely in place, Pete 
begins to circle the area where 
the ray was last seen.

“Port side; 50 meters.” Dean 
has the net in hand and Krystan 
is ready to get into the water. 

“Now!” Dean throws the net 
anchor, and Peter circles the boat, 
but this ray is fast. It is out of the 
net before Pete can close it.

People on Kim’s boat are keep-
ing the ray in sight while crew 
on the Ono V pulls in the nets. 
It takes time and a lot of muscle 
to pull in 500 meters (547 yards) 
of net with weights on one side 
and cork bobbers on the other. 
Ready for a second try, the Ono V 
circles while Kim maneuvers her 
boat to guard the likely escape 
route. Foiled again! This time the 
combination of a fast tidal cur-
rent and wind allowed the ray to 
duck under the net before the 
weights hit the bottom. As be-
fore, the nets must be pulled in 
before the crew can try again.

The third try is another futile 
effort. Again the ray has escaped 

under the net. Pete decides it is 
too difficult to catch an animal 
under the current conditions. It 
might be better to head out into 
the Gulf where the tide will have 
less impact on the net.

Once they are through New 
Pass, the Ono V heads north 
along Longboat Key while Kim 
drives south along Lido Key. The 
Ono V is the first to sight a ray, 
but again the current and the 
wind are too strong and they 
lose it. Finally they see a large 
ray in fairly shallow water. Kim 
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moves her boat closer but stays 
out of the Ono V’s path. 

Yes! It is in the seine net. Pete 
and Dean are in the water with 
the dip nets. Krystan, Juan Car-
los and an intern are pulling like 
crazy to shrink the net circle. An-
other intern jumps in to monitor 
the ray on the outside of the 
net to try to help Pete and Dean 
with the catch. 

This ray is larger than the one 
caught in the morning, and with 
a quick check Pete reports, “It’s 
a female!” Bravo! This is what 
we’ve been aiming for. This ray 
can be fitted with the satellite tag.

“We put satellite tags on four 
animals in 2010 using two differ-
ent methods to attach the tags 
to the animals,” says Kim, “Two 
of the tags were never heard 
from.” One was recovered but 
did not report. The fourth was 
set to pop up on April 17, 2011, 
but it popped up prematurely. It 
transmitted its archived data for 
a period of 22 days while floating 

in the Gulf of Mexico about 100 
miles south of Sarasota.

The challenge with putting 
satellite tags on spotted eagle 
rays is threefold. First, these 
rays leap out of the water which 
can dislodge the tags or dam-
age the antennas. Second, the 
rays spend much of their time 
in shallow water so they can 
rub the tags on rocks or sandy 
bottom. Finally, these rays have 
very delicate skin so Kim doesn’t 
want the tags to irritate the ray 
by rubbing as the animal swims. 

By doing short term studies of 
spotted eagle rays in aquarium 
tanks, Dr. Heuter and Kim have 
tested different types of tags 
and ways to attach the tags. 
“We’re using a method devel-
oped by colleagues at Nova 
Southeastern University.” Test-
ing in a confined environment 

looks promising. Now they will 
find out if the tag stays on in the 
open ocean. 

Dr. Heuter, Mote’s expert on 
shark tagging, is onboard to 
insert the satellite tag. He has 
tagged bonnethead, blacktip, 
and great white sharks and at-
tached the eagle ray tags in 
2010. He anchors the tag at the 
base of the tail with a loop that 
he hopes will hold it in place.

All the tests are done. Anna 
has a genetic sample. This adult 
female is weighed and lowered 
into the Gulf. Krystan is in the 
water with a camera to record 
the release. Once she is released, 
the ray quickly zooms away from 
the boat. If all goes as planned, 
it will be six months before the 
tag is recovered and Kim and 
Dr. Heuter find out where it has 
been since it left the Ono V. 

Pups
On the way back to the dock 

last week Pete spotted an ea-
gle ray pup. “It was practically 
a newborn,” said Pete. Dean 
got out the cast net and tossed 
it over the animal, but the pup 
escaped by darting out into the 
deeper water. Catching pups is 
more difficult than catching the 
adults. Pups are just so small 
and quick!

Kim’s research indicates that 
pupping in southwest coastal 
waters occurs in the late sum-
mer or fall.  It is September and, 
on the last couple trips out on 
Ono V, she has spotted eagle ray 
pups, but they are elusive little 
creatures. 

It has rained from six to ten 
inches over the last three days 

across Sarasota County. Even 
though September is hurricane 
season, this much rain is un-
usual with no tropical storms 
around. Pete and Dean have 
been looking for bonnethead 
sharks and have seen eagle ray 
pups on the sandbar east of 
New Pass.

Today the sun is out and there 
is a slight breeze when we leave 
the dock to look for pups. As we 
zigzag our way across the sand-
bar the water is very murky. The 
rains have stirred up the sandy 
bottom. 

“Not seeing any,” says Dean.

“It’s been later in the day 
when we’ve seen them,” says 
Pete.

“Let’s make one more pass; 
then we’ll go see what’s in the 
Gulf.”

Dean spots three green turtles 
and a small bull shark, then, fi-
nally, a spotted eagle ray pup. 
He grabs the cast net as Pete 
steers the boat. The first cast is 
a miss, but on the second cast, 
the ray is in the net.

The pump is on, filling the tank 
with sea water, as Dean gently 
lifts the ray onto the boat. The 
pup zooms around the tank and 
promptly poops. Dean scoops 
the poop out of the water – one 
less thing to slip on.

As with the adult rays, Dean 
checks for remoras, scars or 
shark bites. This guy has a small 
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shark bite on his right pectoral 
fin. Krystan records that in the 
notes. Dean checks for a PIT 
tag. Since this is the first pup 
caught this season, he doesn’t 
expect to find a tag, but it is im-
portant to check.

No tag, so Dean quickly in-
serts a tiny tag. The ray doesn’t 
even react. “It’s barely a pin 
prick compared to that shark 
bite,” says Dean.

Next Krystan takes a genetics 
clip from each of the anal fins. 
She and Dean flip the ray over 
in “burrito” position–wings 
tucked around to the dorsal 
side with tummy, mouth and 

claspers exposed. “Wow! Defi-
nitely TI,” says Krystan. Dean 
draws blood from the tail with 
a small needle. 

Once the pup is right side up, 
he is back in action, splashing 
around the tank. He has an in-
tact tail which seems incred-
ibly long compared to his little 
body. Krystan measures the 
disk width – 60 cm – so he’s 
probably more than a few days 
old. Newborns are reported to 
be 35 – 50 cm. Krystan checks 
for an umbilical scar, then com-
pletes the rest of the measure-
ments and scoops him into the 
weigh net - 4.6 kg minus the net 
(1.8 kg) so he’s exactly 2.8 kg. 

Dean unclips the net and low-
ers it over the side of the boat. 
The ray flies off.

Pete spots another eagle ray 
pup and Dean readies the cast 
net. This time he catches it on 
the first try. It is a female. She’s 
missing about half her tail but 
she’s free of shark bites and 
remora scars. A few minutes 
in the tank to measure, weigh, 
sample and tag and she’s back 
in the bay.

Spotted eagle rays are ovovi-
viparous, that is, the pups hatch 
from eggs inside the mother. In 
addition to the initial supply of 
yolk, pups feed on a secretion 
of “uterine milk” that allows 
them to grow in the womb to 
over 30 cm disk width – a rela-
tively large size compared to 
their mothers.

Perhaps in order to pro-
tect the mothers from their 

stinging barbs, or maybe be-
cause of their size, the flat-
bodied pups are born rolled up 
like little burritos. At birth, 1-4 
pups in the litter immediately 
unfurl and swim off indepen-
dent of their mother.

Gestation in the Gulf off Sara-
sota is thought to be about elev-
en or twelve months, but some 
captive pregnancies have been 
shorter. Gestation in other parts 
of the world, it seems to vary 
from 180 days to 370 days. Sci-
entists suspect water tempera-
ture may play a role with higher 
water temperatures leading to 
shorter pregnancies. 

Pete has spotted a bonnet-
head. He and Dean are continu-
ing to catch these sharks for 
research in the lab so he steers 
the boat while Dean gets the 
cast net ready. The bonnethead 
is quickly in the net; then in the 
tank, and the Ono V heads back 
to the dock. Dean moves the 
shark from the boat tank to a 
holding tank while Pete calls to 

let Dr. Luer know his shark is 
ready for pick-up.

“Do you want to go back out?” 
asks Pete. “We haven’t seen any 
pups in Big Pass but we could go 
check it out.”

So Pete drives the Ono V out 
into the Gulf. There are dolphins 
and a couple sharks along Lido 
Key but no one sees spotted ea-
gle rays. As the vessel heads into 
Big Pass the water color chang-
es to a blood-reddish brown. 
The tide is going out and there is 
a lot of runoff into the pass after 
three days of rain. 

Dean sees an eagle ray pup. He 
gets the cast net ready. Sudden-
ly there are pups everywhere 

leaping and darting across the 
sand flats. The current is strong. 
Pete maneuvers the boat so 
Dean has the best possible 
chance to catch a little ray.

The first ray he catches is a 
small male. This one is only 52 
cm disk-width so he’s probably 
younger than the ones caught 
in New Pass. Not a newborn, 
but he still has an umbilical scar 
on his stomach. After a com-
plete workup he’s back over 
the side of the boat and gone 
in a flash.

“There’s an adult, says Dean, 
“Want to catch it?” 

“Sure,” says Krystan, as she 
grabs the anchor for the net. 
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A quick circle with the boat, 
and the ray is in the net, over the 
side, and in the tank.

“I think this is the guy that 
got me with his barb,” exclaims 
Pete! “Look, a bob tail.” Most of 
the whip-like tail is missing. 

Dean scans for a PIT tag. Yes!  
It is a recapture. He reads off the 
number on the spaghetti tag.

“Can’t be the same one then,” 
admits Pete. “We weren’t using 
spaghetti tags when the ray got 
me.”

Krystan cleans the algae from 
the spaghetti tag. “M2558,” 
she says.  Looking at the array 
of tags in the box, she sees the 

patterns, blood work and learn 
more about how they change as 
they mature. Although scientists 
at zoos and aquariums have sta-
tistics about the growth and ma-
turity of captive animals, spot-
ted eagle rays in the wild may 
have different behaviors, and 
the environments may promote 
very different physical changes. 
This will need to be considered 
in conserving the species.

Dean throws the cast net for 
one more pup. Success! It’s an-
other male. Like the other pups 
caught today, he only has one 
barb. He is 58 cm disk-width and 
has a faint umbilical scar. After a 
quick workup he is over the side 
and back into the pass.

What a terrific day! Five rays, 
four of them pups – and a bon-
nethead shark. 

Teamwork
Kim and Krystan are driving 

to the Florida Keys to visit dive 
shops and make presentations 
at environmental centers as 
well as to summer camp stu-
dents at Summerland Key. Kim 
has cards and flyers that encour-
age people to become “citizen 
scientists”; to report ray sight-
ings and to protect these fish.

“I am always encouraged by 
the numbers of people who 
come to our presentations,” 
says Kim. “I think people really 
want to know what is going on 
in the ocean. They hear so much 
about climate change, shark at-
tacks and the Great Pacific Gar-
bage Patch. Sometimes it is hard 
to separate facts from fiction.”

Even though we are focusing 
our research on one species, 
the spotted eagle ray, we are 
also documenting other ray spe-
cies such as cownose, manta, 
and devil rays. We realize that 
all these species are potentially 
affected by climate and habitat 
changes, fisheries, marine de-
bris and sharks, so we zero in on 
those problems but on a scale 
that makes it meaningful to 
people. Yes, eagle rays are food 
for sharks. Yes, fewer sharks 

can mean more eagle rays. Then 
we talk about what that means 
for the environment. We show 
photos of rays with embedded 
fish hooks and monofilament 
line scars to emphasize the im-
portance of responsible fishing 
practices.

While plastics are not as big 
an issue for rays as they are for 
dolphins and sea turtles, there 
is not a day on the water we do 
not see at least one plastic bag 
or bottle. We can’t pick them 
all up or we’d spend the whole 
day on clean-up and never get 
to our research, so we pick up 
trash that is a net length from 
the boat and encourage our au-
dience to do the same.

“Scuba divers are some of 
our best citizen scientists,” says 

next tag will be M2598. This 
ray was captured 40 rays ago. 
He was probably caught in the 
spring. She will confirm this 
when she gets back to the lab. 
For now it is good to verify this 
is another recapture. 

After the medical work is com-
plete the ray is released into the 
pass. Pups are still all around. It 
is tempting to catch as many as 
possible but four hours in the 
hot sun is taking its toll on the 
crew. They decide to catch one 
more then go back to the dock.

Little is known about the 
growth rates of eagle rays in 
the wild. Kim hopes to recap-
ture these rays to compare spot 

Kim. They really care about the 
marine life in the area. We show 
them our website and explain 
how important it is for us to 
learn more about rays they have 
seen. We have several divers in 
the Keys who report in regularly 
giving us latitude and longitude 
of their sightings as well as a de-
scription of the habitat. Some 
have sent amazing photographs 
of groups of spotted eagle rays.

“We don’t know if the rays 
in the Keys come from South-
west Florida, or perhaps even 
Mexico or Cuba, and we don’t 
know if rays in the Keys favor 
particular reefs. If we can find 
hot spots for these eagle rays in 
the Keys, with help from people 
who spend time out on the wa-
ter, this would help us direct our 
future, with the ultimate goal of 

Ray with embedded fish hooks
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developing a conservation plan 
for the eagle rays.”

Preliminary genetic analyses 
suggest that there are signifi-
cant differences between the 
spotted eagle ray populations 
found off the southwest coast 
of Florida compared to those 
caught by fishermen in the Bay 
of Campeche off southern Mex-
ico. Additional samples from 
more locations will help us ex-
amine the connectivity of spot-
ted eagle ray populations.

The satellite tag attached 
this year was recovered after 
77 days. Although it didn’t last 
six months, it did record the 
ray’s travels from Florida south 
to Cuba. Reports from our Cu-
ban colleagues, and divers and 
fishermen in Cuba, may help 

us discover if this is a typical 
migratory path for southwest 
Florida eagle rays. 

Emails from divers in the Keys, 
Juan Carlos’s information about 
fishing practices in Mexico and 
tissue samples from the rays 
caught there, genetic analysis 
from Anna, Kim’s genetic clips, 
photo ID and habitat analysis – 
these are all pieces in the puzzle 
that will help scientists further 
understand the ability of the spe-
cies to maintain genetic diversity 
and withstand environmental 
change. This information will en-
able resource managers to de-
velop conservation measures to 
protect this species.

Today, Kim and Krystan head 
back out on the Ono V. So far 
the database shows eighteen 

recaptures or about 5%. Giv-
en the numbers and length 
of time for the project, this 
probably indicates that there 
is some degree of site fidel-
ity. That is, spotted eagle rays 
probably do come back to the 
same area year after year. 

“Little guy,” shouts Pete, 
“Do you want him?” 

It won’t be a recapture, but 
maybe next year it will show 
up again – or the year after 
that. So Pete positions the 
boat while Dean readies the 
cast net. It takes three tries 
but soon the little eagle ray is 
in the tank. Kim grabs the cam-
era while Krystan and Dean get 
out the measuring tapes and 
the PIT tag. 

 “By sharing information, 
expertise and experience 
among colleagues, students, 
scuba divers, and fishermen 
along the Atlantic and Gulf 
coasts of Florida, the Gulf 
coast of Mexico and other 
areas in the Caribbean and 
the Western Atlantic, we will 
be able to make real gains in 
understanding the life history 
of these animals,” says Kim, 
“And that is a long term goal 
as we try to maintain a healthy, 
diverse population of spotted 
eagle rays.”

Species
Spotted Eagle Ray

Scientific name  Aetobatus narinari
Other names  Duckbill ray, Bonnet ray
IUCN designation  NT -- near threatened

Appearance:  
Spotted. There can be 1–6 stinging spines on the tail

Size:  Maximum length of 8.2 feet
not including the tail. 
Total length including an 
unbroken tail close to 16.4 ft.

Max. disc width: 9.8 ft.     

Devil Ray 

Scientific name        Mobula hypostoma
Other names        Atlantic Devil Ray, Lesser Devil Ray
IUCN designation   Data deficient

Appearance:   
Cephalic fins on both sides of the head make it look like 
it has horns.  Dorsal side is black to bluish; 
ventral side, including outer fins 
and tail are white. 
No spines

Size: Up to 48-inch 
disc width

    

Manta Ray

Scientific name  
Manta birostris
Other names 
Devil fish, Giant Devil 
Ray
IUCN designation 
VU -- vulnerable

Appearance:  Adults are easily recognized by their large 
triangular pectoral fins and projecting cephalic fins.  Dor-
sal side is brown, gray or black with white edges; ventral 
side is white to yellowish.  No spines.

Size:  Maximum disc width of 23 feet; average width of 
about 22 feet; largest specimens weigh up to 3,000 lbs. 

Max. published weight: 507 lbs.

Cownose Ray 

Scientific name 
Rhinoptera bonasus   
Other names  
Cowfish, Skeete
IUCN designation  
VU -- vulnerable

Appearance:  Distinctive feature is the shape of its head.  
Dorsal side is usually brown with off-white or yellowish 
ventral  side.  Usually one spine at the base of the tail; 
sometimes a second spine also on the tail

Size:  Male rays often reach about 35 inches in width and 
weigh 26 pounds.  Females typically reach 28 inches in 
width and weigh 36 pounds.

 www.mote.org/eaglerays 
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 Glossary
Benthic  The bottom of a body of water. The benthic zone is the ecological region that    
   includes plants and animals living on or just above the seabed. 

Bivalve  A mollusk such as an oyster or clam that has a body enclosed by a shell with two   
   hinged valves. Spotted eagle rays eat bivalves.

Cephalic fins  A set of fins that look like horns on either side of the head of a devil ray or a manta   
   ray. The fins are used for feeding.

Cetacean  Marine mammals such as dolphins, whales and porpoises. The order Cetacea includes  
   animals that must surface periodically to breath air.

Dermal denticles Literally “skin teeth” that cover the skin of elasmobranchs. Even though they look   
   like scales they are literally modified teeth and are made of enamel.

Dorsal   Relating to the back or top side. The opposite of dorsal is ventral.

Elasmobranchs Sharks, skates and rays. These fish have cartilage rather than bone.

Morphology  In biology, morphology is the study of the form and structure of an organism, its skin,  
   its organs, and how its body is organized.

Necropsy  The autopsy performed on an animal. Usually a necropsy is done to find out the cause  
   of death.

Operculum  An anatomical structure found in some marine gastropods. It functions like a door to   
   seal the entrance to the shell.

PIT tag   Passive Integrated Transponder. This microchip acts as a lifetime barcode to identify   
   an animal.

Remora  Sometimes called suckerfish, these fish have a dorsal fin that allows them to attach to  
   another animal by suction.

Tonic immobility A natural state of paralysis. By flipping a spotted eagle ray ventral side up and folding   
   the wings under the body the animal exhibits “TI”.

Umbilical scar  A scar on the abdomen where the pup was attached to the mother in the womb.   
   Humans retain this as a navel. The scar disappears on spotted eagle rays.

Ventral  The bottom side of an animal. The ventral side of a spotted eagle ray is white.

DNA

DNA, Deoxyribonucleic acid, holds the instructions, called genes, needed to build cells. The complete set of 
genetic instructions for an organism is called a genome. 

In 1953, James Watson and Francis Crick built a model of DNA that changed the study of genetics. They fig-
ured out that DNA is a double helix. It looks like a twisted ladder. The steps of the ladder are made of four 
kinds of nitrogen bases: adenine, cytosine, guanine and thymine, abbreviated A, C, G, and T.

DNA is the only molecule found in living things that can make an exact copy of itself. To compare the DNA 
of different individuals or different species, scientists make copies of selected strands of DNA for each or-
ganism; then look at sets of bases to see where they are alike and where they are different.

MUTATIONS

When cells divide, errors can take place as the genetic information is copied. These mistakes are called mu-
tations. Maybe an extra base is added or a base is left out. There might be a substitution. Think of the DNA 
sequence as a word. If only one letter is changed the word has an entirely different meaning.      
  car       cart  wart  war  way say  soy so 

Some mutations are caused by chemical agents such as pesticides, tobacco smoke or airborne asbestos. 
X-rays and ultraviolet light can also cause mutations. Sometimes cells can repair the damage to the DNA. 
If not, the change in the cell’s instructions may be permanent and will be passed on to future generations. 
Over millions of years, evolution from single-celled organisms to complex plants and animals is the result 
of billions of mutations. 

A special thanks to the Spotted Eagle Ray research team at Mote Marine Lab – Kim Bassos-Hull, Krystan 
Wilkinson, Ashley Ross, Rachel Dreyer, Breanna DeGroot, intern Samantha Levell and Captains Peter Hull,  
Dean Dougherty, Greg Byrd, Chuck Jelicks; also to Mote shark scientists –  Dr. Robert Hueter, Dr. Carl Luer, 
Dr. Cathy Walsh and Dr. Eugenie Clark; and collaborating scientists –  Anna Sellas and Juan Carlos Pérez-
Jiménez.  Their time, advice and support made this book possible. Thanks also to the Sarasota Writers 
Group for their support and motivation.

Genetics

Thanks
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The IUCN Red List of Threatened Species is recognized worldwide as an objective resource for evaluating 
the conservation status of plants and animals.

Enchanted Learning   www.enchantedlearning.com/subjects/sharks/rays/
Basic information about different types of rays.

Florida Museum of Natural History www.flmnh.ufl.edu
Great photos and summary information about spotted eagle rays. Includes habitat information and   
behavioral studies of sharks and rays in the Indian River Lagoon.
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