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OCEAN SCIENCE NEWS =3=- August 13, 1992

——=» HAWAITAN GREEN TURTLES ARE EXPERIENCING A DISABLING, LIFE-THREATENING
tumor disease which has reached eplidemie proportions off the island of
Molokal, where no ocases of the disease had been reported prior Lo
OctB5. George W. Boehlert, director of the Honolulu Laboratory of the
Natl. Marine Fisheries Service's Southwest Fisheries Science Center,
said that the disease was diagnosed in more than half of the green
turtles captured and examined at Palaau, & shsllow reef srea off
Molokai, during a recent survey by George H, Balazs, leader of the
Honolulu Laboratory's Marine Turtle Research Frogram. 3ome stydy
sites, however, are still free of the disease: There has been neo sign
of the disease in hundreds of turtles examined over the past four

years at Kiholo Bay, Punaluu, and Puako on the island of Hawaili.
EEE

NOAA CONCLUDED THAT THE "MASSIVE"™ ATMOSPHERIC PLUMES APPEARING period-
ically on satellite pioctures as eruptions frem the East Siberian Ses,
are in reality clouds, not streams of methane gas escaping from the
sea floor as some scientists previously believed. Analysis of data and
air samples taken during a research aireraft penetration of the plume
showed that it had originested twe miles above Bennett Island in the
East Siberian Sea, not at the surface. The investigation was conducted
by Russell Schnell of the Natl., Oceanic & Atmospheric Administration's
Climate Monitoring & Diagnostiecs Laboratory in Boulder CO.

Schnell headed a month-long study of the Bennett Island plumes
which involved a U.5. scientist flying in a Russian research aircraft
in an area that until now had been closed to all but Soviet military
and scientifie personnel. Bennett Island is 400 miles north of the
Siberian coastline in the Arctic., "While it apeared from satellite
pictures the plumes were streaming directly out of the ice cover
around Bennett Island," Sechnell said, "on site there was no evidence
of them until you were about 1,000 feet altitude over the island.”

Based on geological information, historical records, =satellite
analyses and knowledge of hydrocarbon reservoirs, scientists had spec=
ulated that Arctle warming may have caused methane hydrates, trapped
in permafrost at the bottom of the sea, to melt and vaporize inte
plumes streaming up from the ocean floor. But analysis of scores of
air samples collected from inside and arcund the plume by Anthony
Hansen of the Univ, of California’s Lawrence Berkeley Laboratory did
not support the methane theory. Edward J. Dlugokencky, who did the
analyses at the Boulder laboratory, said the methane concentrations,
s well as carbon dioxide levels, in the samples were consistent with
normal Arctie air.

Schnell likened the Bennett Island plume phenomenon to mountain
wave clouds occasionally seen streaming eastward from along the Front
Renge of the Rocky Mountains. Those plumes generally extend only 10
miles or less, whereas the Bennett Island plumes persist for several
hundred miles across the Arotio. Several days after the plume penetra=-
tion by Hanson they were able, by using meteorological data, to fore-

cast the appearance of another plume within three hours accuracy.
TY!
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iA—West Hawnll Todsy, Monday, June 22, 1993

&

SEA TURTLES THREATENED —
in green sea turtles

Disabling tumors have
In a reef area off Molokai,

reached epldemic proportlons

Study finds epidemic of tumors
In green sea turtles off Molokai

By the Assoclated Press

HONOLULU — Disabling tumors that lead 1o
death among Hawailan green sea turtles have
reached epudemic proporiens in 3 . population
living in a shallow reef area off Molokai, accord-
ing to a federal marine scientist,

More than half the turtles eaprured and exa-
mined af Palaau in a recent survey were affected,
said Geosge Boehlert, director of the Honolulu
Laboratory.

No cases of the disease were reported befors
1985 &l Molokal, where the second case was found
in 1987 and where its incidence has risen about 5
percent annually since, Boehlert said in a news
relense last week,

The oumber of tumor-infected turtles found
stalewide has been Incressing, particularly at
several points off Osho, while several study sites

off Hawail remain tumor-fres, he said,
Scientists do nol know what causes the disease
known as fibropapilloma, or how it spreads, bul
possibilities include pollutants and blood parasites
specific 10 sea turtles, according to Boehlert,

It causes tumors that grow up lo 12 inches
across. The tumors block bresthing and eating
when growing in turtles’ mouths, throats and nasal
passages, impair vision when growing in the eves

impair swimming when growing on the jaws,
necks, tails and flippers.

Another survey i3 planned in mid-Tuly by
George Balazs, leader of the laboratory's Marine
Turtle Research Program.

The Honolulu Laboratory is an agency within
the National Ocemnic and Aimospheric Admi.
nistration’s Natlonal Marine Fisheries Service.

|
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ACCESSION SHEET

ﬂhtiéi--ﬁi!i : Date Rec'd :02/27/91 Date Acc :02/27/91
contrib. No. :F0149030

Reprint No. :
contributor :BALAZS, G.H.

Common hame:Green sea turtle

Phylum iChordata

Class :Reptilia

Order iTestudines

Family :Chaloniidae

Genus :Chelonia

Species :mydas

Strain H

Continent :0ceanica

Country : Btate :
city/Co. H Habitat:M

Locality :Johnston Atoll: Turtle captured in coastal waters
of north shore of Johnston Island
Date Coll :01/26/91 =

Fixative :Formalin Killed :

Age : Bex : Stage tSubadult (possibly)

Material :A firm, nodular, marbled black and white mass (approximately
6.7 cm x 4.8 om X 3 cm)

Gross Description
A4 firm, nedular, marbled black and white mass (approx. 6.7 cm x
4.8 cm x 3 cm) from a green sea turtle; carapace 70 cm L.
Contributer: "Tumor removed by physically twisting it off during
capture struggle. Seven tumors total were noted on the turtle
during the brief time it was being restrained by skin divers
underwater. Turtle swam off after struggling free.®

Letter date:02/27/91 Report date:

Enoclosura @

Comments :Johnston Is. is site of a nerve gas/chemical munitions
destruction facility that started cperating 6 mos. ago

The above information is how your specimen is entered in our data base.
If you have any additions or corrections please provide them to the
Registry of Tumors in Lower Animals.



National Museum of Natural History « Smithsonian Institution
WASHINGTON, D.C, 20560 * TEL, 203- 357=2647: FAK: 202-357-3043

27 February 1991

Dr. George H. Balazs

Honeolulu Laboratory

Southwest Fisheries Center

National Marine Fisheries Service, NOAA
U.5. Department of Commerce

2570 Dole Street

Honolulu, Hawaii 96822-2396

Dear Dr. Balagzs:

Thank you very much for contributing a nodular mass from a
green sea turtle specimen to the Registry of Tumors in Lower
Animals for histologic processing, examination and evaluat
We have accessloned this tissue (your F0149030) as RTLA 5291 and
are enclosing a copy of the Accession Sheet for your records.
Would you please proofread the Accession Sheet and let us know of
any corrections or additions.

Dr., Harshbarger will send you a set of the histoslides and
his opinion of this case in due course. Meanwhile, he sends you
his best perscnal regards,

SRR Eincnﬁrlg,

' \

1 |_ A II ':.-H"
— A | I': N4 {Ehe T 2
Phyllis M, ﬁparu

Registrar/Museum Specialist
Reglistry of Tumors in Lower Animals

&

Enclosure: Accession Sheet for RULA 5291
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by Leficia (1. Pineda

Green sea turlles were onca an
abundart species. They have been
killed for food, sport, trophies, and by
plastic debris they ingested or became
antanglad in. In 1978, the United States
placed green sea furtles on the threat-
ened spocies list. Hawail ollowed suit
and also designated them fully pro-
tected.

However, green sea lurtles from
parts of Hawaii, Florida, and tha Carib-
bean now face another threat from
within thair own bodies. An incurable
disease is raducing the furtle popula-
tion evan further.

Tha scientific name of the dissaseis
fibropapilloma. This *elephant-man
like" disease causes lumors o grow an
the turtles’ soll skin, turning them into
grotesque husks. A turdle can be 50
covered with tumors that they lose their
sight and mability in the sea. Internaltu-
mirs can also block air and lood pas-
sages, drowning or starving a furtla.

"Since atumor on a grean sea turla
is highly supplied by blood, it has extra
demands on its vascular system. Ona
woluld expect all organs to work
harder,” Gaorge Balazs, zoologist and
leader of the maring furtle research at
the Mational Marine Fisharias Service
(NMFS) Honolulu Lab explained. This

Volume 12, Mumber 8

would, infurn, likely cause the turtlas to
have a difficulf time diving and holding
Their breath,

Basides the tumors, scientists hava
found other irregularities. Affected
turtlas are anemic compared to normal
turtles and have lowear serum globulin
values. ;

Sexual maturity for a green sea
turtle is reached on the average at
around 25 years obd. Because of this
delayved sexual maturity, more lurles
may be dying of the diseasa than
breeding. Thus, scienlists race against
time to find both cause and cura.

Although occasional cases of fi-
bropapilloma were firsl reported in
1938 in tha Florida Keys, experts do not
know why or how the disease has
spread so far in the past few years,
According 1o Balazs, of 113 dead
turtles known stranded in the Hawaiian
islands reported to NMFS in 1989, 56
hiad tumors.

Recently, a small amaunt of gresn
turtle feces were found on the beaches
of Kualoa Bay. Last year, hundreds of
pellets washed ashore in the same
area prampting the state Dapanmant
of Health to close the beach. Balazs
gave the depariment information from
parasiiologists Dr. Robert Desowilz
from Leahi Hospital and Dr. Murray
Dailey of University ol California at
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Tumors, Aneﬁlia Could Sink Gree

An autopsy by NUFS revealod that this frozan mi
Mofth Shora had 41 fumars, many of which wer

Long Beach who said "humans are not
at risk of parasites and diseases spe-
ciliz i reptiles.”
Thestrongest theory lorthe cause of
the disease blames a virus, possibly
aggravated by water poliulion from
chemical runoffs. This comes from
sludies of ather papillomas-type fu-
mors found in other animals, most of
which are caused by viruses.
However, a virus is not always the
culprit in papilloma diseases. Dailey
cantends eggs from parasific fatwarms
fram marine snails may be the cause of
fibropapilloma. Much of the time, au-
topsies reveal that diseasaed turtles
have a large number of intemal para-
sites, The guestion exists, though,
whether parasites play arole incausing
lumars or arrive after the farmations.
Scientists do nol know how, and
even if, diseased lurtles can confami-
nate each other. Balazs and his col-
leagues have found many sea turtesin
Malokai and Cahu with early signs of
the tumors. Tunles that are strong
enough to swim are fagged and re-
leased. Weaker turtles near death are
carad for or used for sclentific studies.



n Sea Turtle Populatioﬁ Comeback

3

fisring mate Hawalan grean sea turtle found off the
' avbadicled with leech sgga,
—Leficla 4. Plneda photo

Most experimental freatmenis for
disgased luftles that has baean iried
mvalve the physical removal of the
tumar. Formar Honolulu £oa velerinar-
ian, Patrick Leadbeater spenl hours
surgically removing tumars from a dis-
eased turile only fo have the tumors
grow back months later. Cryogenics
ifreezing a tumor) and infusion of dya
into the tissue are examples of other
technigues fried on individual turtles.

Even if such treatmenis did work, it
would not have amy greal practical
value, “Our principal concern is not to
treat individua! turtles. We wish to find
the underlying factors that cause tha
disaase 10 be prevalant—growing and
spreading-—among urtles in the wikd,”
said Balazs.

Muchoftheresearchizlokeeptrack
of the scope and magnifude of the dis-
gaze. Withoul such observational ra-
gearch, sciemtisls would never know
turtles in Molokai were also affected,
said Balazs.

MMFS gathers more data on dis-
eased green sea furtles through peri-
odic irips 1o their habilats. Turtles are
tagged with a permanent |ID number

and a return mailing addrass stapled to
tha edge of the flipper.

* Through constant observation,
MMES scientists hope fo collect statis-
tics on, for example, whether turiles’
conditions worsen or improve. So far
tha evidence suggests that the turtles
WOrsen. .

Because the disease is so wide-
spread in Florda—experts say 50%
of turtles in the Keys have it—
scientists arg warking on the problem
logether.

Dr. Efict T. Jacobson, professor of
vaterinary medicing at tha University
of Florida, visited Hawaii last year o
collect Hawaiian green sea turtle tumor
samplas and he still keeps in weekly

Saiki's Bill {Continued frompage [}

part of our interdependent ocean anvi-
ronment,” Saiki said. “The Iraditions
and culture of Hawaii and Guam placa
great emphasis on the care of the land
and the surrounding waters. Hawaii
and Guam are best equipped to provide
ovarsight for these islands.”

According to Saiki, some of the rich-
est stores of minerals ke cobalt and
manganese nodules lie in the ocean
floor within the exclusive economic
zones [EEZs) of these islands.

She cites the importance of proper
management, because destruction of
the ocean floor anywhera close 1o the
islands will be detrimental to Hawali.

William Paty, chairman of the Hawail
Board of Land and Natural Resources,
gays that a limited entry program that
sets rules and requlations with respect
tothe exclusive economic 2ones of tha
six islands will ba the mast elfectiva
form of managemant.

Mevertheless, Paty admils that
trying fo manage six islands thousands
of miles apart will be a challenge.

“It is not an easy thing o do,” said
Faty. “Although the plan sounds good
on paper, devaloping something onthe
islands will be difficul.”

It Saiki's billis passed, scientists and
politicians can effectively study the
economic, environmental, and strate-
gic benefits for Hawaii.

contact with NMFS.

An invitational planning meeting is
cited for early December in Hawail fo
establish research strategy. Sofar, five
mainland scientists are slated to at-
tenc.

Poopla can aid in the NMFS re-
gearch by reporting green sea lunles
that are unable to swim. Make reporns
to NMFS by calling 943-1221. In the
evanings and on weskends, call the
state Conservation and Resources
Enforcement hotline, 543-5815..

Although this disease affects
only green sea turtles in specific
araas, "ll may wvery well be re-
flactive of other troubles in the
ecosyslem,” Balazs said 4

The six islands have unlimited po-
tential for maring research, wildiife
prasarvation, and minaral findings.

“Given the transporiation develop-
mentthat we have, overtime, it may be
il advised to turn our backs on the
opportunity to try jurisdiction,” said
Paty.

"This legislation is needead today for
its impact tomomow," sald Saiki. "As
the Congress considers a greater role
for states in the management of
theirown EEZs, we neediobe surathat
the Pacific possessions are managad
by the peopla with the greatest stake in
the Pacific's fulure.” ¢

Wholphin Update

The baby wholphin, a cross
between a wholphin and boftle-
nosed dolphin, bom ar Sea Life
Park on July 19 has died. {See
Makai, August 1990)

"At this time, there aren't any
specific reasons known for her
death, "said Carrie Cushman, park
public relations manager.

Tissue samples have been sent
fo the mainland for analysis fo
determine the cause of death.




Hanauma Bay Lecture Series
Fall 1990

Sponsored by the Hanauma Bay Educational Program

Witches Brew Hike, Toilet Bowl Hike
Place: Hanauma Bay Educational Desk
Time:; B:30-11 a.m
Date: September 8

Hawalian Coastal Planis and Hike

(Field irip to Sandy Beach)

Flace; Hanauma Bay Educational Desk
Time: 9-11 am.

Date; September 17

Speaker; Ray Tabata,

UH Sea Grant Marine Specialis!
*Transporation to Sandy Beach not available

Underwater Photography of Hanauma Bay
Place: Hawaii Kai Public Library

Timna: T-8p.m.

Cate: September 18

Speaker: D.R. Schrichte

Seabirds and Marine Turtles

Flace: Hawaii Kai Public Library

Time: 7-8 p.m.

Date: September 25

Speakers; Craig Rowland and Mike Moser,
U5, Fish and Wildlife

Fishes of Hanauma Bay
Place: Hanauma Bay Educational Desk

Date; September 22
Time: 2-10 a.m.
Speaker; Eliyn Tong

Geology of Hanauma Bay

Place: Hanauma Bay Educational Dask
Time: 8-11a.m.

Date: October §

Speaker; Dr. George Walker

Witches Brew Hike, Toilet Bowl Hike
Place: Hanauma Bay Educational Desk
Tirmg: 8:30 a.m.

Data: October 20

Speaker: Alan Hong

Mythology and Legends of Hanauma Bay
Placo: Hanaurna Bay Educational Desk
Time: 810 a.m.

Date: November 10

Speaker: Mike Markrich

Water Safety at Hanauma Bay

Flace: Hanauma Bay Educalicnal Dezk
Time: 9-10 a.m.

Date: November 17

Speaker: Alan Hong

Call Allen Tom at 856-2870 for mare information.

On Sunday July 1, John Quincy
Adams, Brian Keaulana, and Dan-
nis Gouvaia of Water Pairal Inoor-
porated, akong with five of their
associales completed what 5 be-
lieved to be the first-jet ski trip
around the entire island of Oabw,

The purpose of the sometimes
grueling trip was 1o discover the
limitations and practicalities in
using jet skis for water rescue work
in Hawaii's waters.

“Through this exercise, we hope
o have demonstrated the poten-
tial of the jet ski as a very sate and
valuable tool in water patrol and
rescue work,” said Adams.

i
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UWhat's Fappening

by Walter Rt o

~ What's hapening...to our turtles? Te-
mars Continwe to Spread in Hawailan
Green Turtles was the headline in the
Hawaii Wildlife Newsletter. George Balaz,

of ;ﬁ‘tmm.
has substantially increased in an important
of the Hawaiian Green Trutle,

which resides along the souther cosstof the
island of Moloka'i, Priorto 1985 there were
no known cases of the tumors in this area. In

Act, Now a mysterious disease onour reefs?
Call the Feds and demand an answer: 943-
1221, or call the State Office at 548-6550.
Only through public pressure will govem-
ment gel us a0 ANSWeET.
Hawailans
Homesteaders have taken a long over due
stand 1o Pono their wai (lake care of their
water). They have asked the Federal Gov-
emment o step in becawse the state, includ-
ing DHHL have not acted in their best inter-

the last harvest, March 1990, 38.5% of the  est, Hawailans are different from the “gea-
What can we do to help protect these  general public. They are having a difficalt
turtles? Tartles were once a mwmmnﬂ-
and the Federal Government stepped in to over the Kualapu'u aquifer is a good ex-
protect them under the Endangered Species  ample. 4
W
4
Tt

HAWATI CLIFFING SERVICE
F.0. Box 10242 -Honolulu, Hawall
FPHOME: 784-8124
Victordn Casier

Elaing Stroup

MADI NEWS

FEB. 1 B 1387

Turtles dying - W
HONOLULU — An alarming
number of Hawaiian gresn sea mriles

are hei

found -washed up, on

beaches, distressed and weakened by

© tumors, mmnwieﬂim}bpm. :
George Balazs, sea tirtle specialise

at the National Marine Fishesies Ser-

vice's Ho

uln 2 BaW
tumoe cases in the
from six or &

sturtles have
0 & year from

1982 to 1984 to 18 is 1985 and 31 |

last year.

Balazs said Hawailan green sea
* turtles, an endangered species, face
many  survival problgms including

ors and hurma |'E|:|na flo

in the ocean,

ating
I

But, he said, the tuftor problem is
BD seripus it has been piven the
highest pelovinyfo refeprch, 5,
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WHAT DO WE ENOW ABOUT GREEN TURTLE

FIBROPAPPTLOMA

Both juvenile and adult green turtles are susceptible.

Lesions are predominantly cutaneous and periocular. However, one green
turtle with tumor nodules in kidneys was found.

The lesions are consistent with fibropapillomas of mammals and birds,

The epldamiology suggests an infectlous disease agent. From a comparative
perspective, a viral agent seems most probable. However, pollutants may affect

the expression of the disease.

Histelogic examination of the earliest recognized lesion revealed ballooning
degenerative changes in epidermal cells in the stratum basale. By electron
microscopy, cells undergoing ballooning depeneration contained membrane

bound vacucles. Vacu9les developed in the cytoplasm and were released

into the extracellular spaces. Vacuoles were also seen in the dermis and
occasionally, particles with electron—dense centers and measuring 155 to 190 nm
were geen in these vacuolea. Although the specific identity of these particles
remain unknown, their morphology is consistent with members of the family
Retroviridae.

whel}
Spirorchid trematode eggs were not seen in any of 28 biopsy HPE:imensfrf##“ HH?

fibropapillomas from 6 affected green turtleas. This paprasite is most! not
of significance in the pathopenesis of green turtle fibropapilloma.

Fibropapillomas are potentially life-threatening to affected green turtles.



=

GREEN TURTLE FIBROPAPTLLOMA: FUTURE RESEARCH

» Continue monitoring population in Indian River Lagoon System.

« Toxdicologile (pollutant) survey needs to be conducted comparing affected and

normal green turtles in the Indian River Lagoon System.
Studies determining genetic prediposition to the disease should be conducted.

Continued eleéectron microscopic studies with the earliest recognized lesions
need to be conducted.

. Tigsue culture studies need to be continued,

Further challenge studies should be conducted.

Further molecular studies demonstrating the presence or absence of exopgenous
DNA or ENA should be performed.

» An antl-green turtle globulin needs to be prepared to survey for the presence

of turtle immunogleobulin in the earliest lesions.



SUHMARY

5ix juvenile . green turtles (Chelonia mydas) with sultiple
cutaneous fibropapillomas, were evaluated over a 6 month period.
Histologically, fibropapillomas consisted of minimally to
moderately hyperplastic ebidttmia overlying a  thickened
hypercellular dermis, In the earlieast lesions, ballooning
degereration was present predominantly iIim the stratum basale
where rete ridges extended 1into the dermis; aggregates of mixed
inflammatory cells were present around dermal vessels. As the
leslons matured, they developed an arborizing, papillary pattern.
Mare mature lesfons had a less VeErrucous, often wuwlcerated
surface, with the dermis composed primarily of large collagenous
fascicles and relatively few fibroblasts. While numercus
trematode eggs were present within dermal capillaries of a
histologically similar biopsy specimen from an Hawaiian green
turtle, no ctrematode cggs were observed in any of 28 biopsies
examined from the & Florida green cturtles in this study. Low
stringency Southern’ blot hybridization and a reverse Southern
blot failed to demonstrate papillomavirus DNA in any of the
samples extracted. Ultrastructural evaluation of the earliest
legions demonstrated membrane bound intracytoplasmie vacuoles
within epidermal cells in the stratum basale. Similar vacuoles
were also observed in the epidermal intercellular spaces and
within the dermis. Occaslonally, particles with electrom demse

centers and measuring 155-190 nm were observed in these vacuoles.

22
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U.5. DEPARTMENT OF COMMERCE
Mational Oceanic and Atmospheric Administration

LAY
1/2f85

From: Bill

I called this guy today to discuss this. I think
wa should try to get someoni to do a hioassay
on the gtuff, probably im a mouse, to see if

it is toxdc. 1If a0, then we counld go on with
more expensive agsays to see exactly what the
agent 1g .

Lets talk about it when you get settled.

{G=BT)
LR el e # U.5. G.F.0. 19B2-564-008/1 147

u ) C IMDUSTRIAL ARMALYTICAL
"ET] C LABORATORY, INC.

MARK R. HAGADONE, M.5.
CHEMISTAY

VICE PRESIDENT/DIRECTOR
1523 KALAKALIA BVE., SIATE 207 TELEFHONE

HOMDLLLLL HAWAI DEEIE (B0E) BT 5402




F

TURTLE s HAL

Tast
OCCULT EBLOOD

=ﬂ§ - i

i ol -y

GILMHARTIN .

EURS

11/29/84

E
E-1)
L i " B
- - AGE & e SEXIHALE i; ”
1' MOMNE
DETECTED HONE DETECTED i
; 5 = R,
- ; E:I'l z &
= 5
52 E |
'I:ﬁ 2 —_ |
EJ 3 =
™t & ha m
S —my ]
Rl
ol Ry i

LAURENCE MCCARTHYs H.D,y fee
e 11/29/8

e e 11/30/84 _
NAT MARINE FISH S8ER  ~=  TURTLEsMALE

i

[rre—
PPF9B 2570 DOLE 8T
HON. HI 9&4B22
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INALAR 27 Dacembar 1984

National Marine Fisheries
2570 Dona Streat
Honolulu, Hawaii 96822

ATTENTION: Mr. William Gilmartin
Dear Mr. Gilmartin:

Per my telephone conversation with Mr. George Balazs, I have agreead
to provide you with a quick investigation at no charge inte the
chemical nature of the brown-to-black debris found in the autopsied
turtle's gut. Initial examination undertaken utilizing both micros-
copy and simple chemical techniques demonstrated that the substance
was primarily water soluble in nature. This rules out material such
as petroleum hydrocarbons from oil spills (corroborated by TLC work
accomplished by the U.S. Coast Guard) and/or some of the more
complex assortment of toxic organic matter, From microscopic
analysis it appears that the debris was made up largely of fish
scales, oil globules, a considerable amount of inorganic carbonate,
numercus fibers, grass trichomes, what appear to be salt crystals,
and various other inorganic matter. The pH of the mixture was
neutral, ruling out highly alkaline or acidic substances. Limited
infrared spectroscopy accomplished on the washed and dried solids
isolated from this material demonstrated a primarily inorganic mixed
carbonate/silicate composition. A strong odor of hydrogen sulfide
was no doubt due to microbiclogical action on undigsolved foodstuff.

It is our opinion that this material is primarily inorganic in
nature and probably not responsible for the turtle's death. How-
ever, we have not ruled out the possibility of toxic heavy metals
-- lead, arsenic, barium, etc. -- analysis for which could be
accomplished with a heavy metal screen for the eight most likely
candidates for approximately $210,

I hope this brief survey will be of some help to you. Should you
wish to pursue the course of action described above, please don't
hesitate to contact us at your earliest convenience.

Sincerely, L

Mark R. Hagadungr
Vice President
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T.L.Cv OF TURTLE INTESTINE ConfINTS

1. TURTLE SAMPLE HAD A DEFINITE HYDROGEN SULFIDE SMELL.

2, UPON CENTERFUGING THE BAMPLE AT 2200 RPM. FOR 10 MINUTES THERE
WAE NDO BEPERATION NOTICIBLE IM THE BAMPLE

4+ UPON ADDING CaSD4 TD REMOVE THE H20 NO FDAMING OF THE SAMPLE
WAS NOTICED.

4. THE METHAMOL AND .4 ACETIC ACID PHABE AND VORTEXING IT FOR 1
MINUTE THE SAMPLE TURMNED GRAY AND DID NOT SETTLE UNTILL IT WAB
CENTERFUGED FOR 10 MINUTES AT 2200 RPM.

<+ THE REBULTING DIL /METHANOL FPHASE WAS LIGHT AMBER IN COLOR AND
HAD NDO HYDROGEM SULFIDE SMELL.

&. THE METHANDL PHASE WAS THEN EXPDSED TO 10.0 ACETIC
ACID/METHANOL FOR 15 MINUTES.

7+« THE SAMFLE WAS THEN EXPDSED TD HEXANE/METHANOL TO MAKE THE
SAMPLE MIGRATE ACROSS THE BILICA CGEL PLATE. THE MIGRATION WAS
UNIFORM AND TDOK 45 MINUTES. THE 5 COMPOMENT TEST DYE DEVELOFPED
INTO 5 PARTS AND THE SAMPLE DID NDT MIGRATE AT ALL.

8. THE TURTLE SAMPLE HAD A pH DF & :
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carine developing imbivaives,  The Acamihocolpitae dmd Allbereadindae, as thuis Te-
strieted, are rezarded as ceparate it fuirly clusely related groups,. possdlily nwre s
thas iy dwo saldamilies kitheroe allocatesd o the fanily Alknc readiidae [ sensu lats],

There seems go] veason w0 support, Hopkin's {1913 allocation of -trefiztodes
having cotylonrerocercons cescariae 10 & separate family, Opecoelidas, and Manters
(I suggestion that the” Gylizgchenidae is more closely related to the Lepo-
cregdliinge ddian to the amphistomes,  Suoperfamily relationships of the Alloere-
adiplye, Acanthocelpddae, Opecoclidae, Lepocreadibdac, and Gylinuchenidae are not -~
apparent from the fragmemary mowledse of life histosies amd embryology, partico-
larly of marine forms, :

15, Notes on Ewmbryonativg Egor of Zvgocotvle lunata owd on Their Prepasii-
fion for Cytological Study. Gazrien O, GoDMAN axp Caances H. Wiliey, Neow
Work Universify,

Dafficnlty. encotintered drom mold and bacteria oo shells of emhryomating Cgrs
of Eymocotyle fmafn is effectively overcome by keeping living Ostracods with the
eEge. Alter several washings, 30 to 50 eggs are placed in & covered Petri disl with
from 10 to. 15 cetracods which may be cbtaimed from aqoaria of cultured easily in
water comdaining decaying letruce. They hodd and rotate the eggs with their aps
Teudages, effectively seraping off the fungi and besviig them clean and undamagsed.
The Catracoda most be replaced and the water clanged abous every 3 to 7 dave,
singe most of the crestaces die within that period, Ova of 2. lusahs preparsd for
sectioming in catly stages of development collapse immeediately jn nxosl comemon
fixatives { Howine, Helly's, Fenker’s, Gikeon's), In Flemming's fiuid they sutfer oo
change of form, penefration hus occurred within 10 minutes and fiscation is comglets
within J0 mimses. Since collapse or rupture occurs in the vsual series of aleohals,

Lk
successiul dehydratiom was accomplished only by the capillary-wick technigue of B’
MecClung, by which a very graduml instillation of aleobal occurs.  They collapse and i
rupture in pure dioxan, buckle slowly in 30 per cent dioxan, and #s gradna] addition i
offers no advandages over aleohol, Clearing mmust be accomplished slowly with xylol e
or chloroform by the capilfary-wick techpigee.  Gradusl infltratien with the ot

rubber-paraffin mixture of Hance is of valoe in reducing to & minimum the shatter- -
ing of the shell that coctrs in pare paraffin,

16, Porasites of the Green Turlle, Chelonia mydas (L)), with Epecial Refer-
ence to the Redizeovery of Trematodes Deserilied by Looss from this Hest Species.
Ross F. Nionevr, New York Aquariom.

Looss, (1800, 1902} reported some 24 species of trematodes fromy, Chelouia. )
wydes, - The fo g were recendly recovered from the wiscera of (30 tortles: SR 7L
(Pronocephialidac) Cricoesphalus albiy (Fouhl and Hasselt, 1822) and C. megostes .:-.
minis Looss, 1902 (stomach) ; Provacephatis obliguas Loass, 1901 and Glephlcephatus -
iobatus Looss, 1901 (intestine) ; Prelosomum cocklens Looss, 1899 [urinary bisd- ol
der). A new species of Charasiesphatis Looss, 1901 was found in the stomach, Mo =
forms of Plewrogowius Looss, 1901 were present.  Dewierobaris profens { Brandes, e
1881}, Otctanginem sagitta (Looss, 1899), Awpiodictrum paraifefon {Locss, 1901 )
" and Pofvengion fngupiule (Looss, 1899), all Angiodietvidae, were fomd in the
large imtestive. Microsrophidion Looss, 1900 is not represented. A specimen of
Schisemphistomoides spinulosum  (Looss, 1901) Stonkard, 1025 { Paramphisto-
midze) was recovered from the large intesting, M the mtesting] distomes reparted
by Looss, Enodiotremg megachoudrue (Looss, 1809) (Plagiorchiidas) was the only
ome found. Other distomes present in our collection are as follows: {Rhytidodidae) .
Rhyptidodoides fntestivalis Price, 1939, R, dnilis Price, 1939, and a new species of il
Rhytidodoides Price. all from gall biadders, The family Spirorchidae Stunkard,
1921, is represented in this collection by Leareding learedi Price, 1934, and L. shilic
Price, 1934, from the hear-and visceral vessels, Large numbers of leeches, Oso- {
brmuckus braickiotus { Menziss, 1707), were found associated with fib ithelig) =

tumors on eyelids, Héary one of L. fraredi and K. siuciliy ocedrred 1=|:| &5 per i
e e s
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cent of the ofgans cxamiced. Tn foar casss, 3 Fapillomatous disease of the gall blal-
dar {Emith, Coates and Nigrelli, 1940} was found azsociated with heavy infections
of I8, sfuniie.

17, Studies on Hesb-parasite Reactiong, The Iwlegmineitary Type af
Strigein Cval. Guowse W, Huoxres, 1L Wesleran University, axn Wasna San-
neaw Huewtes, Udversity of California at Les Angeles,

The integumeniacy type of evet charactesse of Craasipiiala bulhoglorm and
Neapcue ehinichthysi is desceibed from the vellow perch, Ferca devvscens, and the
black-nosed dace, Atratulies atromasus, pespectosir, In oty cased speial conpective
tissie stains were osed.  An imner hvalice cre i elahoratesd] by the parnsite while
the hast respomds by producing = compective e cyet eonkaining melanin and
melanin-bearing cells resembling melanophores. These outer host cysts proded
by the fish are, in genceal, Toss depse than those ooted in the case of PArasibes pene-
trating to the deeper lavers of the host, as Upulifer qimblaslitds,

18, The Incidence of Trichomoanas foetes i [ ieconsin Catéle. Baxsea Bire
Moacar, University of Wisconsin.

Examinations were made of the isteri froe 250 Wizeomsin dafey cows obtained
from a local packing plant, OF the 560 gter eamined 416 wepe pregnant, 110
tacmal not-pregrant, 31 non-pregnant witk Premeira, and § pregnant with pyometra.
From the tofal number of uteri examined B ar 14 per cent were positive for tricho-
miotdds, O the B caces, the amniotic fi5d of an appareotly healthy seven-manths
foctus (approximate age) was teemibg with 7. foctns, Frem the 31 non-pregrant
oteri with pyometra 5 were positive apd Irom the 3 pregmant uterf with Tt
cemtaining macecaied fosti 2 were positive.  The inddence of T faetns from the
33 oteri with pyometra was 21 [er cent.

Amniotic fluid, occasionally allantoie Seld swabs from the mowth of each
foetes, and exudate from weeri with Promeira were inoculated into eulture mediz.
The material was incubated gt 30° G oior 18 Brurs and examdped for teichomonads.
After the first examination the enbtures were Zcvhated at 37 C for 18 hours and
exatnined again. The culture materfal was the all-antoclaved medivm of Schoeider
Cunpuldished thesis). Oecasiooally epg skants evered with saline, Ringer’s, or saline
and serum were Lied.

Foair cases of trichomoniasis have been rsitheely dingoosed out of 28 hords
frepresenting a total number of approximatels 300 dairy cows for an Incidence of
0.8 per cent, Thisis g prelmminary réport. hus <=e abaove fiamces mdicate that tricho-
maMiasls, ab least in Wisconsin, is an anportant oeoblem in the dairy cattle industry.

19 The Efcetr of Sulfagwanidins on Exsc=imoiial Bovine Corcidiosis, Dos-
ALp L. BovoEtos, U1, 5. Regional Anims! Disences Researeh Laboratory, Auhom,
Alabama.

In ome experiment ¥ calves were i niaged smeltanesasly with approxinsiely
50 million sporulated odcvets of mised Erper drom ene farge suspension.  Four of
the 8 received no deug. Al of these develoses chinbcal coccidiots, Einierie bopiz
being the dommant species. e was sacrificed ~vhen moribund 13 dars gfior Moo
latiom. The remaining thres died oo the - T Mag cand 3T daws, respectively.
Five calves weee miven at bmst 21 consecsties dly doses of sulfaguanidine gt Uie
rate of 0.1 gm per 2.2 posnds of hesle weinls Feginihic 2 davs affer e ladion,
The 5 treated calves socvived, did nop deve' - climical coccidiosis, and discharged
very Tew B, bopiy ofeysts durisg the memh 2 dowing noculation  In @ seccmd
experiment 12 calves were piven & shnilar i=---latinn of ndective olicyats froin a
stidiul suspensione Three calves pocein U, Suliastandiline weas Eiven Ti
the remaining 9 ealves nt the rate of 20 Bz t=ralay for @ consemitive davs as
follows ; three calves, at the tine of ineou stioot Focalves, mid-war e the J-wedk
incuhnfion peciod; and 3 ealves, favard e o <ot mhe incubanon perded. AT enlves
recedvang the earhs and nkid-way treabiness 2zl J0f the 3 untrestod calved develops]
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WASHINGTON, DG 20560 = TEL, 202
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Or. Geaorge H. Balazs

Zoologlst

Southwest Flsheries Center Honolulu Laboratory
Matlional Marine Flsherles Service, NOAA

U.5. Department of Commerce

2570 Dole Strest

Honolulu, Hawall SB8B22-23896

Dear George:

Thank you for your communicatlions of 14, 18, 20, and 23 May
Including the manuscript, “Fibropapilliomas In Hawal lan Green

Turtles". | am enclosing a caopy of the manuscript with my
editorial suggestions, corrections, and possible additions. Use
them at vyour discretion. Also enclosed Is a gulick and dirty

photo of a trematode ovum Iin a tumor and a copy of the paper by
Grelner et al In case you do not have It.

Eagt regards,
Johh C. Harshbarger, Ph.D.
Director

Reglistry of Tumors |In Lower Animals

Enclozures



A .-:'E,Ifé{{:ﬂ.

FIBROPAPILLOMAS IN HAWATTAN GREEN TURTLES

Neoplasme identified by the Registry of Tumors in Lower Animals (RTLA)
as fibropapillomas are being commonly found on green turtles in the
Hawaiian Islands. Up to 10% of the nesting females tagped each year at the
principal breeding colony of French Frigate Shoale have these epithelial
growths ranging from a few millimeters to 30 cm in diameter. They most
frequently occur on the neck, eyes, flippere, jaw, tail, and sometimes even
in the mouth. In Hewaii fibropapillomas have been recorded in turtles asg
emall as 45 cm juveniles to adult males and females over 85 cm. However,
thus far none have been found in turtles 35-45 cm, the minimum size range
at which recruitment to benthic habitat takes place in Hawaii.

During 1985, 35% of the 51 stranded green turtlee examined threughout
Hewaii had fibropapillomas. Local divers and fishermen regularly report
seeing afflicted turtles in coastal foraging pastures and underwater
Eleaping areas. A cunaidarahié inerease in such sightings is believed to
have occurred over the past 20 years.

Fibropapillomas in preen turtles were first demcrihad in the
seientific literature slmest 50 years ago by Smith and Coates (1938). At
that time, 3 out uf.ﬁﬂﬂ grnnn‘turtlas {27 to 91 kg) examined at Key Weszrt,
Florida, had fibropapillomas. During the same year, Lucke (1937/38)
menticned that green turtles in the Dry Tortugas "not infrequently suffer
frem papillomatous neoplasms which mey attain se great a size as seriously
to interfer with their locomotion." Hendrickeson (1958) stated that
"oceagional™ green turtles nesting in Sarawak, Malaysis had ulcerated

fibromas on their "throat and neck.” Since the RTLA began accepting



specimens in 1965 (Harshbarger 1974), fibropapillomas from green turtles

have been verified from the Florida Keys (RTLA Accession No. 12 & 651) aed __
el .?"‘iﬁu.- ':-ﬂ.l‘;-'#hlﬂr.-:ll ."-t-r.r';‘:-'"ré'

Hawsii (RTLA 121, 1767, 1774, 1856, 1883, 2097 and 3572). Several /o, m(f7ust 7071

Jack
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Jacobson (1981) reported that a "slowly increasing incidence of

papillomatosis” wae being studied in a breeding group of green turtles at
the Cayman far-.l These prowthe were first noted in wild captured adults
but later developed in farm reared turtles. According to Jim Wood, the
problem no longer exists, although several juvenile turtles released from
the farm and recaptured a year or two later and found to have grewthe. In
east central Florida, immature green turtles have been reported by Lew
Ehrhart to show a high incidence of these fibrous growths during recent
years where none had been seen since tagging studies began there in 1977.
Pat Welle, uﬂrking in the Florida Keys has found similar growths on five of
nine stranded green turtles handled during the first 3 months of 1986.
Freviously, only two cases of tumors had been reported out of six
etrandings of green turtles =seen since 1981,

Thus far, no other species of =ea turtle except for the green turtle
has been documented to have fibropapillomss, although Jack Frazier and Tom
Fritte have seen what were believed to be these growths in clive ridleya in
the eastern Pacific.

Fibropapillomas in Hawaiian green turtles can result in reduced
vigion, disorientation., blindness, physical obetruction to normal swimsing
and feeding, and an apparent increased susceptibility to parasitism by the

marine leech, Ozobranchue branchiatus. Our cbeervations alsc sugpest that




fibropapillomas can cauze severe emaciation, incressed predation by tiper
sharks and humans, and probably a reduced ability to successfully migrate
and breed. Entenglement in fishing line and other gear also appears to be
more likely in afflicted turtles.

The etiology of fibrapapiilﬁnaa in green turtles remains unknown.
Possible causes suggested in the literature include an immune regponse to

trematode ova, secretion of hirudin by marine leeches, virus, excessive '
2 '1’___.ﬂr;|",pp| \""-l. "-'..I."‘Iqullr'-lf"‘"l '}Ili"i'l-\.".'_‘_'.-"n.'-rr:;-l":""'
solar radiation, chemical poliutants that| impair the immune system, stress,

and a genetiec predisposition to neoplasia. Biopsy material from

Lk as
fibropapillomas on two Hawaiian green turtles wi#we sent to the RTLA for
i Py
- ':‘ i :.-'rllr- IIE'!Ir:"' i .'I”I-"\': =
Jﬂﬁﬁ¢f‘ ElEttrun micrnﬂﬂnpy. but no virus waa fnund. .!, 1ﬁfh'-:fﬁ*fﬁﬂ j-*- e 3 ;Ir i
Ha ntlatively vich sougce of ddoee! pivpdlii by 4
;'r? Fﬂ'f&# The growth rate uf fihrnpapzllnnsﬂ hae been documented in two Hawaiian

green turtles. A nesting female with no signe of neoplasia when first seen

wags recovered 3 years later in an emaciated state with a large

fibropapilloma aleng the dorsal base of its tail. Another apparently v
healthy tagged turtle, an adult male, had numerous growthe, including a

large mage in the axilla, when seen again just 2 years later. The fact

that relatively small turtles in Hawaii can be heavily afflicted with
fibropapillomes indicates that growth can occur fairly fast under certain
conditions.

The experimental treatment of fibropapillomas in Hawaii has included E
surgical removal and strangulation. Neither procedure proved satisfactory
due to the large mmber of growths often present, their highly vascular
nature when large, and the apparent presence of nerve bundles that transmit

pain, especislly in growths associated with the eyes. There i no evidence
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The only substantive evidence for any of the suggested
causes |s the consistent presence of ova from digenetic blood
flukes (Famlily Spirochidae) within the fibrotic portion of the
leslens. Smith and Coates (1939) originally reported ova In over
half of the 250 flbropapllilomas examined from at least six
turtlies. At least seven of the ten RTLA cases contain ova (RTLA

12, 121, 1767, 1774, 2097, 3099, and 3572}, Including specimans

from Florida, Hawall, and the Cayman Islands’ turtle farm. The
Cayman izslands’ turtles are haavi |y infested wlth the
cardlovascular fluke, Learedius learedi, (Grelner et al, 1980)

and some of thelr shed ova lodge In dermal caplllaries {Jacobson,

TBE*}. The Inclidence of flbropapl!|lomas gradually increases in
the captive animals, suggesting an Iinfective process. In
histologlical sections, the ova generally appear as oval,

vellowlsh/brown, acellular capsules containing undilfferentlated
cells. Host response consists of a capsule of eplthelloid

macrophages surrounded by flbrosis. If trematode ova are In fact
the etiocleogle agents, then the l|eslons represent a nonneoplastic
host response, characterized by an exuberant, cutaneous, foreign

body flbrosis assoclated with paplllary epldermal hyperpiasia.



to suggest that fibropapillomas in Hewaiian turtles may epontanecusly cease
or diminish.

The Hewaiian population of green turtles is geographically isolated
and relatively small, consisting of only a few hundred females neating
annually at French Frigate Shoals. A tecovery team has recently been
appointed to formulate a plan to rehabilitate the population. The
cccurrence of fibropapillomes is viewed as one of several preblems that
urgently need to be addressed through additional research. In general, the
problems of disease and natural predation are two areas where basic data
are frequently lacking and more attention is needed for the development of
ef fective management plens. Workere are therefore encouraged to document
any eccurrence of neoplasia found in sea turtle populations by submitting
preserved tissue to the RTLA, EMithsﬂnia:InBtitutinn. Room W216,
Washington, D.C. 20560.

-l
HARSHEARGER, J. C. .
- 1974, Activities report: Registry of tumors in lower animals, 1065-
1973; 1974-1980. Supplements, Smithsonian Institution, Wash., D.C.
HENDRICESON, J. R.
1958, The green turtle (Chelonis mydas) in Malaya and Sarawak.
Proe. Zool. Soc. Lond. 130:456=566,
JACOBSON, E. R,
1981. Virue associated neoplasme of reptiles. In C. J. Dawe et al.

(editors), Phyletie approaches to cancer, p. 53-58. Jpn, Sci. Soc.
Press, Tokyo. 5

i j = LY R i A T ¥ =2 L,
~Greme, il ; IIr:F-”H:'- zTon, P4, ol acdes: i /
- ¢ [ |- X # e o ; o
1980 . MHalwintis of MlaviculTure - Fea ;
1 : ! o ol B
- - = o e AR ey olotas FrLALOY
pnliesw  eeidlee L peloyrts v Y A
; 2 il S, V. Hish Weel Jn
FAoyn. GNargl  Coagrridn ’
g K A (e (R y
¥ i ¥ i [ 3 e a b SO o -
Briges. Nolwash thole Coe Woa

7 Oec arlés

i oo J@H{gf”{“gb I h

g ) S el / ?"i*“'.’.-u’-!.é';i':-ﬂli-’"f’flj

ﬁtférwﬁu-f;f- #
7T e 3
nryeteed (Linngeng! L

T

-
1
'

o

ral I|.."I .0 I,EI-’{-_":.-'_.-"CF.

B ™
W

By

jca 2Y! 379~

L%

“F

gﬁ



g
g

dha 2T

142 o PROCEEDIMGS OF THE BELMINTHOLOGICAL SOCIETY

i al LE
4 :‘:ﬂﬁi’ﬂ
- 1

probably not regular food items in the diet of the size of bass which are usoally
collected in surveys (Clauly, 1976, Am, Midl. Nat. §[:451—45%. We speculate that

i Tovtrema haphkinsi was ahsent from this survey hecanse the profuhle muolluscim
y hott (A saricedr gpp.d is not commonly fourel in rese v odrs, Mothetoecgfoedny sp
P hias only been reported from Sam Rayborn Reservoi in Texas aunl is probahly
not an imporiant parasite of bass in this state.
4 Rusari 1, 15 Tncian® ann Morman 00 Dronen, Jn
“_!'1;.: i Laboratory of Parasitology

Depariment of Biology
Texas A&M University
Collere Stalion, Texns 77843
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' Research Note

Helminths of Mariculture-reared Green Turtles (Chelonia
mydas mydas) from Grand Cayman, British West Indics

Ten mariculture-reared green turtles (4 1o 4.5 years of age) were examineid at
necropsy during December 1978 ol the Cayman Turtle Farm, Cirand Caymon,
Rritish West Imlies, These were selected at random from a holding tank contain-
ot ing several hundred turtles and included eight males weighing from 45 to 147 1h
kTt (& = 83 Ib) and two females (both 105 ). Each of the lollowing organs was
placed into an individusl container in which it was either macernted or cul open.
Spleens, gonads, kidneys, and livers were macerated. urinary and pall bladiers,
the airways of the lungs aml tracheae, the major vessels attached Lo the henrt,
and the heart ehambers were cut open. The gastrointestinal tract wis first suh-
divided into csophagusfsiomach, small intestine, and larpge imtestinge and then each
section was slit lengthwise, The suiTaces of the organs cul open were cxsminge
visually and then washed through a series of S0- and 100-mesh sereens. The
remaining washed material from cach organ was then cxamincd Tor helminths
under & dissecting microscope. All hetminths recovered were relaxed in cold tap
water, fixed in AFA and stained with Hanis” hemutoxyling Kidney tissucs il
the proximal portions of the aortic trank weie fixed in 1008 neutral boffered
formalin, embedded in paraffin, scctioned ot 7 pm amd staincd with hematosylin
ame] eosin,

Four of the 19 turtles harbered digeoetic okes, A singlz smweinven ol Fleapeer
gt sp. (Pronoece phalidaz) was collected frmm e snudl inlestine of wiie tartle.
This penus contains 13 specics that have heen described or reported from s
myelas and our specimen most closcly resembles P prefreeed Ruiz 1916, Previons
reports of . melai include those from green turtles in Trinidad (Gupta. 1962,
Can. 1. Zool. 39:203268) and Indin (Mechra, 1939, Proc. Nath, Acod, Bt bodin
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Figeres 1, 20 Putholegy misncinie

flssiee slhnwing nflnmmatery pemctbon bo Lhe proseocd ol ..
af e feareddf opg (nt tip of nreow] I kitney tissae {3700

g:99-130). The other luke recovered
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infilteate of mononuclear cells o a much more severe chronic inflammatory re-
: action consisting of tubular and glomerular necrosis with diffuse interstitial infil-
¥ 3 trate of mononuelear cells and fibrosis (Fig. 1). Tissues from several green turtles
had what appeared o he tremalode cges surretimhed by diserete chronie pranu

lomalows reactions consisting of epithelial cells, multinueleated giant cells, and
mononuclear cells. Those cggs wore S6Cn il ohlong homogenous yellow capsules
surrounding @ central area of undilferentiated cells measuring 43 pm by 34 um
(Fig. 7). The eges of other spirorchiids which occur in freshwater turiles are
known to cause similar tissue damage {Goodehild and Dennis, [9n?, 1. Parasitol
£3:38-45: Halliman et al., 1971, 1. PParasitol, 57:T1=77).

Since these wirtles had been in the same holding tank for the past 18 months,
it was probable that they had acuived the flukes during this period, syggesing
inlected snails and (o) corcarse wer entering the tank with the PLRHTiR B
3] water. The tank wos cxamined Tor the prescace of potentiol mermediate hosts,
i : Three specics of snails were found on the bottom of the tank and were identilicd
as Nodolittoring mriceatins, Strombus gallus, and Diodara listeri. Althouph sev-
eral living representatives of these spails were placed in seawiter in COniAineTs
overnight, no cercairiae emerged.

Representative specimens of the flukes have been deposited in the U8, MNa-
tional Parasite Collection, Beltsville, Maryland {(USNM Nos. 75099 ared TS 100)
and in the Harold W. Manter Laboratory of Parasitology, University of Nebraska
Siate Museum, Lincoln, Nebraska {(No. 20909,

We wish 1o thank Dr. Fred Thompson of the Florida State Museum for iden-
tifying the snails and the Cayman Turtle Farm, Lid., for financial and logistical
support for this study. Florida Agricultura] Experiment Stations Tournal Serics
Mo, 1769

ELLis C. Greiner, Donarn ). FORRESTER,
aND Erviort R Iaconson

College of Veterinary Medicine

University ol Florida

Gaincsville, Florda 32610

Proc. Helminginl. Soc, Wath,
A1y, B3RO, p. 144-147

Research Note

Helminths of the Ring-Necked Pheasant, Phasianus colcfricus
(Gmelin) (Phasianidae), lrom the Texas Panhandle

The ring-necked pheasiant, Phasians colehicas (Gmeling, was first established
in the Texas Fanhandle about 1940 (lones and Feles, 1950, Texas Gome and Fish
g:4-7). The first hunling scison was cstablished in 1958 (Guihery et al., 980,
U.S. For. Serv. Gen, Tech. Rep., in press), and this species has since become
a primary resident gamebird of the region. Because of the complete dearth of
information on the helminth fauna from pheasanis in the Southwest, the present
study was initiated.
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Smith, G. M. and C. W. Coates

The (ccurrence of Trematode Ova, Hapalotrema constrictum (Leared), in
Fibro-Epithelial Tumors of the Marine Turtle, Chelonis mydas (Linnaeus)

Zoologica (Wew York), 24(3): 379-382. 5 plates. 1939,
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INCIDENCE OF FIBROPAPILLOMAS IN
' AAYATIAN GREEN TURTLES

By

George H., Balazs
Southwest Fisheries Center Honolulu Laboratory
National Marine Fisheries Service, NOAA
Honolulu, Hawaii 96822-2396

ABSTRACT

Heoplasme identified by the Registry of Tumore in Lower Animals ([ETER)
as fibropapillomas are being commonly found on green turtles in the
Hawaiian Islands. From 5 to 10% of the nesting females seen each vear at
French Frigate Shoals have these epithelial growths which range from a few
millimeters to 30 om in diameter. They most frequently occur on the neck,
eyes, flippers, jaw, tail, and sometimes even in the mouth. Fibropapillo-
mas have been recorded in turtles from 45 cm juveniles to adult males and
females over 85 cm. However, thus far none have been found in the 35-45 om
range, ﬂ.e minimum size at which recruitment to benthic habitat takes place
ijl m& £l |'_I. ) ool FIt

Buring 1985, 29% of the 56 stranded turtles examined throughout Hawaii
had fibropapillomas. Local divers and fishermen regularly report seeing
green turtles with "tumors" in coastal foraging pastures and at underwater
sleeping areas. A considerable increase in these sightings is believed to
have occcurred over the past 20 years.

Fibropapillomas in green turtles were first described in the scienti-

fic literature in the late 1930's. Three out of 200 green turtles (60 to
200 1b) examined in 1937 at Key West, Florida, had these growths. Since
the RTLA (located at the Smithsonian Institution) began accepting specimens
in 1965, fibropapillomas from green turtles have been verified from the
Florida Keys (RTLA 12 & 651) and Hawaii (RTLA 121, 1767, 1774, 1856, 1883 &
2087} . BSeveral neoplasms from Cayman Turtle Farm have recently been sub-
mitted but as yet have not been cataloged or histologically identified.
Immature green turtles in east central Florida have been reported by Lew
Ehrhart to recently show a high incidence of similar fibrous growths. Thas
far, no other species of sea turtle except for the green turtle has been
documented with fibropapillomas.

Fibropapillomas on Hawaiian green turtles can result in reduced
vision, disorientation, blindness, physical cbstruction to normal swimming
and feeding, and an apparent increased susceptibility to parasitism by the
marine leech, Qzobrapchus branchiatus. Our available evidence also
suggests that fibropapillomas can cause severe emaciation, increased
predation by tiger sharks and humans, and probably a reduced ability to
successfully migrate and breed. Entanglement in fishing line and other
gear Elsc appears to be more likely in turtles afflicted with these
growths.



The eticlogy of fibropapillomas in green turtles remaine unknowmn.
Possible causes that have been suggested include an immune reaction to
trematode ova, secretion of hirudin by marine leeches, virus, excessive
solar radiation, chemical pollutants that impair the immune system, stress,
and a genetic predisposition to necplasia. Biopsy material from fibro-
papillomas on two Hawaiian green turtles were sent to the RTLA for electron
microscopy, but no virus was found.

The growth rate of fibropapillomas has been documented in two Hawaiian
green turtles. A nesting female with no signs of neoplasia when first seen
was recovered 3 years later in an emaciated state with a large fibropapil-
loma along the dorsal base of its tail. Another rently healthy tagged
turtle, an adult male, had numerous growths, including a large mass in the
axilla, when seen again just 2 years later. The fact that relatively small
turtles can be heavily afflicted with fibropapillomas indicates that growth
can occur fairly fast under certain conditions..r cai

The experimental treatment of fibropapillomas in Hawaii has included
surgical removal and strangulation. WNeither procedure proved satisfactory
due to the large mumber of growths often present, their highly vascular
nature when large, and the apparent presence of nerve bundles that transmit
pain, especially in growths associated with the eyes. There is no evidence
to suggest that fibropapillomas in Hawaiian turtles may spontaneously cease
or diminish.

The Hawaiian population of green turtles is geographically isclated
and relatively small, consisting of only a few hundred females nesting
amually at French Frigate Shoals. A recovery team has recently been
appointed to formulate a plan to rehabilitate the population. The occur-
rence of fibropapillomas is viewed as one of several problems that urgently
need to be addressed through additional research.
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WASHINGTON, D.C, 20560 * TEL. 202- 381-5936
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29 July 1977

Dr. George H. Balazs

Hawaii Imstitute of Marine Biology
niversity of Hewaii at Manoa-
Post Office Box 1346

Coconut Isaland

Kaneohe, Hawaii 96744

Dear Dir. Balazs:

Thank you very much for sending the Registry six pieces of
tissue consisting of rugose growths attached to the skin of the
lower Jlaw, right limb, and surrounding both eves of a Chelomia
mydas specimen (our accession number RTLA 1767). These growths
grossly resemble fibropapillomas that previously have been seen
on green sea turtles; which have been associated with leeches,
algae, or other forelgn material. Microscope slides and a di-
agnosls will be sent as soon as possible.

We would appreciate receiving a series of color transpar=
encles at your convenlence.

_§;nnare1y YOULS ,

" \%u{\h Hl\llnell\—w G

Phyllis M. Schellenge

Begistrar

Begistry of Tumors in
Lower Animals

Enclosures — Activities Eeports
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" TEAR OUT ACCESSION SHEET

FLEASE SUBMIT TO:

Dr, John C, Harshharger DATE RECD.

Fegistry of Tumors in Lower Animals CONTRIBUTOR'S NO,
Hational Museum of Natural History RTLA WO,

Boom W2lG-4 . i

Smithsonian Institution - USHM MO,

Washington, D.C., 20560, USA NIH HISTOPATH WO,
COMMON NAME green turtle FAMILY cheloniidae
PHYLUM chordats " GENUS chelonia
CTASS Iﬂptj 1ia SPECIES mudaﬁ

ORDER chelonia

CATEGORY: NEOPLASM X  INFLAMMATION INFECTION PARASITIC TOXIC
DEVELOPENTAL TRATMATIC HORMAT, OTHER

CONTRIBUTOR (MAME & ADDRESS): COLLECTOR (NAME & ADDRESS): )
George H. Balazs same
Hawall Institute of Marine Biology
F.0. Box 1346

Kaneche, HI 96744

. EUEHITTEDS {EIIAI-EEIE‘:_E =in.'lrl a total ol

GROSS MATERIAL _of f soecipens PHOTOGRATHS $Pafieparencies of the live animsl
available uptli request ——

SLIDES REFRINTS

BLOCKS OTHER

ORIGIN OF ANIMAL: MARINE X FRESHUATER ESTAURINE TERRESTRIAL

WHERE COLLECTED Kapeche Bay, Island of Oghu, Hawail

DATE COLLECTED __ 30 Nov 77SEX ynk AGE unk STAGE OF LIFE CYCLE immature

HOW KILLED gﬁﬁig EIH‘IE when frozen  FINXATION 10% formalin
GROS3 DES o ﬂﬁighﬁyguﬁ¥ﬂﬁﬁ"kurtle {straight carapace length-18 3/4 ; stralght

carapace width- 14 3/4; weight 57 1bs} found floatlng &t the surface, weak, very I1ttle life.

Animal was gubseguently frozen while still alive. Dissection revealed that the stomach and
intestinal tract were full of food (benthic algse). 1Rls is interestIng in view of ThE T3ct that
both eyes appear to be covered over with tumors. The three bags of material submitted contaln the
followings: ;12 two comslete front flippers with associsted oe toral musculatures; {g} complete
pelvic section, including both hind flippers and tailj Eai head and neck, heart, and section
of lung.
MIGCROSCOFE DX

————

COMMENTS (e.g., possible exposure to chemical pollutants or infectious agents, in-
cidence and duration of this condition in the population, etg,)= Unknown

(Please use reverse side, if more space {s needed)
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October 23, 1074

Dr. John €. Harshbarger, Director
Registry of Tumors in Lower Animals
Smithsonian Institution

Washington, D. C. 208580

Dear Dr. Hnrnﬁhnrg&r:

You may recall that I corresponded with you several months ago
concerning the incidence of tumors in green sea turtla=. I have

only recently returned from Prench Prigate Shoals (23° 45' ¥

166 10" W) where studies were conducted on the nesting colony

for the secord consecutive season, Approximately 10% of the adults
observed (including both sexes) were seen to have tumors. GSizes
ranged from 2 em in diameter on up to approximately 30 cm, Of par-
ticular interest was what appeared to be n relatively high incidence
of growths which originated from the eve. I have enclosed a photo-
graph which displays one such animal (with my compliments for your
reference collection). The ares of growth did not originate from
the iris or pupil and, therefore, appeared to present only a.physi-
cal barrier to normsl vision. I am particularly interested in this
aspect from the standpoint of long range migration =s the animals

in question were apparently able to successfully complete their
voyage to the atoll.

I would very much like to obtain a copy of the Registry's most re-
cent activities report. Unfortunately, this report, which ¥You men-
tioned in your letter of April 24th, was never received.

I have enclosed = paper which describes a portion of my green turtle
work during 1073.

Best wishes and Aloha!

Zincerely,

OEORGE H. BALAZS
Jr. Marine Biologist
GHB:ec

Enclosures (2)



National Musewm of Natural History « Smithsonian Institution

WASHINGTON, D.C. 20860 * TEL. 202- 381-5936

10 August 1579

Dr. George H. Balazs

Hawaii Institute of Marine Biology
University of Hawaii at Manoa-

P. 0. Box 1346

Coconut Island

Kaneche, Hawaii 96744

Dear Dr. Balazs:

We appreciated receiving the two growths removed from the
ventral neck region of a green turtle, Chelonia mydas, specimen
(vour tag mmber 2828; our RTLA 2097). Dr. Harshbarger will he
in touch regarding his opinion of this case as soon as possible.

Thank you very much for vour continued interest in the

Registry.
Sincerely,
1 ?
dth*\i 2 \‘\%ﬁ]“ﬁ-\lﬁﬁm}ﬂ‘
Phyllis M. Schellenger -
Registrar
Registry of Tumors in Lower Animals
P.5.

Please send color transparencies at your convenience,



TEAR OUT ACCESSION SHEET

FLFASE SUBMIT T0:

Dr. John C, Harshbarger DATE RECD,

Registry of Tumors in Lower Animals CONTRIBUTOR'S NO,

Mational Museum of Natural History RTLA NO

Room W216-A : 2

Smithsonian Institution USHNM HO,

Washington, D.C., 20560, USA NIH HISTOPATH NO.

CoMMON MAME ~ green turtle FAMILY Chelonlidae

PHYLUM Chordata -GENUS Chelenia

CLASS Reptilia SPECIES mydas - Hawaiian population
ORDER Chelonia g

CATEGORY: NEOFLASM __* INFLAMMATION INFECTION PARASITIC TOXIC
DEVELOFMENTAL TEAUMATLC HOBMAL OTHER

——

CONTRIBUTOR (KAME & ADDRESS): COLLECTOR (MAME & ADDRESS):
George H. Balazs _ same
Cotiamf [hed + 2, O Lo | |

ITEMS SUBMITTED (QUANTITY):

: 055 MATERIAL one jar-numerous sectiorPHOTOCRAPHS
clof =

SLIDES _ gvailable upon request REFRINTS

BLOCKS OTHER, ' |
ORIGIN OF ANIMAL: MARINE _  FRESHWATER ESTAURINE TERREESTRIAL
WHERE COLLECTED et 1sland, French Frigate Shoals, Northwestern Hawaiian Islands

DATE COLLECTED 17 June 79 SEX pa1AGE ypknown  STAGE OF LIFE CYCLE sexually mature- adult
N KILLED FIXATION 5% GATerD in boffor(ewslid by o 1, 9
GROSS DESCRIPTION small neoplasms (2) growing en skin of ventral neck reglon;
_growths were completaly removed and secticned ; no bleeding occurred

v Thag ZEAF
i

HICROSCOFE DX

CRRIENTS (e.g., possible exposure to chemical pollutants or infectious agents, in-
cidence and duration of this conditien in the population, etc.)

(Please use reverse side, if more space is needed)



National Museum of Natural History + Smithsonian Institution

WASHINGTON, D.C, 20860 + TEL, 203- 38]1-50345

14 May 1979

Dr. George H. Balazs

Hawaii Institute of Marine Biology
University of Hawaii at Manoa -

P. 0. Box 1346

Coconut Island

Kaneche, Hawaii 96744

Dear Dr. Balazs:

Linda, Phyllis, 5. C. (Chang), and I were delighted to meet
Vou.

The tissue mass, associated with the intestinal mesentery of
your hawksbill turtle, Eretmochelys imbricata, (RTLA 2042) that we
recelved in Jamuary 1979, 1s composed almost entirely of mature
fat cells, These cells are in a homewenrd arrangement. Their
nuclei are flattened against tic cell wail due to the build-up of
stored fat in the cytoplasm. The fat was dissolved by alcohol
during histologic processing leaving a cytoplasm composed largely
of empty storage vesicles. Neoplastic fat tissue is usually so
well differentiated that it is difficult to distinguish a lipoma
from normal fat. In this case it looks nommal, it occurred in a
normmal location, and since the turtle was feeding well on fish,
the mass probably represents normal fat body rather than a lipoma,
A set of microslides from the three tissue blocks is being sent.

I am also sending the fourth microslide (RTLA 1774.3) from a
series of eight tissue blocks from a Chelonia mydas. Microslides
from RTLA 1774.1, 1774.5, and 1774.6 had been sent earlier. The
tissue in the remaining blocks from this case, RTLA 1774.2,
1774.4, 1774.7, and 1774.8, are so friable I doubt if we will ever
get decent microslides. The external lesions in this case are fi-
bropapillomas as I pointed out in my letter of 6 March 1978, The
lung lesions, ‘seen clearly in one of the two microslides from
RTLA 1774.1 are~fibromas. Hans G. Schlumberger and Balduin Lucke
(Tumors in Fishes, Amphibians and Reptiles, 1948, Cancer Res.,
8:0657-753) noted (on page 702) similar lung lesions, on green sea
turtles with integumentary fibropapillomas, which they thought
were more likely to have originated in situ than to represent me-
tastases from integumentary tumors. A1T tumors examined in your
‘case, RILA 1774, have a benign look and T helieve as Schlumberger
and Lucke did that they arose de novo -- perhaps from a virus.
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Finally, three microslides and several electron microscope
photographs of the fibropapillomas from another Chelonia mydas
specimen (RTLA 1883) are being sent. The BM did not show virus.
As discussed and at your convenience, we need gplutaraldehyde-
fixed material from fresh normal skin, and very small early le-
sions in both skin and 1 for further study. FPor best fixa-
tion make one dimension of each piece less than 2 mm thick.
Glutaraldehyde is being sent -- keep refrigerated until ready --
then use 10 to 20 times the velume of fixative per volume of
tissue. If the items have not arrived safely, please let us
know and we will send another set.

B_'g_%L-gﬁTEﬂI‘I regards,

John C. Harshbarger, Ph.D.
Py Director
Registry of Tumors in Lower Animals



National Museum of Natural History + Smithsonian Institution

WASHINGTON, D.C. 20860 * TEL, 202- 357=2R/47

17 Detaber 1980

Dr. George H. Balazs

Agpsistant Marine Blologist

Hawaii Institute of Marine Biology
UIniversity of Hawaii at Manoa

P. 0. Bex 1346

Coconut Tsland

Kaneche, Hawzii 96744

Dear George:

Thank you for sending the article mentioning the Registry of Tumors
in Lower Animals: Shadduck, Johp A, anﬂﬂahmnauﬁm_ﬂurphyf,_ﬂiﬂ. Suggestions
for the Post-Mortem Euaminatinn of REPtilEB+ Herp Rev., 10: 113=-115. I
would not have see it otherwise. .

We have just processed more of your green sea turtle fibropapillomas
for electron microscopy but unless we find something wirus-like, we will
defer future effort te my friemd, Dr. Elllott Jacobson, University of
Florida, and his collaborator, Dr. Harry Haines of Miami, who are at-
tacking the problem with a high level of commitment and sophisticated
experimental virology. They are working closely with the commercial
green turtle rearing project in the Cayman Islands, which is having a
high prevalence of fibropapilloma in their turtles and it seems to
spread as if it ie caused by an infeectious agent.

BEEI ersonal regards,

e

john . Harshbarger

Directnr
Registry of Tumors in Lower Animals
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February 11, 1980

Dr. John C. Harshbarger, Direactor
Ragiatry of Tumors in Lower Animals
Smithaonian Tmstitution, BEm. WIlGA
Washington, D. C. 20560

Dear John:

Many thanmks for your letter of 6 February 1980 describing the results
of RTLA 2097. I was particularly interested to learn that no virus had
thus far heen found in this specimen. From your letter, T received the
impreasion that this information had already been communicated to me at
an earlier date, howewar, this has not been the case. Perhaps a letter
to me war loat in the mail during recemt months. HNeverthelsss, the
cause of these fibropapillomas in Hawaiian (and other) greem turtles
remains wnclear, and T truly wish that there was something I could do
to help rasolve the situation.

In the event that it has not been brouoght to your attention, I have a
recent article from Herpelogical Review which mentions your program,

Sincerely,

GEORGE H, BALAZS
Assistant Marine Biologist

Enclosura



U.S. DEPARTMENT OF COMMERCE

National Ocesnic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Southwest Fisheries Center

Honclulu Laboratory

P. 0. Box 3830

Honolulu, Hawali 96812

January 28, 1982 F/SWC2 :CHB

Sea Turtle Stranding Report

Date of stranding = Ocrober 24, 1981

Location EFailuﬂ Heaﬁh Island ufﬁ?ahu, State of Hawaii
q.ﬂ'rh’:‘-—1mn‘- F" ot |5 Al J'IEF"-'?E'FH-"'

Specles = Chelonia mydas {(green turtle)

Straight carapace length= 60,5 cm

Condition -

Observation and remarks -

Person that found )
the turtle

Person that conducted -
examination

Persons submitting this =
report to SEAN

Earely alive

Many fibropapillomas were present around the eyes
and junctions of flippers to the body. HNodules
varied in size from & few millimeters to 6=7 cm,
Some were ulcerated and necrotic. Many unidentified
small ecoparasites were attached to the epidermis of
these nodules,

The major viaceral organs appeared grossly normal,
Ascitis was minimal. The stomach and intestines were
full of algal food material. Pulmonary abscesses

and necrotic fecl were noted by light micrescopy in
sections of the liver and kidney. Vibrio para-
hemolyticus and Acinetocbacter lwoffi were isolated
from a lung swab,

Bobert Bourke

I'r. Thomas Sawa

Chief, Veterinary Laboratory
Department of Agriculture
State of Hawaii

William G. Gilmartin and Georze H. Balazs
HMF53, Honmolulu Laboratory

P, 0. Box 3830

Honolulu, HI 96812
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State of Hawaii __:': = ’ -
Department of Agriculture
DIVISION OF ANIMAL INDUSTRY w7272
Vetarinary Laboratory
Date: December 3, 1981
Accession No.;  81-10-133
Dear Doctor; =======~
The specimen that you submitted on October 28 described a5 approximately

| 2-year-old female Green Sea Turtle, Wational Marine Fisheries Center, Kewalo Basin

S s —

has been examined, The observations and remarks are:

The turtle was found beached on Kailua on Saturday, October 24th, There were many

 skin nodules and it was listing to the right in the tank. Euthanasia was by decerebration.

____ Many skin nodules, varying from few mm in diameter to 6-7 em were seen around the

il e

__eye, including the eye-1lids virtually closing the eyes, neck and junctions of flippers

_to the body, Some of the nodules were ulcerated and necrotic. Many unidentified small

The internal portion of

“flukes were found attached to the epidermis of these nodules.

 the podules was soft, pliable, whitish ar:r_.'ll__.ﬂ.!:peatud fibrous.

——ms i m L -

Ascitis was miﬁi‘!‘ﬂ:ﬂl.

T R i e s L B B S,

The major visceral organs appeared grossly normal.

_There was much browmish "algae™ in the stomach and much intestinal contents.

By light microscopy, although grossly normal, pulmonary abscesses and necrotic

S foci in sections of the liver and kidney sections were noted.

__:____ Yibrio parahemolyticus and Acinetobacter lwoffi were isolated from a lung swab.

 gut contents were negative for parasites. B

Except for the obvious anemia, the results of the differential picture of the

hemogram was difficult to interpret due to my inexperience in this particular species.

The results of the Ca - P - mg blood levels are skewed, probably not real.

The skin nodules were fibromas, but whether or not they were induced by the

flukes were undetermined. However, the sites of the fluke attachments involwved
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#1272

December 3, 1931
Accension Wo. 81=-10-153

Page 2

only the epidermis; wherpas the nodule involved only the dermis. Therefore,
it would appear that the fibroma was not induced by chronic irritation

(fluke).
THOMAS R, S5AWA, DVM, Ph.D.
cer Division Head Chief, Veterinary Laboratory
Chiaef, LDC ,..--""’

BI'- HI- Gilmrti“
Dr. R. Makamura
Dr. J. Brock
Mr. RBob Burke



Table 11.—Histclogy report by Grant M. Stemmermann, M.D. ,1 for a green
turtle found dead at Kawela Bay, Oshu, on March 28, 1985,

Lungs:

There is marked enlargement of the alveolar spaces,
associated with greatly increased amounts of smooth muscle in
the alveclar walls, The alveclar septa contain numerous
embryonated helminthic eggs, most of which are surrounded by
multinucleated histiocytes, The pulmonary arteries,
especially the lar and mediun-sized vessels, show
extensive intimal thickening by smooth muscle, This almost
obliterates the luwens of some vesgels,

The lobular architecture is fairly well preserved, although
there are large numbers of hemosiderin-laden histiocytes
through all portions of the lobules, Ova similar to those in
the lungs are found within the lobules, but are fewer in
nupber and are associated with a less onspicuous host
reaction. A single, fairly large segment of the portal wvein
has a markedly thickened intima and is surrounded by clusters
of round cells,

There is too much autolysis to distinguish much cytologic oc
even histologic detail in the mucosa, However, the configu-
ration of the villi suggest that there has been marked
mucosal damage and inflammation, associated with the
accunulation of many round cells in the lamina propria. The
mucosa and submucosa contain occasional helminthic ova, They
are larger than those in the liver and lungs,

The configuration of the flomeruli, some in the process of
Subcapsular development, suggest that this animal is not vet
mature, Present in both the capsule and the interstitium of
the cortex are occasional ova similar to those in the liver
and lung. The renal artery is markedly thickened in its
intimal sspects and also shows distinct endothelial hyper-
plasia, There is a single glomerulus that shows cellular
infiltration, adhesions bebtween capillary and capsule and
basement membrane thickening, This glamerulus is surrounded
by a dense cuff of round cells. There is one embryonated
ovum within a distal corwoluted tubule, This egq is not
associated with either cell reacticn or tubular damage,



Table 11,—Continueed,

Conclusions

This animal apparently succumbed to the effect of
cardiovascular fluke infection (Diginea: Spirorchidae), The
most extensive tissue damage was found in the lungs, which
showed extensive interstitial fibrosis and severe pulmonacy
sclercsis oonsistent with debilitating right heart failure;
and of the small gut where there was extensive mucosal
necresis and ulceration, The latter would have been
inconsistent with adequate nutrition. Renal involvement was
associated with fotal embolic glomerulonephritis. The
presence of embryonated eggs in undamaged distal comnwvoluted
tubules suggests that some eggs may be passed in the urine.

145--!53 Haiku Plantation Drive, Kaneche, HI 96744.
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.I Depariment of Zoology
/ University of Centerbury Christchurch 1 New Zealand

25 Nov. 1985,
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Linda D, Banish,

National Marine Fisheries Service,
Southweast Fisheries Centre,
Honolulu Lahoratory,

P.0. Box 3830, Honolulu,

Hawaii 96812,

Dear Linda,

Thank you for your letter of 15th October and the specimens
you sent. This is our end-of-year exam marking season, and I have been rather
prenccupiai with that lately. My apologies for taking so long te reply ta
you. I still haven't spent as much time on your specimens as I would like,
but I thought I should get this letter away now, or Christmas might come and
go before you heard from me.

I have had a quick look at the cestode cysts (?) At this time, T don't
think they are cysts. I dissected one out, and couldn't be sure what it was.
I should get more time in the next few weeks to examine the material more
carefully.

The fluke was a lot easier. 1Tt is a member of the genus Hapalotrema
(family Spirorchiidae). I have enclosed a photocopy of 8 drawing of this
type of beast. The specimen you sent lacked an anterior end, By the look of
it, when you tried to remove it from the artery, it tore Just behind the
ventral sucker, with which it was probably clinging to the artery wall, The
posterior end was also bent over and obscured some of the details there.

., The specimen was quite well fixed and easy to work with, Hapalotrema-

and its relatives that live in the blood vessels seem to be very pathogenic e

| in sea turtles, much as schistosomes are in mammals. They have a snagil gr“”L
| intermediate host, Cercariae released from the snail penetrate directly e
| (aa far ag we know) into the turtle, “ﬁg

Your method of fixing seems 0.E. The general rules I tell people are
that a) formalin is generally better than alechol as a fixative if the
specimens are to be used for later preparations (whole mounts or sections)
and b) hot fixatives generally produce a satigfactory aspecimen if the
parasites are still alive. Cold fixatives do not kill the specimens guickly
enough to prevent their comtracting strongly when the fixative comes into
contact with them. In the case of flukes, specimens held flat, or very slightly
compressed during fixzation, are easier to work with later. Their internal
organs are easily seen, However, a lot of people tend to over-flatten flukes
when they try to do this, The result is a squghad, distorted specimen. Only
experience will tell you how much pressure can”be applied. 1 make mistakes
myself, so, if I have a few specimens, I often flatten one or two, and fix
the rest with hot (70°C) formalin. That way I hope to get something useful.
If in doubt, simply fix with hot formalin and don't worry about trying to
flatten the specimens.

As far as references etc, go, I have sorted out a few that might be of
use. If I think of any more, or come across useful ones, I'll let you know.
That's it for the time being. Sorry this has been rather rushed. I wish you
interesting finds in future necropsies]! BRest wishes

o,

~Pavid Blair
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. MARCH 1984

6TH ANNUAL WORKSHOP ONM
SEA TURTLE BIOLOGY AND CONSERVATION

Wednesday (19 March 1988)

3:00 pm - 10:00 pm . Begigtration
6:00 pu = B:00 pm Cockout
8:00 pm - 10:00 pm Social hour and Foster Session

Thursday (20 March 1986)
8:00 am - 12:00 noon Registration
8:15 am — B:30 am Anmouncements
8:30 am - 10:00 gm SESSION I "NESTING BEACH MANAGEMENT"- E. Possardt, Chr.

Paper Fresentations

..XB:ED am FProduction and success of the loggerhead
4 and green turtle nesting colony at Melbourne
Beach, Florida in 1985.

Blair Witherington and Llewellyn M. Ehrhart.
Florida Central .

‘\‘iﬂt-ﬁﬁ am A locel government's response to lighting
disorientation of hatchlings: an oceanfront
lighting ordinance.

Taresa A. Kramer, Envir. Resource Specislist.
reva » Florida.

‘Y‘?tﬂﬂ am Turtle nest screening at Canaveral National
Seashore.

Richard Bryent, FPark Ranger,
ﬁmﬂ%fﬂmm.
)&9;15 am The valwe of hatcharies.

C. Robert Shogp, U/Rhode Island

X“J:Eﬂ am  Assessment of 1985 predator control project
along Eennedy Space Center Beach.
Jane Provancha, Bio-2, Kennedy Space Ctr., FL

A?:Iﬁ em Papel Discussion on Nesting Beach Management

Barl Possardt, Ross Witham, Lew Ehrhart,
Sally Murphy

10:15 am = 10:45 am Coffea Break



Thursday, March 20 continued
10:45 am — 12:00 noon SESSION II "BEACH WOURISHMENT™ - Ross Witham. Chr.

Faper Presentations:

_ (10;#5 am Activities on major nesting beachee: a growing
- problem.

Paul W. Reymond, NMFS, 5t. Petersburg, FL

<‘11 100 am Sea turtle protectiom, 1985, in conjunction
with' the South Beach nourishment project.

Richard Wolf, Chief Envirommental Officer,
ity of Boca Raton, FL

X 11:15 am Effects of sand compaction on nesting ses turtles,
Dave Nelson, US Army Waterways
t Btatiom, MS.

-I"(Il:ﬂﬂ am Panel Digcussion on Beach Nourishment

Ross Witham, Mora Murdock, Richard Welf,
Dave Nelson, Paul Raymond, Ed Standora

12:00 noon — 1:00 pm Lunch
1:30 pm = 3:00 pn = SESSION IIT "EEMP'S RIDLEY™ - Bater Pritchar .

Paper Presentation

)< 1:30 pm  Anelysis of eight years work in Rancho Nuevo.
Bene Harques M.

A4 1:45 pm  Progress in the head-start phase of Kemp's
' ridley sea turtle recovery.
Charles W. Caillouet, Jr. NNMFS, Galveston, TX

# 2:00 pm Disbribution and frequency of EKemp'e ridley
: strendings along the Atlantic & Gulf coast, US
(1980-85). Barbara Schroeder, NOAA/NMFS, Miami

ﬂ 2:15 pm FEemp'a ridley activities at Padre Island, Texas.
Milford Fletcher, HFS

J‘-—__E:SU pm Fanel Discusgion on Eemp's Ridley

Peter Pritchard, Charles Caillouet, Rene Marquez,
Jack Woody, Larry Ogren

3:00 pm - 3:30 pm Coffee Break



Thursday, March 20, continued

3:30 pm - 5:00 pm SESSION IV "TED. IMPLEMENTATION™ - Tom Murphy, Chr.

+ 3330 pm

A 3145 pm

A 4100 pm
A 4115 pm

7 4130 pm

6:00 pm - 7:00 pm

Paper Presentations

Btatus of the TED.
Chuck Oravetz, WMFS, St. Petersburg, FL

Commercial fishermen's view of the turtle problem
and the use of TEDs.
David L. Harrington, Sea Grant, GA

The conservation communities' wview.
Michael Weber, CEE

FWE viewpoint.
Jack Woody, FWS, Albuquerque, NM

Panel Discussion on TED Implementation

Tom Murphy, Jack Woody, Chuck Oravetz
Joe Webeter, David Harrington,
Michael Weber

Dinner

7:00 pm — 8:00 pn SPECIAL SESSION "SEA TURTLE RESEARCH & COMSERVATION
IN COSTA RICA™, Keren Bjorndal, chr.

7:00 pm

7:15 pm

7:25 pm

7:35 pm

T145 pm

8:00 pm - 10:00 pm

Status of marine turtles on the Pacific
American coast.
Douglas C. Robinson, Universidad de Coasta Rica

The first step of the WIDECAST Carribean Action
Plen in Costa Rica
Ana C. Chaves 0.

Sex determination, by temperature, in the olive
ridley turtle (Lepidochelys olivaces) in Ostional
Costa Rica.

Adrian Ugalde

Potential eignificance of nesting solitary
turtles, Leplidochelys oclivacea, on the Pacific
coast of Costa Rica.

Juan Carles Castro

Hatching success in the natural nests of the
olive ridley at Ostional Beach, Costa Rica.
Mario Alvarado

Social Hour and Poster Sessions



Friday (21 March 1986)

8:15 am - B8:30 am Announcements

8:30 am - 10:00 am SESSION V "STRANDINGS AND SITINGS® - Douglas Beach, Chr

’\{Eﬂﬂ am

,{m& am

9:00 am

e

9:15 am

9:30 am

28

: .'I 5 . .-l‘i-.- [
XYl Lot
‘-lf'l " wﬂ*“«'lu:nu am - 10130 am

L f

Ldﬁ;ﬁﬁ"’ ¢ 10130 am

Paper Presentations

Sea turtles in northern weters; insights
through the study of stranded sea turtles.
Robert Prescott, Wellfleet Bay Wildlife
Sanctuary, So. Wellfleest, MA

Cold Stunning of Kemp's Ridley Sea Turtles
in Long Islend and Poseible Implications.
Sam Sadove, Marine Mammal Stranding Center.
“and Ann Meylan..

Frequency and distribution of strandings

and sitings along Wew Jersey cecast and
aware Bay.

"Bob Schoelkopf, Delaware DNR

Florida sea turtle stranding, 1980-84,
Welter Conley, FL DNR, St. Petersburg, FL

Panel Discussion on Strandinpgs and Sitings

Douglas Beach, Robert Prescott,
Fred Berry, Bob Schoelkopf.
Jack Musick, Walter Conley

Coffee Break

10:30 am -~ 12:00 noon SESSION VI "TELEMETRY" — George Belases, Chr.

Faper Presentations

Preliminary results of eatellite telemetry
and sub-adult loggerhead movements.
Richard Byles, VIMS, Gloucester Point, VA.

A telemetric study of leatherback sea turtle

’ / ><1ﬂ:#5 am
: L AL behavior in Narragsnsett Bay, RI,
4t FT, nI:h g _?g:_gninlyg_ e
fre i
H,.l'ﬁ“& > 11100 am Movements of translocated loggerhead turtles
using radic telemetry.
. r{kr_fr Tom Murphy, SCWMRD, Green Pond, SC.
q Mo e
Jr[*ll"' nﬂl :‘.q 7, a B 11:15 am Penel Discussion on tE! vul;_!J of Telemetry
: LR P L L in Recovering Sea e Populations
r!-};]w IE,JI ; r_.':.1:'”r{|_1u-2'|" 'E.n'tﬁﬁ mi’.j- :Fh}.. Hﬂhﬂrﬂ. BTIEE'
ﬂi J - J. Keinath/ NMFS rep., Ed Standoras
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Friday, March 21 continued

12:00 noon - 1:00 pm

Lunch

1:30 pm - 4:00 pm SESSION VII "POFULATION BIOLOGY™ - Nat Frezer, Chr.

¥
W 1:45 pm
/E:H'El pa
. Qyeaty pheife
{7 'r:’?g-‘-ﬂ-'?‘&.wnf:" -
_.::l- o _._-_}j,. f?ﬁ."t
I;."I'I:l- Ti"ﬂ'—l"-'ﬁﬁ ":r L 2 15
Aot Back <14 PO
= ﬂi Paﬁf-c»l;r

Paper Fresentations

Population sizes, growth rates and movements of
greaen turtles and hewksbills in the USVI.
Balf Boulon, Jr. US Virgin Islands

Growth rates of immature green turtles and
loggerheads on the southern Bahamas.
Keren Bjorndal & Alan Bolton, U/FL, Gainesville

The reproductive charscteristics of loggerhead
turtles at Wassew I=land, GA. 1973-85.
Joe Hendricks, Mercer U., Macon, GA, and

—

Ssvannah Science Museum, Savannah

Age, growth, survival end mortality in loggerhead

turtles estimated from tag-recapture experiments.
Tyrrell Heowood, WOAA/NMFS Pascagoula, MS

2:30 pm )Incidence of

2:45 pm

3:00 pm = 3:30 pm

3:30 pm

LPapillautn:i. in Heweiian Green
Turtles.

George Balazs, WOAA/MMFS, Honeolulu, HI

A preliminary investigation of Papillomatosis
in green turtles.

Llewellyn Ehrhart, U/Central Florida, Orlendo

Coffee Break

Panel Discussion on Populationm Biclogy

Nat Frazer, Ralf Boulen, Karen Bjcrndal,
Lew Ehrhart, Tyrrell Hemwood, George Balaze

= e

4115 pm - 5:30 pm SESSION VIII - SUMMARY - Jack Woody chr,

Fred Berry, Nat Frazer, Tom Murphy,
Douglas Beach, Jack Woody, Rose Witham,
Peter Pritchard, George Balazs.



FOSTERS
Wednesday B:00 pm - 10:00 pm

"Aivarenese of Protection™

"Hegt-site Selection by Loggerheads:

Is Sand Tempersture the Only Important Cuel™

. B. D"

"The Conservation Fractices of Biologically
Bacrificing Sea Turtles"™

".eatherback Baa Turtlest
Tag Use, Tag Loas™

"Harnesseing the Leatherback Sea Turtle
for Research"

Thureday 8:00 pm - 10:00 pm

"The Eeleasse of Sea Turtles by Cayman
Turtle Fam"_

"Age and Growth Studies on Loggerhead
Sea Turtles in Chesapeake Bay"

"Blood Chemistry and Health of Ses
Turtles in Virginia"

"The Relationships of Bodyform to
Locomotion in Sea Turtles™

"Sperm Storage in Turtles"
"Preliminary Results from Herom Islend
Australis See Turtle Rodeo" (with VCR tape)

"Sag Turtle Mest Protection”

"Florida Light Campaign"

Bruce Jaildagian
Gresnpeace, Jackesorville, FL

Tom Mann
Clemson U., 8. C.

Chuck Oravetz & Paul Raymond
NOAA/HMFS, St. Petersburg, FL

Craig Bmith, Lyle EKochinsky
Robert Steinborg
Eco-Search, Inc., Dania, FL

Karen Eckert
U/Georgia, Athens, GA

Scott Eckert
U/Georgia, Athens, GA

Fern Wood
Cayman Turtle Farm, BWI

Ruth Klinger
VIiM8, Gloucester FPoint, VA

Sarah Bellmund
VIME, Gloucester Point, VA

Jeanette Wyneken
U/I11inois, Urbana, IL

Jegg Jones
U/Cincinati, Ohio

Dave Cwens
Texaeg AEM U, College S5ta., TX

Mary Adele Donnelly
CEE; Washington, DC

Mary Adele Domnelly
CEE, Washington, DC
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Our Raf- ECPRO/11/L4/38

Mr. George Balaeszas, :
fioologist,

a8 O’
Dute; 3rd April, 1986

HOAA, Hationsl Marine Fisheries Service,
EWFC Honolulu Laberatery F?EHEE,

2570 Dole Street,

Honolulu, HI 96822-2396,
U-Et.ﬂ..

Dear George,

Many thanks for your letter of 25th March, 1986 and note
that the turtle is an Olive ridley. It is the first time that this
apecies has been recorded 4n Sabah - at Pulau Selingaan - Turtle

Izlande Fark.

In Sarawak, it is found in small numbers on the Turtle
Islends. It is also common on the east coast of West Malaysia
mainly in Terengganu, Kelantan and Pahang. It is rare on the West
Coast. Harvestors on the East Coast had reported a decline in
Hidley numbers. In Indonesis, it nests in saveral places, but not
in large concentrations, In general, populations are sald to have

declined.

Tou are welcome to keen the photographs. If enlargements,
turn out to be clear, I will send you another for record DUrposes .
FPresently, we are awaiting the Tate of the neat in the hatchery.
Will keep you informed of the outcoms.

i
e

i

cne nesting Gresn turtle wes

In 1965, when I first started visiting Pulsu Belingsan,

obeerved with ‘a large maas growing on the

the firet and pecond neural scutes, As attesmpte at removel of the
mags for laboratory examination cmused the animal great pain, it
was permitted to return to the sea. It is the only animal, I have
geen with this type of afflictionm.

I am afraid confersnc
ment financial constraints.

es are presently out becsuse of govern-
1t is indeed a preat pity that in this

part of the world there is no exposure to other professionals and
their views on related projects.

With all good wishea.
Regards.

Yours sincearaly,
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Mr, George Balage,

Soologpist, ¢ r
NOAA, National Marine Fisheries Gervice,

SWFC Honoluluy Laboratory F/SWC2, ,
2570 Dola GStreat,

Honolulu, HI 96822-2396, ’

i Sacond ok here —=

Turtle Islands National Parks

90008
P 0. Box No: 768 /Bandakan,

Senders name and address:
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AN AIR LETTER SHOULD NOT CONTAIN ANY
ENCLOSURE: IF IT DOES IT WILL BE SURCHARGED
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UNITED STATES DEPARTMENT OF COMMERCE

Mational Oceanic and Atmospheric Administration
MATIOMAL MARINE FISHERIES SERVICE

Southeast Fisheries Center
Miami Laboratory

75 Virginia Beach Drive
Miami, FL 33149-1099

27 May 1986 F/SEC11:BAS
MEMORANDUM FOR: Files
FROM : F/SEC11 - Barbara A. Schroeder #.Q. sbehnoecto
SUBJECT: Summary of Marquesas Keys Marine Turtle

Field Work (12-16 May 1986)

A preliminary assessment of marine turtles of the
Marquesas Keys was coordinated by the U.S. Fish and Wildlife
Service and conducted from 13-15% May 1986. The field party
consisted of: Earl Possardt (USFWS), Lew Ehrhart {UEFE,
Larry Ogrenm (NMFS), Barbara Schroeder (NMFS), Ken Dodd
(USFWS) and Deborah Holle, Kip Watson and Tom Wilmers (all
USFWS/Key Deer NWR).

The Marquesas Keys, under the jurisdiction of the 1.5,
Fish and Wildlife Service as part of Key West National
Wildlife Refuge, are located approximately 19 miles due
west of Key West, FL, on the western side of Boca Grande
Channel. The Marquesas are made up of a ring of keys which
form a central lagoonal area 2-3 miles wide. Netting and
sighting activities were conducted around the perimeter of
the keys and inside the lagoen. Field work was based out of
Key West using boat launching ramps at the [J.5. Navy Base
Trumbo Annex and Garrison Bight Marina., Twe hoats [a 17' and
Z3' Mako) were provided by the refuge. Large mesh tangle
nets (16" stretched on the diagonal) were used for three
S€parate sets in waters of varying depths (2' - 10'). Nets
were tended continuously.

The nine sightings and one turtle capture on 13 May were
evidence that the Marquesas provide suitable habitat for
green turtles (C. mydas). Grass beds are extensive around
the Marquesas perimeter and especially within the lagoon,
Unfavorable weather conditions, which resulted in poar
sighting conditions, and strong currents which hampered the
nets fishing properly probably contributed to the lack of
sightings or captures on 14 and 15 May. I learned from a

&
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fisherman at the marina on 15 May that he had seen 2-3
loggerheads (C. caretta) and 6-7 greens on 14 May inside the
lagoon. I suspect this was during the early morning hours
before the winds picked up. Additional netting and sighting
work will be necessary to determine such things as extent of
usage of this area, species and size composition, and seaso-
nal usage patterns.

In addition te the netting and sighting work, the heaches
were examined as potential nesting habitat. There appear to
be two major sandy beach areas on the west and north sides of
the Marquesas. Most of the beach js extremely narrow, the
high tide linhe often at the vegetation edge. The contribu-
tion of the Marquesas beaches as nesting grounds are undoub-
tedly minimal. My field notes are summarized as follows:

13 May 1986

0912: depart Key West
1000: arrive Marquesas

* Set £1: 24-33.2'N B82+'10.0'W (see chart}, running west
from and perpendicular te the shoreline

1012: begin deploying first net

1020; net set, 190 yards out

1134: begin deploying second net, continued running
due west (added on to first net)

1147: 260 additional vards out [ = 450 yards total)

EnES: begin pulling net in

1607 : net in, no turtle captures, two rays (Dasyatis
sayi) and one permit (Trachinotus Falcitus]

caught and released, large manta ray in area hit
net but did not entangle, water temperature
27.0°C, air temperature 30.5'C (1345 hrs)

(1030-1400): second boat running inside lagoon sighted 2
L. mydas in AM and 7 C. myvdas in PM, all
estimated to be in the 47 g to 14 kg range,
one turtle captured by diving off boat, pro-
cessed and released (data attached), waters
€alm and clear in lagoon

1610; depart Marquesas
1705: arrive Key West



14 May 1986

0930:
1051:

Set §2:

1315+
1330:
1540;
1603 :

depart Key West
arrive Marquesas

24°34.2'N B2'07.6'W (see chart), running
approximately NE/SW (inside lagoon)

begin deploying net

net set, 260 yards out

begin pulling net in

net in, no turtle captures, no other species cap-
tured, water temperature 28.5-C, (1600 hrs)

(1230 - 1500): second boat exploring lagoon area for

turtle sightings, no sightings made, water
choppy and difficult to see into because of
windy conditions.

1645; depart Marquesas

1750; arrive Key West

15 May 1986

0800: depart Kevy West

0908: arrive Marquesas

Set #£3: 24-33,.0'N 82-07.9'W (see chart), running
approximately ENE/WSW (inside lagoon)

0913: begin deploying net

1000: net set, 260 yards out; strong current running
east and pulling float line down, added extra
floats to keep top line up

1500: begin pulling net in

1525: net in, no turtle captures, one ray (Pasyatis

sayi) caught and released

(1100 - 1430): explored lagoon and Marquesas SE perimeter

1530;
1639:

for turtle sightings, no sightings made, water
very choppy again due to continued windy con-
ditions.

depart Marquesas
arrive Key West
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June 30, 1986 F/SWC2

Dr., Fred Bmith
Department of Anatomy
and Radioloagy
Dniversity of Ceorgla
Athens, Georgia 30802

Daar Fred,

Your letter of May 23rd was forvarded to me at French Prigate
Ehoals where I have been tagging nesting green turtles for the
past month. I am now back in Heonolulu trying to ecatch up on all
of the correspondence and other paper work that was walting for
“.

It was dieappeinting to learn that the RFA from the Mationel
Cancer Institute excluded reptiles, hence any possiblity of

using designated funda for the papilloma problem in green
turtles. Do you have plans to submit the unsolicited applica-
tion that the program administrator indicated would be welcomed
to compete for general funds? I hope that such research will be
in line with the new goals currently being established by your
department. You can continue to count on my support in whatever
capacity that you feel may be appropriate. I will send vou more
samples as they become available.

Other than John Barshbarger and Elliot Jacobson, I am not aware
of anyone else who is interested in pursuing the papilloma
problem from the standpoint of cause and preventicn. A copy of
my response to Dr. Jacobson has been enclosed for your informa-
tion, along with & more recent letter he sent me. As tumor
material becomes available, I plan te send him samples in the BEM
preservative he described.

I do look forward to hearing from you again when vour Aepart-
mental policy is crystalized.

8incerely,

George N, Balazs
foocloglist
Enclosure

bo: Balazs
-




{404) 542-3121

The University of Georgia
College of Veterinary Medicine
Athens, Ceorgi el

t of Anatomy and Radiology

May 23, 18988

George H. Balazs

Hational Marine Fisheries BSerwvice
Southwest Fisheriss Center
Honolulu, HI 96812

Daar George:

I am sorry to be so uncommunicative, but I have been sitting in a
holding pattern here in our department. We are working on
"Departmental Goals” and I am in much the same boat as Elliott
Jacobson with regard to my department head. We are not making
much progress about getting our goals set so I will at least get
you caught up on progress with the papilloma project.

The tissues you have sent have been in good shape each time. The
fixation and specimen size has been excellent. The papillomas
from the last turtle were very interesting because there were
cryptic areas in some of the specimens (external and oral
samples) which contained glandular elemente within the
epithel ium. Tha epithelial cells deep within thesa ecrypts
contained what appeared to be a mucoid material. I will do some
gpecial stains to confirm what the material is.

I believe the glands just represent sguamous metaplasia, but
their presence indicates to me that the cause of the papillomas
may be acting more on the external surface of the animal (like a
pollutant) rather than from within (like a trematode egg).
However, consider that no more than a hunch at this point.

How about the $fs®. The RFA from the National Cancer Institute
wag limited to finfish and shellfish and was not eppropriate for
reptiles according to the program administrator. He did say they
would walcome an unsolicited application for work on the
papilloma problem. He said it might end up either in the N.C.I.
or with the environmental division of N.I.H. In either case it
would have to compete for general funds, not predesignated funds.

That is where I am sitting right now. I am very interested in
helping work on +the problem in any way that I can. I must
atruggle through +the goal setting we are working on in the
department before I know whether I can pursue this project {(and
my other turtle projects) or whether we are all going to be
working on a "theme®” in our department

An Equal Cpportunity)’ Affirmative Action Institution



In the mean time I would support Elliot’s request for sny funding
you can pogsibly find for him. There iz plenty of work for us

all to do on this problem and the more people working on it the
gooner it will be solved.

You mentioned earlier that others have expressed an interest in
applying for money to work cn the problem. Perhaps they are
better located to work with you or Lew in ecollecting and
sampling. I would like to continue to work on the problem until
the cause is identified and preventive measures can be teken. If
you feel that I can be a help here in Athens as we are now doing
then I will continue to do what I can. I should know by early
June if it will be appropriate for me to work on a papilloma
grant proposal from my department. I can see that in any case
my travel time will have to be limited.

How ever that comes out I would appreciate it if wyou could
continue to send me samples if it is not too much trouble. I
would like to continue to examine the papillomas and to help
search for a solution to the problem.

Sincerely,

Fred



J. HILLIS MILLER HEALTH CENTER
COLLEGE OF VETERINARY MEDICIME

Departmont of Special Clinloa Sclences Labaratory Anirals
and Zoo Animais
HEALTH CENTER ANIMAL RESOURCES Wiidife
Box J-B Birds
Gnlnasville, FL Z2010-0006 Raptilos
Mummiala

Ph,. {204} 3022977

June 11, 1986

George H Balazs

NMFS

Southwest Fisheries Center
Honolulu Laboratory

2570 Dole 5t

Honolulu, Hawaii 96822-2396

Dear Georges

d Sorry to here there i= no possibility of funding but I
will continue to work at this end to get a few bucks to
pursue these preliminary studies. Please collect as many
samples from lesions at different stages of growth and fix
them in the em fixative I recommended., Please make sure you
collect detailed information on where the lesion was
located, how large (measure), whether it was ulcerated, how
many lesions per animal, where were other lesions located,

and overall clinical appearance of the turtle. The more
information the hetter.

I look forward receiving samples as scon as possible
and hope to really start to unravel the eticlogic mystery

behind these lesions.
With hesg regards,

Elliott Jacocbson, DVM,PhD

BHASL EMPLIVMENT OPPORTLIMNITY ! AFFRMATIVE ACTION EMFLOYER




National Museum of Natural History - Smithsonian Institution

WASHINGTON, D00 20560 * TEL. 20d-

17 July 1986

Or. Gegrge H. Balazs

Zoologlst

Honolulu Laboratory

Southwest Flisheries Canter

Mational Marine Fisherles Service, MNDIAA
U.s. Department of Commerce

F.O. Box 3830

Honolulu, Hawalil 36812

Dear George:

Enclosed are accesslon forms, mlcroslides, and evaluations
for two green sea turtle cases, [.e., RTLA 3572 and RTLA 3816.
Both are fibropaplilloma and both contaln a lot of trematode eggs.
Iln contrast, & recent c&se from a Florida turtle sent by Dr. R.
Erlk Martin (RTLA 3581), had no trematode eggs, but was heavlly
infested by l|eeches and crustacea (barnacles 7). Maybe several
dl fferent Irritants can Inltliate the response.

Thank you for thesze good cases!

Sincerely,
—

j/i;ﬁ’“‘"‘
ohn C. Harshbarger, Fh.D.

Director
Registry of Tumors In Lowwer Animals

Enclosures: Accesslion farm= and evalulations
6 mleroslides = RTLA 3572
4 micreslldes — RTLA 36156



Access |lon Sheat

RTLA MNO. 3572 Date Rec’'d 04/01/886 Date Acc 05/23/886

Ccontrib. MNo.
CL=73.5

Common name Green sea turtle

Fhy lum Chordata Ganus Chelonl |daa
class Reptlilia Speclies Chelonia
order Testudlines Strain mydas

Fami |y

Contributor BALAZS, G.H.

Material Submitted

Multiple, small, papl!loma-Iike growths from the eyes, neck,
and fllippers, similar growth from Inslide the mouth, blockin
g glottis

Orlgin of animal: M

Loecality: Hawall, Halelwa: Island of Oahu
Date Coll 3/28/88 - How Killled Dled
Sex ' Age Stage Juvenlile

Gross descriptlon:

Multiple, small, papilloma-Ilke growths from the eyes, neck,
and flippers, simillar growth from Inside the mouth, blocking
glottis. Contributor*s: "Small papll|lomas on eyves, neck and
flippers. Similar (?) growth found in the mouth, blocking
glottis, Turtle found in letharglc state floating at the sur-
face. It dled a few hours later In captivity."”

cComments:




RTLA 3672 EVALUATION

Leslons consist of moderately cellular, col lagenous,
monotonous, dermal fibrous tissue with a verrucose surface of
keratizing eplidermis. Numerous epldermold cysts occur near the
surface. Trematode eggs are abundant In the connective tissue.
Some are enveloped by foreign body glant cells. There are a few

small unidentified metazoans Infesting the surface, none of which
are |eeches. Two resemble some type of crustacean.

DIAGNOS 1S :

Filbropapl | loma

7
John C. Harshharge?ﬁ@ﬂj@iﬁw
¢ /7




Accesslon Sheat

RTLA MD. 3IB15 Date Rec'd OS5/13/88 Date Acc O5/27/B8

Contrib,. Mo.
SCL-868

Common name Gresn sea turtle

Phvilum Choardata Genus Chelonl |daa
Class Reptlilla Species Chelonia
Order Testudlines Strain mydas

Fami |y

Contributor BALAZS, G.H.

Material Submltted
SIx caul |flower-||lke growths from the neck and front fllppar
$; a growth (three pleces of tissue) from the tongue and glo
ttis; a spherical growth from the external upper Jjaw

origin of animal: M

Locallty: Hawall: Live turtle stranded at Halelwa, Cahu
Date Coll O5/07/88 - How Killed LIive--blopsied
Sex . Age Stage Subadult

Gross description:

Six cauliflower-||lke growths (ca 0.8 cm x 0.4 cm to 1.0 cm In
diameter) ranging from white to dark gray, from the neck and
front flippers; a growth {(three pleces of tissue: ca 1.7 cm X 1.
Jem; 2.7 cmx 1.1 em; 2.9 em x 1.8 cm, respectively) from the
tongue and glottis; a spherical growth (ca 2.5 cm In diameter)
from the external upper Jaw

Caommeants:



RTLA 3615 EVALUATION

Leslons consist of moderately cellular, col lagenous,
monotonous, dermal flibrous tissue with a verrucous surface of
keratizing epidermis. HNumbercus epldermold c¢ysts occur near the
surface. Trematode eggs are abundant In the connective tissue.
Some are enveloped by foreign body glant cells. There are no
metazoans Infesting the surface.

DIAGMOS | S

Fibropapll loma

/7
John G: Harshbarger: Wg@j}&@/

Date:




253 Ilimano St.
July 24, 1984 B

George H. EBalazs

NOGR, NMFES

P.0O. Box 3IB3D
Honolulw, Hawaii 2&8172

Subject: SIGBHTING OF A TURTLE WITH & TUMOR

On 20 July 8é& at ™“1:00pmy while diving in Kailua EBay
approximately S00 meters northeast of a small rock island
(localliy it erred to as "bird shit reock") a Green Saa
Turtle, Chelopla myvdas was obeerved resting on the bottam in 40
feet of water. The shell length was metimated as about 24
inches. It was aware of pur presence but made no attempt to
move. & #ingle large tumor of about & by 4 inches was ocbserved
attached to the turtle’s left hind limb.

When I approached the turtle it remainaed still and allowed ma
ta 1ift it off the bottom. Then it beolted from my grip and
sgttlied down on the bottom about 20 feet From the place where it
broke free. I repeated my attempt and the turtle bolted Bgain
and found an overhang under which to sheltes. I then left the
turtle, assuming that it was not disabled enough to warrant a

FESELIE.

Bincerely,

ESWe W

Frank A. FaFrish



253 Ilimano, 5t
July 27, 198&

Gearge H. EBalazn
MOEAR, MHFS

F.0. Box Z830
Honolulu, Hawaii F&312

Subject: INCIDENT OF ENTANBLED TURTLE, WITH TUMORS

The BGreen Sesa Turtle, Cheslonia mydas was flrst cbserved
appruximatel} B:30 am on 27 July BS at the mouth of H:ngﬁﬁi
Canal at Kailua Bavy. Originally seen by mome children whe were
playing on the canal bank, its presence was hbrought to the
attention of a lpcal resident. The resident obeerved the Read of
a turtle breaking the surface repeatedly within a foot of a berye
which is moored in the middle of the canal. The greatest
observed time interval betwsen surfacings was twenty minutas.
The concerned resident then called me.

When I arrived {approx 10:30 am), I saw the turtle surface
close to the buoy. I swam out to the buday., looked about the line,
and found the turtle at the bottom of the line resting on  the
canal  bottom. Entangled in 1/8 polypropylens line, the turtlie
had enough scope to migrate to the surface to breath and then
return to the bottom to rest.

The water was murky and the turtle very active, @& it was
impractical to handle it in place. I tied a line from shore to
the 1ins in which it was entangled and then cut the turtle free

of the mooring. With aid from shore, I wWa=s able to guide the

turtle to the beach with nilaanam struggle.



Once ashore, it was apparent that a2 4-inch tumor located on the
turtlie’s right fore flipper had become tangled in the frayed buoy
line, The line was securely fouled arcund the perduncle of the
tumaor. This may have pcoured while the turtlse was feeding on
algae growing on the line. At this tim& by quick count, 12
consplicous tumors of sizes between 2 and & inches wWere found
distributed throughout all flippers, tail and head. Tha turtle
was then rolled on its back to immobilize 1t while freeing it of
the 1line and taking some photos (enclosed). A yard stick was
ineluded in the photos for scale Total length was 38 inches,

5= Fhtr
shell length ™30 inches. A photo of thae entangled tumar is
includead. No rupture of the tumor or injury to any other part
of the turtle was observed. 1 looked for tags or marks on  the
shell and found none.

The turtle was then placed back in the water where it $led
quickly. The total time it was exposed on the beach was kept to
vnder ten minutes because local residents supplied equipment and
aid upon reguest. I returned to the buoy and cleared the frayved
ling.

Deborah BGoebert of 48B4 Kaimalino St. Ksilua HI 98734 was

responsible for calling me to the scene. Her neighbors, the

Adams family, of 478 Kaimaline St. supplied the film and camera

for the plctures.

SinceErsly,

Towend A Bl

Frark &. Parrish
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U.5. DEPARTMENT OF COMMERCE

Natjonal Oceanic and Atmospheric Administration
MATIOMAL MARINE FISHERIES SERVICE

Southwest Fisheries Center Honolulu Laboratory

2570 Dale 5t. + Honolulu, Hawaii B6822-2396

June 17, 1988 F/5WC2

Dr. John Harshbarger.

Registry of Tumors in Lower Animals
Room W216

SEmithsonian Institution

Washington, D.C. 20560

Dear John,

The enclosed report by Dr. Elliott Jacobson is the result of a
small contract issued by our agency to learn more about the
fibropapilloma problem in green turtles. The funds for this
work originated from a branch of the National Marine Fisheries
Service based in Florida. Consequently, I had very little
opportunity to have turtles of Hawaiian origin included in the
work. In fact even though the report is dated June 1987, I was
only recently able to obtain a copy.

I am sending the report to you because of your lengstanding
involvement in green turtle fibropapillomas. Dr. Jacobson still
seems to strongly believe that a wvirus is the responsible agent.
However, as you will read, he has yet to demonstrate the
presence of a virus. When your time permits, I would very much
appreciate hearing your expert review comments on the work and
conclusiona of the report, Some sense of direction is needed
here in Hawali on this disease problem, and I am not at all
certain our money will be best spent searching further for an
elusive virus.

In closing, I should mention that during 1987, 41% of the 112
stranded turtles we dealt with here in Hawaii involved
fibropapillomas. Both the numbers &nd percentage we are seeing
continue to increase with each pagsing year.

Balazs

Enclosure
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WI National Musewm of Natural History « Smithsonian Institution

WASHINGTON, D.C. 20560 ¢ TEL. 202- 357 =2647

an i img?

14 December 1987

VIA AIR MAIL

Dr. Hiroyuki Tachilkawa
Regearch Staff

Ogasawara Marine Center
Byobundani, Chichijima
Ogasawara-mura, Tokyo 100=-21
Japan -

Dear Dr. Tachikawa:
Thank you for your letter of 25 NHovember.

I would be gquite interested in receiving well fixed tissues
from the green sea turtle fibropapilloma-like leslons from your
area. The kidney of a turtle with cutaneous fibropapillomas
recently autopsied in Florida had half of the kidney replaced by
a gimilar lesion. Therefore should you obtain a very fresh
specimen you should also examine internal organs for lesions and
gsend along fixed examples for diagnosis. Since the green sea
turtle (Chelonia mydas) is an endangered species, legally you are
supposed to get a CITES (CITES = Convention on International
Trade in Endangered Species) export permit from your Government.
While you do that I will get an import permit from my Government.
FPlease let me know when you are ready to ship the tissues and I
will send you my documents (or number) to attach to the shipment.
We will supply you with a diagnosis and a set of microslides.

I am sorry this is such an effort, but if you request an
open-ended export permit then any future shipments should be

simple.
sipcerel?,

f,fﬁiﬂ:a fﬁ%&;& -yﬁ

Jnhgfﬁ; Harshbarger, Fh.
Director
Registry of Tumors in Lower Animals

cc: G, H., Balazs
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ENVIRONMENTAL UPDATE

Turtles:l Threat of tumors

FROM PAGE 1

around Auvstralia.

1 The tumors are bulbots
umpe of pink flegh. They are
moat common on the eyes and
around the mouth. But they
are also common on the flip-
pers, in the throat, and on the
internal organs. They tend tfo
be tumors of skin tissue, but
can be found elsewhere ag
well, Balaze said.

Az the epidemic spreads, sci-
entlsts grow more worried,

“Things just keep getting
worse, Bomething I2 getting out
of hand,” he said.

The tumor dizease was un-
known to science until the
1020=, when it was reported on
green gea turtles in Florida,

Ninety-nine percent of the
cagesd - acrogs the globe are on
green egea furtles, an endan-
gered species. There are now
two reporis of simila.ru;rumura
an lowgerhead turtles Cape
Canaveral, Florida, and there
are rare reports of tumors on
olive rldley turtles off the FPa-
cifie const of Meoxico,

The tumore often grow
arounid the eves of furtles until
they are blind and cannot feed
themselves. They can also
grow - around the mouth and in
the throat, until the animals
cannot et or breathe.

The number of turtles that
atrand themselves on Haveall
shores has grown Lo record
lewels, and most of the strand-
od turtles suffer from severa
tumar disesse,

There are still a few pockets
of turtle populations without
the dizeasze, but it |z not clear
how long- they will remain so.
Balazs said there have been no
diseased turtles found in zam-
plings at Kiholo Bay on Ha-

y

]

! - ¥F
Pnato courtesy ol -Geange H. E

A Hawailan green turtle, Chelonia mydas, with fibropapilloma disease.

wail, but at Punalua Bay on
Hawail, which previouzly was
disease-free, there have pow
been two cases of tumor dis-
casg,

Srcientists from around the
country met last month in Ho-
nolulu at & workshop to discuss
what they know and how to
praceed,

The mozl accepted theories
about the cause of Marine Tur-
il¢ Fibropapilloms Disease are
these:

B A very celusive virus
causes the tumors, and science
gimply hasn't been able to lo-
cate the virus, ‘There are simi-
lar tumors, which are known
Lo b caused. by wiruses, in
cows, deer, mice and other ani-

fmalz.

B A virug in combination
with some Kind of chemical
poilution, which suppresses the
turtles’ immune system and al-
lows the wviria to cause the tu-
miors, the way AIDS suppresees
the immune system and allows
pneumonia, cancers-and other
dizeazes (o proliferato.

W A parasite of some Rind,
which directly catses the tu-
mars,

B A parseite that carries a
virie, which in turn causes the
TUIsIOrE.

Balazs said he jokingly sug-
gested 1o the workshop that
the heole In the ozone laver
might be responsible; Nobody
laughed. Some Ekind of zKin

L4

chander promoted by inores
solar radiation is at jeast a
gideration, he said,

1t ectually makes & [
sense, gince the tumore o
appear first and are most |
oug around the evez
mouth, which are expose
the sun every time the ti
comes up to take a breath.

There I8 a human come
thet if some kind of chen
poliution In the ocean i85 c
ing heslth problems  with
tles, it could end up bein
warning flag for potential
man health dangers.

But lor now, it appears
disgase i3 limited to the tur
the graceful flying saucer
the deep,
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Ocular Fibropapillomas of Green Turtles (Chelonia mydas)

D. E. Brooks, P. E. Ginw, T. B, Mmier, L. Bramsown, anp E. R. JacoBsoM

Depariments of Large and Small Animal Clinical Sciences—Ophthalmology Service (DB, Th),
Small Animal Clinical Sciences—Wildlife Service (EI), and Comparative and Experimental Pathology (PG),
College of Veterinary Medicine, University of Florida, Gainesville, FL; and
The Turtle Haspital, Marathon, FL (LB)

Abstract. Histologic evaluation of four eves from three stranded juvenile green turthes (Chelonia mypdas)
from Florda, USA revealed ocular Abropapiliomas composed of an overlving hyperplastic epithelinm, various
amounts of & thickened, well vascularized, collagenous stroma, and 3 moderate-1o-dense population of reactive
fibroblasts, The histologic morphology of the ocular libropapillomas varied depending on whether the evelid,
conjuncliva, limbus, or cornea was the primary si1e of tumaor origin, Fibropapillomas arising from the limbus,
conjuncliva, or eyelid tended to be polyploid or pedunculated with a high degree of arborization. They often
filled the conjunctival fornices and extended exvernally 1o be ulcerated on the distal aspects. Comeal fibropapillo-
meas were more sessile and multinodular with Jess arborization. Some comeal wumors consisted primarily of &
broad fibrovascular stroma and mild epithelial hyperplasia, whereas others had a markedly hyperplastic epi-
thelium supported by stalks of fbrovascular siromal tissue. In green uniles ocular fbropapillomas may be
locally invasive and associated with severe blindness and systemic debilnation.,

Key wonds: Fibropapilloma; green turiles; ocular neoplasia.

Creen turtle fibropapilloma (GTF) is commonly re-
ported in free-ranging green turtles (Chelonia mydas)
in many parts of the world.' A dramatic increase in
the prevalence of GTF in stranded green turtles has
occurred since 1983, Up to 853% of individuals are
afected in some regions,

Fibropapillomas are thought 1o be of infectious or-
igin in green turtles, as epizootics of papillomatosis
have been reported.®? In two cases of cutaneous GTF,
degenerative superficial epithelial cells contained eo-
sinophilic intranuclear inclusions that were found to
consist of viral particles. Based on size, location, and
morphogenesis, these particles were considered to be
compatible with members of the family Herpetoviri-
dae.? It may be, however, that these viruses represent
only secondary infections, merely present in a growing
tumor, and not the ebiologic agent of GTF.? Deter-
mining the specific etiology of GTF is complicated by
the common occurrence of spirorchid trematode eges
within dermal capillaries of the tumors.* The role of
papillomaviruses in the pathogenesis of GTF has also
not been fully elucidated.?

Severe culaneous and multisystemic viscoral in-
volvement 15 common in GTF.? GTF of the skin, eves,
lung, heart, kidney, and gastrointestinal tract has been
reporied.” Ocular GTF has been previously noticed in
capiured juvenile and adult preen turtles in the cormes,
evelids, periocular skin, and conjunctiva.®? Surgical
removal of periorbital and corneal GTF has been at-
tempted.*

Although the actual percentage of green turtles af-
flicted with ocular GTF is not known, the eye is re-
ported to be frequently and severely affected in strand-
ed turtles** In spite of these many observations, no
histologic description of ocular GTF exists. The pur-
pose of this paper is to describe the histology of ocular
GTF in order t0 make comparisons o the cutaneous
form of the tumor,

Materials and Methods

Four eyes from three different stranded juvenile green tur-
tes (Chelonia mpdas) from the Florids Eevs with ocular,
cutaneous, and systemic signs of GTF were available for
histolopic examination. The size of the besions suggested that
severe visual deficits were present in each of these turtles
Specimens were obtained at the time of anesthesia for surgical
removal of the lesion or following death of the animal. Rep-
resentative lesions wers fxed in 10% newiral-buffered for-
malin, decalcified in formic acid-sodivm citrate solution, em-
bedded in parafiin, sectioned at 7 pm, and stained with
hematosylin and eosin and periodic acid-Schiff stains.

Results

Gross examination revealed each eye to have single
o multiple, darkly pigmented, verrucous papilloma-
tous lesions varving from 2 to 4 cm in diameter. The
lesions arose from the cornea, the limbus, the con-
junctiva, or the mucocutaneous junction of the evelids
(Figs. 1, 2). Nonpigmented, whitish-tan areas of each
miass were also presenl. In two globes, the lesion in-
corporated the entire cornea and limbus obscuring a

333
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Fig 1. Ewve; green turtle, Palpebral fissure is obliternted
by larpe papillary fronds of this variably pigmented, pro-
trwding, verrucous ibropapilloma

focal site of origin, A distinct, isolated conjunctival
mass was also present in one of these globes, A third
cyie had a single lesion arising from the limbus, whereas
the fourth eve had one mass ansing from the eyelid
musocutaneous junction and a second mass arising
from the conjunctiva of the formix,

Histologically, the masses arising from the conjunc-
tiva, limbus, or evelid mucocutaneous junction tended
1o be polvpoid or pedunculated with a high degree of
arhorization (Fig. 3). These masses usually enlarged to
obliterate the conjunciival fornices and extended ex-
ternally 1o become ulcerated on their peripheral sur-
faces. The surfaces tendead to become more verrucous
as the lesions increased in size. The lesions associated
primarily with the cornea were more sessile and mul-
tinodular with less arborization (Fig. 4).

Fig 2. Eye; green turlle, The comeal surlace is replaced
by this sessile fibropapilloma.

Fig 3. Ewe; green turtle. An arbonzing, pedunculated tu-
mor at the eyelid mucocutaneons junction and a smaller
conjunciival fibropapilloma {open triangle] are present. HE
Bar = 3.6 mm,

The lesions were composed of a hyperplastic cpi-
thelium overlying varving amounts of a thickened, well
vascularized, collagenous stroma containing 3 mod-
crate-to-dense population of reactive hibroblasts (Figs.
5, 6). Depending on the anatomic location, three pre-
dominate epithelial types consisting of noncornified
stratified squamous, comnibfed stratified squamous, and
epithelia consisting of large goblet cells were noted.

The epithelium of the limbal mass was up to 30 cells
thick and was either a superficial noncornified stratified
squamous epithelivm or a cornified stratified laver with
goblet cell differentiation at its base. Masses arising
from the conjunctiva or mucocutaneous junction of
the evelids demonstrated a similar degree of hyperpla-
sia. They were lined in the basal regions of the mass
by goblet cells and on the more superhoial aspecis by
cornified stratified squamous epithelium characterized
by moderate orthokeratotic hyperkeratosis, clefilike
invaginated accumulations of excess keratin, and ac-
cumulated mucin {Fig. 5).

Fig 4. Comes; green turile. Endophytic nodular masses
with cavitated centers in this comeal fibropapilloma, HE.
Bar = 2.3 mm,
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Fig 5. Cornea; green turile. An endophytic nodular mass
consists mainly of thickened, dvsplastic epithelivm with a
cavitated center of sloughed epithelial cell remnants. Note
dermal pigmentation. HE. Bar = 300 wm.

Two morpholegic variations appeared in the corneal
lesions. One corneal lesion was composed primarily of
a broad fibrovascular stroma with only mild hyper-
plasia {up to 15 cells thick) of the overlying noncor-
nified stratified squamous epithelium. The epithelium
formed deep stromal invaginations and had multifocal
areas of goblet cell differentiation (Figs. 3, 6). No nor-
mal corneal epithelium remained, and the stroma of
the cornea was confluent with the mass of fibroblastic
tissue, The lesion also incorporated and disrupted the
scleral ossicles (Fig. 3). The other more sessile corneal
lesion had & markedly hvperplastic epithelial compa-
nent {up 1o 40 cells thick) that formed numerous en-
dophytic nodular masses and anastomosing cords of
cells supported by scant intervening fibrous tissue (Figs.
4, 3. The cells of the noncornified siratified squamous
layer of this lesion retained a fairly organized pattern
of growth with respect to the basement membrane,

e e " |

»

Fig 6. Conjunctiva; green turtle, Conjuneiival tumoer
obliterates the conjunctival sac {space around tumor), HE,
Bar = 300 pm.

Fig 7. Comen; green turthe. Clear arcas surround ho-
maogeneous, amphophilic epithelial nucler, HE, Bar = 50 wm.

with only scattered foci of gentle swirling of some lay-
ers. The endophytic nodules often had cavitated cen-
ters filled with ghostlike remnants of sloughed epithe-
lial cells (Fig. 5). This lesion was also invasive of the
cornea and sclera, causing obliteration of the corneal
stroma and Descemet's membrane. Pronounced ede-
ma of the epithelium was noticed in some of the corneal
sections. The size of individual epithelial cells in areas
of epithelial hyperplasia vaned from small cells with
hvperchromatic nuclei to cells that were three times
the normal size, These enlarged epithelial cells had
large, homogeneous, amphophilic nuclei, often sur-
rounded by a clear zone (Fig. 7). Epithelial necrosis
with occasional ballooning degeneration of the cells of
the wing cell layer occurred in some lesions.

Fibroblasts within the stromal component of the
masses were haphazardly arranged. but appeared 1o be
more dense near the basement membrane of the epi-
thelium. They had poorly defined borders, plump, oval-
to-clongated nuclet with basophilic-to-vesicular chro-
matin, and prominent single to occasionally multiple
nucleoli. Many capillaries lined by promincnt endo-
thelial cells were present throughoul the stroma. A few
capillaries in some lesions contained single trematode
eggs with a morphology consistent with that of the
spirorchid trematode, Laeredius laeredii. The stroma
was often moderately to heavily pigmented due to the
presence of numerous melanin-containing melano-
phores, Pigmentation of epithelial lavers was absent.
Moderate numbers of lymphocytes and plasma cells
were found subconjunctivally in some sections. In-
flammatory cells were nol conspicuous near the cpi-
thelial cell layers.

Discussion

The term fibropapilloma comes from the papillary
pattern (proliferating epithelial cells on thin fibrovas-
cular stalks) of the early lesions and the prominence
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of the fibrous dermal connective tissue* Culaneous
fibropapillomas have been reported in reptiles, birds,
and a wide variety of mammals.'® Although papillo-
mavirus is a common cause of cutaneous fibropapil-
lomas in mammals and has been reported in three
specics of birds,” members of this group of viruses have
nod been identified in green turiles with Abropapillo-
matosis. ™ Evidence of herpesviruses have been re-
ported in cutaneous fibropapillomas of such diverse
species as African elephants,* European green lizards,'
and recenily in two cases of GTF,? but their role in the
pathogenesis of cutancous or ocular GTF is not clear.
In green turtles with cutaneous fibropapillomas in-
fected with herpesvirus, it may be that the virus has
simply colonized a preexisiing (umor,

Intranuclear inclusions in hyperplastic and hyvper-
trophied epithefial cells of proliferative cutaneous pap-
illomas in African elephants were similar morpholog-
ically to those seen with herpesviruses; attempts to
demonstrate papillomavirus involvementl gave nega-
tive results.® Although predominantly localized to the
clephant’s trunks, eyvelid papillomas were noticed.*

In deer, Abromas found around the eves may inter-
fore with vision.* Local tissue infiltration or metastasis
is infrequently found with these fibromas, although
spreading 1o visceral organs has been reported and has
been interpreted as representing multiple sites of attack
by the causative agent rather than true metastases®
Viruslike particles have been observed in ephithelial
cells from deer fibromas, The mode of natural trans-
mission is not known in deer, but papillomatosis in
cattle may represent a deficiency of cell mediated imi-
munity.* Similar to deer fibroma, GTF may commonly
involve the periorbital tissues and the globe itself, As
in deer, ocular GTF may interfere with vision and thus
limit the animal’s ability to feed, In contrast to decr,
it is not uncommon to find visceral nodules in turtles
with cutaneous or ocular GTFE. GTF may be multi-
centric in development, rather than a metastasis from
a primary site, There 15 no evidence of vascular in-
vasion or 3 high mitotic index in cutaneous GTF.?

The histologic appearance of cutaneous GTF vanes
with what has been interpreted as earlv lesions dis-
playing a more proliferative, papillary, arborizing ep-
ithelial pattern, to those with a less verrucous surface
and a more prominent Gbrovascular stromal compo-
nent,* These differences mav be due to the time of
onsel, stage of tumor regression, host immune status,
or presence of coinfection, or could be related to the
anatomical site of origin of the tumor.

The variation in histologic appearance noted in the
four turtle eyes between the sessile corneal lesions and
the pedunculated, arborizing conjunctival fibropapl-
lomas may simply indicate normal progression in GTF
maturation, or could be related to differences in ocular

Broaks, Ginn, Miller, Bramshn, and Jacobson
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microenvironments provided for tumaor or viral rep-
lication. Similar regional variation in histologic pattern
is found in humans with ocular papillomas. Conjunc-
tival papillomas in humans tend o be pedunculated
when they arise at the Iid margin, but sessile with a
broad base at the corneoscleral junction.! The prolif-
erative, limbal epithelial stem cell population, bio-
chemical differences in the epithehal extracellular
ground substances, variations in ocular immune re-
sponse, differences in corneal and conjunctival vas-
culamty, and ultrastructural variations may also play
a role in the development of specific forms of the tu-
mars,

Herpesvirus-like, eosmophilic imtranuclear inclu-
sions have been noted by light microscopy in epider-
mal cells of cutansous fibropapillomas of green turtles,
and the presence of herpesvirus has been confirmed by
transmission electron microscopy (TEM).? Such eosin-
ophilic intranuclear inclusions were not found by light
microscopy in acular GTF,

Adult spirorchid trematodes are commonly found
in the chambers of the heart and within the great ves-
scls of green turtles. Their eggs have been reported in
dermal blood vessels of GTF and were seen in one of
the eves we studied, bul may only represent incidenial
findings.*?

Oeular GTF presents a severe epizootiologic and
therapeutic problem for marine turtle biologists and
veterinarians working with these threatened animals,
This is a debilitating discase that seriously diminishes
this turtle species’ survivabilitv. Obstruction of vision
is known to deletericusly affect the ability to swim and
feed.™ Because the lumors are fast growing, prompl
surgical removal is recommended in cases with min-
imal systemic involvement? The deep posterior infil-
tration of the cornea by the tumors makes keratecto-
mies very difficult w accomplish successfully, Healing
of periorbital GTF is reported to be satisfactory.? Cry-
otherapy, radiation therapy, and laser photoablation
are other therapeutic options that might be beneficial
for ocular GTF.
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First Record from North America of the Piscicolid Leech,
Ozobranchis margoi, a Parasite of Marine Turtles

Bosarn W, Davies
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Dravies, B, W., anp C. G, Caamsian, 1974 First record from Morth America of the pis-

cicofid keech, Qzabranchir margod, & parasiie of marioe turtles.  J, Flsh. Res, Board
Cam, 31: 1104

Ozabranchns mumgol is recorded from MNoeth America for the firal time, as an ectoparasiie
of the marine turtles Chelomia mpdas mpdes, Caretia earedie caretia, Eretomochelys fmiricata
imbricmer, and Lepitvebelir kemipid, The pathology and reatmiit of the leech infesialion 2
described and the presumed disiribution of ibe species compared with that of Goebramciur
bramefriaing, the onfy specics of the penus peeviowsly seconded from Morth Amesiea.

Davies, B, W., ann C, G, Csparman, 1974, First record from Morth America of the pis-
cleolid leech, Crembramchus marged, & parasite of marise toriles, 1. Fish. Res, Board
Cam, 31: 104=104,

Les avteurs signalent pour la premigre fois en Amérigue du Mord Ozehranehur margod,
ectoparasibe des tortuea marines Ohelowia mpdas mpdas, Coreifa coretta carelffa, Eretomockelye
fvhricats fmbrizara et Lepidochelps bempil. Tls décrivent les manifestations pathalogiqoes
ot le traliement de Uinfestation par cedte sangewe, ef comparent ce gu'ils croient 8dre Ia
répartition da Mespioe aves celle d"Clzebramcfury bramefinfus, la seule espéce du genre déji

signnkds en Amérique du Mord,
Reocgived Joly 20, 1573

In April 1973 an infestation of leeches identified as
Ozobirancis margol wes discovered on the marine
triles i a pood at the Wometeo biami Seagquariom
(Flogida, 1T8A); the infestation was first noted when
the furiles continually attermpied to hauwl ool
Of the 25 specimens of O, margel examined in defail,
all appeared to be sexoally mature, with the anited
genital pores visible, They mnged in Jength from 18
to 25 mm in comparison with published records of
15-30 mm (Apathy 18900 and 17-26 mm [(Cordero
1929)., Orobrarchus branchisfuz BB muoch smaller,
runging in length from 5 to 11 mm {Ghosh et al.
1 .

g’El'ah}a pool contalning the infected turtles was cle-
cular {15 m in diameier), encircling an island, and
filled with filleered bay water pumped in at a high
turnover rate. There appeared to be no
by O, margod as to host species/ all 85 turtles #n the
pool being infected, The host species were mostly
Atlantic green turtles (Chelompla wipdes mydes) and
Atlantic loggechead turtles {Caretta caretta carelfal,
the others being several Atlantic hawksbill turiles

Printed in Canada (S0}

(Ergtomochelys imbricatn fmbricara) and  Adlant)
Ridbey turtles {Lepidockelys Eempil). The Iarge
toggerhead turtles were the most heavily infectec
Howewer, ©. merged was not found on variou
species of local terrestrial turilés on the Bland or o
various mimbers of small lemon sharks, nurse shartiks
tarpons, southern stingrays, assorted Atlantic res
fishes (parrotfish, black durgons, trunkfish), am
spiny lobstars, An adjacent pool also confaining
the same species of turtles and on the same wale
supply, cwcept that the dircction of water flow wa:
towards the affected pool, bes not harbored O
margol

On all species of turtles, Ozobranelus marge
was always found on the wentral surface of the
fippers, the neck, the external cloaca) and the
comers of the mouth, and in the folds of the sofi
tissue batween the carapace and the plasiron (Fig:
). Mo lesches were found on the carmpace. The
nambers found on individoal turtbes varied greatly
but in moeny cases B00-900 were estimated. Large
clurmps of eggs covered by a chitinows membrane
were also commonly obssrved altached to the
plastron (Fig. 2).



Fra. 3. Lesions ab the sites of attachment of Qzobramckur owvged on the plastron of
orelia,

Duvees == J. Fish. Res, Board Cwan.
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The oaly pathology observed was the excuvation
and destruction of the plastron at the sites of attach-
ment. (Fig, 3, There were no signs of the fibro-
epithelial fumors obzerved by Migrelli and Smith
(1543} and Hendricksoun {1958) at the sites of attach-
ment of Q. bramckiotns on Chelowic mpdos. All
the specimens of 0. margel examined had blood
in their guts; samples af this blood and Blood taken
directly from turtles were examined unsucoessfully
far the presence of blood parasites,

Treatment was attempted in two ways. Firstly,
10%; formalin was applied directly to the keches
and ©fg masses of -beached turtles) which ware
subsequently kept out of the water for at least 3 hr,
This treatment was oot highly effective, Sscondly,
copper sulphate wes added to the pool throush
the inket pipe and a.0.3 ppai concentration main-
taingd in the pool (monitored with & spectro-
photometric method) for 6 hr. This procedure was
repeated twice, 7 days apart, and both the lesches
and their cge clomps were climinated from the
turtles. Three months after treatment, 0. margoi
was again found in Jow numbers on most furtles.

Of the 86 infected turtles three died: one large
loggerhead, althouph no fnternal lesions were dis-
covered; and two Ridleys, the day after the comple-
tion of the copper sulphate treatment, whether as
it result of the infestation or of the treatment being
unkngwn, -

The genus Ozsbramchus de Cuatrefages, 1852,
is represented by six species, all of which are pri-
marily ectoparasites of chelonids:: The only species
previously recorded from Morth America, Ozoe

“—branchns branchiatus (Menzies 1791), was collected

from Chelomia myrdas (Linn.) from Key West Florida
{MacCallum and MacCallum 1918) and from the
west coast of Florida (Migrelli and Smith 1943),
Dzalranchisus branchiots has also been recorded

from the Pacific Ocean between the tropics (Menzies™

1791}, Australin (Baird 1869), Japan (Oka 1910),
Sumatra (Hendrickson 1958), India (Ghosh et al.
1963), and the Malay Peninsula and Sarawak (de
Bilva and Fernando 1965),

" Ozobranchus margol (Apathy 18%0) was originally
described from specimens collected from Thalas-
sochelys earticats cought in the Bay of Maples
{Mediterrancan), the location from which Selensky
{1915} described the species. Oka (1927} recorded
it a3 an ectoparasite of both a dolphin (Defphins
fongiroatrs) and the marine turthe Chretta alfvgesa
(= Lapidochelys olivacen Bacholiz) off the coast of
Kyushu (Japan), Cordero (1929) recorded O, marpod
as an ectoparasite of Thallassockelys coretra (=
Caretta carefta carette Linn) off the coast of
Montevideo (Uruguay), and Richardson (1969)
recorded it on Chelonte mydas from Heron Tsland,
Adsiralia,
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Though &, margol and O, bramchiatus are now
clearly distinguished on the basis of five and seven
paifs, respectively, of digitiform branching branchi-

Libg, some confusion has occurred In the past. Menzies
U791, in describlng Hirwdo branchiata {=0sz0-
brawchiatus) as having “a row of soft
pellucid branchy bristles on each side, oppoaite fo
one another, making in all seven pairs,” showed only
five pairs of branchiae in his {llustration of (he
specics. Oka, in 1910, described ©. brawchiafus
“In Japan as having cither five or seven pairs of
branchiae, and in 1912 he recorded only O, braneh-
iatns in Japan while clearly distinguishing between
€, bramchitns, O, margod, and O, fonrsesrus Oka
192; vet, in 1927, he recorded o, margel for the
first and oaly time from Japan. The paveity of
distributional data combined with this possible
confusion between . brarchizre and O,
makes speculation on the distributional patterns ;
for both apecies teneous, Since many of the green
turtles in the Wometco Seaquarium were captured
on Ascension Island in 1970 while all the other
species were canght locally, it is not possible to
know whether @, margol occurs naturally in Florida
waters o B a recent_introduction. Evidence from
the distribution of Q. Bramehiafur and the more
limited distributional evidence for 0. margod would
Incicite that O, margol might be expected in all
warm waler arens in the distribution of the host
speches,

APATHY, Br. 1890, Prendobranchellion margol (Mova
familin  Hirudinearum), Orvos-Termeszettudomany
Eresiio 15; 1X2-137,

Bamn, W, 1869 Description of sorme new suctoral
annelides in the collection of the British Mussum,

< Proc, Fool, Sec. London § 310-318.

Conroero, E-H, 1929, Moies sur les  Hizudinées
L. Quelgues observations sur In e pholagie sxterms
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T: 209-217,

Cus, 1. M, P, Jofeson, anp C. K. G, Navar, 1063,
O the occurrence of the lech Orobranchis branchia-
fay (Menzies, 1971) (Hirodines) dn Indis (Gulf of
Kufch). J. Bombay Mal Hist. Soc. 602 R60-4T],

Henomscxsow, J. B 1958, The Green Sen Turthe,
Chelowin, mydas (Linne) in Malayn and Sarawak.
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don 1: 187188,
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Cutaneous Fibropapillomas of Green Turtles
| Chelonia mydas)
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Summary

Six juvenile green turtles (Chelonia mydas) from the Indian River Lagoon
System, Florida, U.5.A., with multiple cutancous fibropapillomas, were kept
in isolation and examined over a 6-month perio£a istologically, the
fibropapillomas consisted of a slightly to moderately hyperplastic epidermis
overlying a thickened hypercellular dermis. In the earliest lesions, ballooning
degencration was present predominantly in the stratum basale where rete
ridges extended into the dermis; aggregates of mixed inflammatory cells were
present around dermal vessels. As the lesions matured, they developed an
arborizing, papillary pattern. More mature lesions had a less verrucous, often
ulcerated surface, with the dermis composed primarily of large collagenous
fascicles and relatively few fibroblasts. While numerous trematode eggs were
resent within dermal capillaries of a histologically similar biopsy specimen
rom an Hawaiian green turtle, no trematode eggs were observed in any of 28
biopsies examined from the six Florida green turtles in this study. Low
stringency Southern blot hybridization and a reverse Southern blot failed to
demonstrate papillomavirus DNA in any of the samples extracted.
Ultrastructural  evaluation of the ecarliest lesions demonstrated
membrane-bound intracytoplasmic vacuoles within epidermal cells in the
stratum basale. Similar vacuoles were also observed in the epidermal
intercellular spaces and within the dermis. Occasionally, particles with
electron-dense centres and measuring 155 to 190 nm were observed in these
vacuoles.

Introduction

Papillomas, fibromas, and fibropapillomas were first described in captured
adult green turtles (Chelonta mydas) 50 vears ago (Lucke, 1938; Smith and
Coates, 1938). Papillomas were distributed over the dorsal cervical region,
axillary regions of the hindlegs, eyelids and conjunctivae. These lesions ranged
from papillary projections of hyperplastic keratinized epithelium supported by
a fibrous core to smooth round fibrous tumours composed of dense connective
tissue covered by thickened epithelium. In 1980, papillomatosis was studied by
one of us (ERJ) in a breeding group of green turtles raised in mariculture at
Cayman Turtle Farm, Grand Cayman, British West Indies. The history
suggested an infectious aetiology. The papillomas were first noted in adults

()2 | -9975/89/010039 + 14 303.00/0 ) 1989 Academic Press Limited
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caught in the wild and. over a period of several vears. developed in tarm-
reared turtles previously free of gross lesions.

Recently, an epizootc of papillomatosis was identified by one ol us | LME]
in juvenile green turtles from the Indian River Lagoon System of east central
coastal Florida. U.5.A. Before 1982, although hundreds of green turtles were
captured in this area, no papillomatous turtles were observed. A single
papillomatous green turtle was captured in 1982, and from Novermnber 12 1985
to June 11 1986, 3070l 53 wrtles (57 per cent) captured in this study area were
affected with the disease {Ehrhart, unpublished data).

Similarly, an increasing number of green turtles with papillomas have been
reported from the Hawaiian Islands (Balazs, pers. comm. ). In 1985 and 1986,
tumours were present in 35 per cent of all stranded turtles recovered.

The purpose of this study was to define the pathological leatures of these
tumours and attempt to identify and characterize an aetiological agent,

Materials and Methods

(sreen Turiles

Six juvenile green turtles, weighing 52 to 92 kg and with mulple cutaneous and
vonjunctival papillomas, were collected in the Indian River Lagoon System. Indian
River County, Florida, U.S.A. and transported 1o Sea World of Florida, Orlando,
Florida for the duration of the -month study. The wurtles were housed in an outdoor
cement pool measuring 35" % 12' % 41" deep and conining approximately 13 300
gallons of sea water, Water temperature ranged between 19°C and 26°C. Al wurtles
were fed a mixture of fish and marine invertebrates including smelt. herring, bluefish.
krill, squid and clam throughout the study period.

Microscopic Evalualions

Following arrival, each turtle was sedated with an intramuscular injection of ketamine
hvdrochloride (25 mg per kg body weight) and four full skin-thickness biopsies were
collected from four different lesions per turtle; two biopsies of normal appearing skin
were also collected from cach turtle. Each biopsy specimen of a fibropaplloma was
divided into rtwo pieces; one was fixed in neutral butfered 10 per cent formalin for ligh
microscopic evaluation and the other was fixed in a modified 4 per cent formalin and |
per cent glutaraldehvde (FG) mixture for electron microscopic evaluation. One biopsy
specimen of the smallest recogmized lesion was fixed in 3 per cent glutaraldehyde for
electron microscopic evaluation.

Two months after arrival. several large Abropapillomas were surgically removed
from the right conjunctiva, periocular skin and right inguinal soft tissue area between
the right marginal bridge and right hindleg of one green turtle. A second turtle had
lesions removed from the intermandibular area. the right foreleg axillary solt tssue
adjacent to the costal scutes, and the right hindleg inguinal soft tissue adjacent to the

lastron. Sections of tissues from all lesions were fixed in neutral buffered formalin for
ight microscopy and in FG lor electron microscopy.

Sections of an FG-fixed fibropapilloma from a stranded green turtle in Hawain were
received and evaluated by both light and electron microscopy.

For light microscopy, fixed lesions and normal green turte skin were embedded in
paraffin wax, sectioned 6-pm thick and stained with hacmatoxylin and eosin (HE'.
Paraffin-embedded sections G-pm thick were also examined for papillomavirus
group-specific structural antigens, by the peroxidasc-antiperoxidase technique
|Sundberg, Junge and Lancaster, 1984). Cutaneous fibromas from two mule deer were
used as papillomavirus-positive controls, Normal rabbit serum was substituted for the
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primarv rabbit antiserum as a negatve control. A lormalin-hxed biopsy specimen of
the smallest recognized lesion was embedded in 7-5 per cent gelann, sectioned 4-pm
thick in a ervostat and stained with periodic acid-Schiff (PAS) and oil red 0.

For electron microscopy, lesions fixed in cither FG or 3 per cent glutaraldehvde were
post-fixed in 1 per cent osmium tetroxide and embedded in an epon/araldite mixture.
Thick (| pm; sections were stained with toluidine blue and examined with a light
microscope. Ultrathin sections were placed on copper grids., stained with uranyl
acetate and lead citrate, and examined with a transmission electron microscope.

Tests for Eprsomal Papillomavirus DN A

Several portons of lesions from each of six green turtles with fbropapillomas were
minced hnely and homogenized in 300 pl of neutral buffered saline solution containing
10 mu EDTA. Sodium dodecy] subphate was added to make a final concentration of
-7 per cent. The homogenate was digested with | pg of protease per ml for 3 b at 56°C.
Undigested material was removed by low-speed centrifugation (10000 x g).
Supernates were extracted twice with equal volumes of phenol—chloroform (1 1o 1)
and once with chloroform alone. The DNA was precipitated with 2-3 volumes of
ethanol in the presence of 0-3 M sodium acetate at — 20°C for 8 h. The precipitate was
recovered by centrifugation at 12000 x g for 20 min, dried, and dissolved in 10 mu
Tris-HCI {pH 8:0) and | mm EDTA buffer containing 20 ug of ribonuclease A per mil.
After 1 h at 37°C, the DNA was reprecipitated with ethanol.

Ten pg of each DNA sample were electrophoresed on | per cent agarose gel along
with a bovine papillomavirus type 2 control. The gel was transilluminated with
ultraviolet light after staining with ethidium bromide. Subsequently, the
electrophoresed DNA samples were translerred o a Genescreen membrane by the
manufacturer's modification of the method described by Southern (1973). A control
consisting of bovine papillomavirus type 2 DNA was electrophoresed on the same
filter. The filter was prehybridized overnight at 42°C in a solution consisting of 20 per
cent deionized formamide, | v NaCl, 10 mum Tris, 10 mm EDTA, Denhardt’s solution
((+] per cent ficoll, 0-1 per cent polyvinylpyrrolidone and 01 per cent bovine serum
albumin}, with sonicated and denatured salmon sperm DNA (100 ug per ml). On the
following day, 7 % 10° counts per min of a ¥P nick-translated bovine papillomavirus
type 2 virion DNA probe (specific activity=3X 107 cpm per pg) was added and
allowed to hybridize for 70 h at 42°C. The hlter was washed in 3 % 0:45 m NaCl and
0-045 M sodium citrate and 0-1 per cent sodium dodecyl sulphate at 52°C, air-dried and
exposed to X-ray film for 7 days.

Next, a reverse Southern blot was done in which 0-2 pg of the total DNA of samples
from green turtles 2 and 3 was radiolabelled and allowed to hybridize under conditions
of low stringency (25 per cent formamide) with blots that contained 25 different cloned
papillomaviruses digested from their respective vectors (O'Banion, Sundberg, Reszka,
and Reichmann, 1987). The cloned viral genomes included all six of the known bovine
papillomaviruses, seven of the human papillomaviruses, and dog, rabbit, coyote,
mouse, rat and parrot papillomavirus DNA.

Results
Morphological Appearance

Fibropapillomas ranged from 0-5cm in diameter up to a size of
11 % 85 % 65 cm. Fibropapillomas involved all soft integumentary tissue, but
were particularly numerous in the axillary and inguinal soft tissue adjacent to
both forelegs and hindlegs (Fig. 1). Fibropapillomas also commonly involved
the conjunctivae. Occasionally, fibropapillomas grew from the suture lines
between adjacent scutes.
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The smallest recognizable lesions were slightly - 1sed. light-brown in colour,
oblong in shape and had a rough surface. As lesions increased in size, the
surface became verrucose. Advanced, more mature lesions were rounded with
a less verrucous, often ulcerated surface. Fibropapillomas projecting from the
conjunctivae were often darkly pigmented. In two cases, fibropapillomas had
completely obscured vision in the affected eye (Fig. 2).

Four months after arrival, all turtles had gained weight (range: 59 to 10 kg)
and increased in size (plastronal length 30-7 o 38:5 cm). While some fibropa-
pillomas in most turtles had decreased, manv had slowly increased in size. In
one turtle, a conjunctival fibropapilloma had increased to a size where normal
swimming and feeding were affected. This turtle was anaesthetized and the
periorbital fibropapilloma was removed. Three other sea turtles were anaesthe-
tized and selected fibropapillomas were removed.

Two months after surgery, surgical sites either showed good epithelization
and scar formartion or had become infected and were ulcerated, Three months
after surgery, all surgical sites had partally or completely healed.

One turtle became extremely debilitated and was killed 5 months after
arrival. No postmortem examination was performed.

Light Microscopic and Electron Microscopic Findings

Histologically, normal green turtle skin from the foreleg axillary soft tissue had
a relatively thin epidermis composed of stratified squamous epithelial cells,
ranging from four to seven cells in thickness. Epithelial cells were flattened at
the surface, their nuclei became pyknotic and were lost and the cells were
covered by a layer of “keratin-like™ material which was approximately one-
half to two-thirds the thickness of the cellular layer (Fig. 3}. In several sections
the surface had a “%piked™ pattern, although in most sections examined, the
surface was relatively smooth.

In normal skin, the epidermis was separated from the dermis by a basement
membrane, adjacent to which the dermis was organized into a thin layer
corresponding to the papillary layer of mammals (Fig. 3). For the most part,
the junction between the basement membrane and dermal papillary layer was
smooth, although occasional papillary projections into the epidermis were seen.
The papillary laver consisted of thin collagenous bundles, small mononuclear
cells, small blood vessels and chromatophores. The chromatophores extended
into the subjacent reticular layer. Below the papillary layer, the reticular laver
consisted of large collagenous bundles and fibroblasis, with blood vessels
scattered throughourt,

The cutaneous lesions of affected turtles were diagnosed as fibropapillomas
because of the papillary proliferation of the epidermis on broad fibrovascular
stalks (Fig. 4). In what was interpreted as the earliest lesion, the epidermis was

Fig. |. Twao large verrucous fibropapillomas in the soft tissue area adjacent to the right hindleg ol 2 green
wurie,

Fig. 2. Large verrucous fibropapillomas in the intermandibular area and covering the globe of the right
eye of a green turile.
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hvperplastic, with rete ridges extending into the dermis. Mululocal areas of
ballooning degeneration were seen in the stratum basale ' Fig, 5. The papllary
laver of the dermis consisted of numerous fibroblasts and compact bundles of
vollagen fibres: perivascular cuffs of lymphocyies and plasma cells were seen
throughout the dermis,

While some fibropapillomas showed no substantial increase in the thickness
of the stratum corneym. some were hvperkeratotic. In others, cleft formation
was observed between epidermal and dermal layers. The epidermis was slightly
o moderately hyperplastic, ranging from 7 to 15 cells thick. The conjunctival/
palpebral fibropapillomas ranged from 13 w 20 cells thick. In some sections,
epithelial cells within the stratum spinosum were hypertrophic with vacuolated
nuclei. In these areas, amphophilic intranuclear inclusions were occasionally
SUETLL

There seemed to be a progression from these proliferating, arborizing ecarly
wumours o those with a relatvely less verrucous surface, having a minimal o
moderate amount of folding and a more significant dermal component (Fig.
B,

Ultrastructurally, normal epidermis had a maturation pattern of basal cells
differentiating into a single cell tvpe. The stratum basale was a single cell layer
and was composed of columnar cells with irregular cytoplasmic and nuclear
outlines. The average size of cells in this layer was 4:5% 93 pm: the nuclei
measured 23 ¥ 3 pm. The cells were joined to each other and to the cells in the
overlving laver by desmosomes and to the basal lamina by hemidesmosomes.
The cvtoplasm of cells in the stratum basale had pronounced bundles of
tonofilaments. In the cytoplasm, lipid droplets (containing flocculent or
granular material}, scattered ribosomes, mitochondria and endoplasmic reticu-
lum were seen,

Above the basal cells was a laver | to 2 cells wide which corresponded to the
stratum spinosum of mammals, The average size of these cells was 5% 11 pm;
nuclei measured 4% 7 um. The more superficial cells in this layer were
Hattened, with their long axis oriented parallel to the epithelial surface.
Cumpared with the stratum basale, there were increased numbers of mitochon-
dria. endoplasmic reticulum, Golgi and ribosomes in the cytoplasm. but there
were fewer tonofilaments, The outermost cells of this layer had cytoplasmic
vesicular bodies and granules of various electron densities which measured
approximately 150 to 170 nm (Fig. 7).

Above the stratum spinosum was a layer of cells which had lost their nuclel.
These cells contained granules near the cell margins, or groups of granules
coalescing and being discharged into the extracellular space. Above this laver,
the cells of the stratum corneumn were flat, had a thick cell membrane, were
filled with electron-lucent material and had no subcellular organelles.

The epidermis of fibropapillomas was thrown ino multiple tolds associated
with proliferation of the dermal component. Dermal papillae projected
towards the surface of the epidermis. The epidermis was thicker than normal
epidermis and consisted of four to seven nucleated cell layers, several layers
containing nuclear remnants and a stratum corneum. Intercellular spaces were
larger than those ol normal epidermis. Compared with the normal stratum
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basale, there were increased numbers of mitochondria and endoplasmic
reticulum. The stratum spinosum was three to six cells thick and the cells were
pleomaorphic. There was hvpertrophy and hyvperplasia of the cells in this laver.
The subcellular organelles in these cells were more numerous than in the
corresponding layer of normal epidermis. Mitochondria, vesicular bodies,
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hvperplastic. with rewe ridges extending into the dermis. Multilocal areas ol
hallooning degeneraton were seen in thestratum basale : Fig, 5. The papillary
laver of the dermis consisted ol numerous fibroblasts and compact bundles ot
vollagen fibres; perivascular cuffs of lvmphocevtes and plasma cells were seen
throughout the dermis.

While some fibropapillomas showed no substantial increase in the thickness
of the stratum corneum, some were hyperkeratotic, In others, cleft formation
was observed between epidermal and dermal lavers, The epidermis was slightly
to moderately hyperplastic, ranging from 7 to 15 cells thick. The conjunctival/
palpebral fibropapillomas ranged lrom 13 to 20 cells thick. In some sections.
cpithelial cells within the stratum spinosum were hvpertrophic with vacuolated
nuclel. In these arcas. amphophilic intranuclear inclusions were occasionally
seen.

There seemed to be a progression from these proliferating, arborizing carly
tumours to those with a relatively less verrucous surface, having a minimal to
moderate amount of folding and a more significant dermal component |[Fig.
Bi.

Ultrastructurally, normal epidermis had a maturation pattern of basal cells
differentiating into a single cell type. The straturh basale was a single cell layer
and was composed of columnar cells with irregular cytoplasmic and nuclear
outlines. The average size of cells in this layer was 453 % 95 pm: the nucler
measured 2+3 % 5 pm. The cells were joined to each other and to the cells in the
overlving layer by desmosomes and to the basal lamina by hemidesmosomes.
The cvtoplasm of cells in the stratum basale had pronounced bundles of
tonofilaments. In the cytoplasm, lipid droplets (containing flocculent or
granular material), scattered ribosomes, mitochondria and endoplasmic reticu-
lum were seen.

Above the basal cells was a laver | to 2 cells wide which corresponded to the
stratum spinosum of mammals, The average size of these cells was 5% 11 pm:
nuclei measured 4% 7pum. The more superficial cells in this layer were
latened, with their long axis oriented parallel to the epithelial surface.
Compared with the stratum basale, there were increased numbers of mitochon-
dria. endoplasmic reticulum, Golgi and ribosomes in the cytoplasm. but there
were lewer tonofilaments. The outermost cells of this layer had cytoplasmic
vesicular bodies and granules of various electron densities which measured
approximately 150 wo 170 nm (Fig. 7).

Above the stratum spinosum was a layer of cells which had lost their nuelel.
These cells contained granules near the cell margins, or groups of granules
coalescing and being discharged into the extracellular space. Above this layer,
the cells of the stratum corneum were flat, had a thick cell membrane, were
filled with electron-lucent material and had no subcellular organelles.

The epidermis of [ibropapillomas was thrown into multiple fblds associated
with proliferation of the dermal component. Dermal papillac projected
towards the surface of the epidermis. The epidermis was thicker than normal
epidermis and consisted of four to seven nucleated cell lavers, several lavers
containing nuclear remnants and a stratum corneum. Intercellular spaces were
larger than those of normal epidermis. Compared with the normal stratum
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endoplasmic reticulum, Golgi bodies and ribosomes were abundant; nucleoli
were more prominent in a greater proportion of cells than in normal epidermis.
Granules with electron-dense cores were also present in the more superficial
cells of this layer.

As in normal skin, a well-defined basement membrane separated the dermis
from the epidermis. A narrow band of collagen fibrils and anchoring fibrils was
present. However, the superficial dermis was not arranged into loosely spaced
bundles as seen in the normal epidermis, but consisted of a thick matrix of
fibroblasts and collagen fibrils, both randomly arranged. The collagen bundles
were denser and more tightly packed and the fibroblasts were larger, more
pleomorphic and more numerous than in normal dermis. In deeper areas of the
dermis. there were clusters of cells around blood vessels; numerous lympho-
cytes, a few heterophils, plasma cells, and macrophages were observed.

In the earliest lesions, ballooning degeneration, as determined by light
microscopy, was found by electron microscopy to result from development of
membrane-bound vacuoles, which were located above and below the epider-
mal basement membrane and were filled with granular electron-dense
material. In the basal cell layer, vacuoles were both intracytoplasmic and
extracellular (Fig. 8); their size varied greatly and ranged from | to 11 pm.
Occasionally, vacuoles were seen just above the basal cell layer. In frozen
sections, vacuoles failed to stain with PAS or oil red 0.

In the dermis, vacuoles were also both intracytoplasmic and extracellular
and occurred mainly in the papillary layer directly below the basement
membrane (Fig. 9). Rarely, particles 155 to 190 nm in diameter with electron-
dense centres were observed within vacuoles (Fig. 10). The specific cells
affected could not be identified, Large vacuoles completely filled the cytoplasm
and at times it was difficult to determine whether vacuoles were intra- or
extracellular,

The biopsy specimen from an Hawaiian green turtle tumour was similar 1o
those of the green turtles from Florida except for one notable difference:
trematode eggs, having a distinct golden yellow capsule (with HE staining)
and consistent with eggs of members of the family Spirorchidae, were
commonly seen within dermal vessels of the fibropapilloma from the Hawaiian
green turtle. There was often a minimal to moderate inflammatory response
around these vessels consisting of small mononuclear cells and occasional giant
cells, Mo trematode eggs were seen in any of the biopsy specimens from the
Florida green turtles examined.

Histochemical and Molecular Findings

All fibropapillomas examined were negative for papillomavirus group-specific
antigens by the peroxidase-antiperoxidase technique.

Papillomavirus DNA could not be demonstrated in any of the six fibropapil-
lormas examined by ethidium bromide-stained gells or by low stnngency
Southern blot hvbridization, with a bovine papillomavirus type-2 DNA probe.
A reverse Southern blot against 25 different cloned papillomaviruses also failed
to demonstrate papillomavirus DNA in both samples examined.
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Discussion

The proliferative cutaneous lesions of the green turtles of the present report
were consistent with previously reported hbropapillomas of green turtles from
Florida [ Lucke. 1938; Smith and Coates, 1938). Morphologically, the lesions in
the trtles had some similarities to cutaneous fibromas of deer and fibropapil-
lomas of cattle. i.e., epithelial hyperplasia overlying marked dermal prolifera-
uon. However, koilocytotic atypia. a cytopathological feature of productive
papillomavirus infection in mammals (Koss and Durfee, 1956; Sundberg,
1987 . was not present in the green turtle fibropapillomas.

By light microscopy, with HE staining, hvpertrophic nuclei containing
amphophilic intranuclear inclusions were occasionally observed. These inclu-
sions superficially resembled intranuclear inclusions seen in grev patch disease
of green turtles. a skin disease caused by a herpesvirus (Rebell, Rywlin and
Haines, 1975). Herpesviruses have been incriminated in the pathogenesis of
papillomas in other animals including such diverse species as the European
green hizard, Lacerfa viridis (Ravnaud and Adrian, 1976} and Alrican cle-
phants. Loxedonta africana | Jacobson, Sundberg, Gaskin, Kollias, and ’Ba-
nion, 1986).

By clectron microscopy, structures corresponding to the amphophilic intra-
nuclear inclusions seen by light microscopy could not be identfied. The
composition of these structures remains unknown.

Intracvtoplasmic particles containing electron-dense cores were commonly
seen within the laver of cells between the stratum spinosum and stratum
corncum of both normal and abnormal epidermis. Superficially they resem-
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bled those of herpesvirus. However, these particles merged with larger granules
of various shapes, which coalesced at the cytoplasmic margins and were
released into the intercellular space. These particles and granules are similar in
electron microscopic appearance to those described for the normal skin of the
turtle, Preudemys sp. (Matoltsy and Huszar, 1972). These are considered to be
mucous granules which are released into the extracellular space and contribute
to the formation of the stratum corneum.

Ballooning degeneration was observed in the earliest lesions. Although this
was reported as a feature of genital papillomatosis in sperm whale bulls by
Lambertsen, Kohn, Sundberg and Buergelt (1987), the ballooning changes in
sperm whales were confined to the stratum intermedium and stratum spinosum
whereas, in the green turtle, changes were seen in the stratum basale.
Ultrastructurally, these cells contained membrane-bound vacuoles which
contained electron-dense flocculent material; vacuoles were also seen in the
epidermal intercellular spaces and in the cytoplasm of cells within the dermis.
These vacuoles failed to stain with PAS or oil red 0. Particles with electron-
dense cores and measuring 135 to 190 nm in diameter were rarely seen within
these vacuoles. Their regular size and morphology were suggestive of viral
particles. Vacuoles were never seen in what were interpreted as older papillary-
type lesions and their nature remains unknown.

Sarcoid, a common cutaneous neoplasm of horses believed to be caused by
bovine papillomavirus types 1 or 2 (Amimann, Muller and Sauer, 1980,
Lancaster, 1981; Trenfield, Spradbrow and Vanselow, 1983) has several
histopathological features in common with green wrtle fibropapilloma. Like
green turtle fibropapilloma, the epidermis 1s acanthotic, the bulk of the lesion
consisting of mesenchymal proliferation (Ragland, Keown and Spencer,
1970). However, the picket-fence pattern of fibroblasts at the junction of
epidermis and dermis characteristic of equine sarcoid was not seen in green
turtle ibropapilloma.

In many instances, papillomavirus infections may not be productive { Pfister,
1984}, and without specific probes, the viral genome may be impaossible 1o
identify. As an example, an integrated papillomavirus genome has been
identified in equine sarcoids by a labelled probe of bovine papillomavirus type
l {Amimann el al. 1980; Lancaster, 1981; Trenheld ¢ al. 1983). In the present
report, the inability of the cloned DNA probes to demonstrate the presence of
papillomavirus in green turtle Aibropapilloma may be the result of phylogenetic
divergence and lack of common DNA sequences between cloned mammalian
papillomaviruses and (if it exists) a green turtle papillomavirus, Since a
papillomavirus cloned from an African grey parrot hybridized to a minimal
degree with mammalian papillomaviruses at low stringency {O’Banion ef al.
1987), it would be expected that a turtle papillomavirus would also show
limited {if anv) hybridization. Thus, the involvement of papillomavirus in the
development of green turtle fibropapilloma cannot be discounted.

Green turtles are commonly infected with the spirorchid trematode Laeredius
{aeredei. The adult parasites are located in the chambers of the heart and within
the lumen of the great vessels |(Griner, Forrester and Jacobson, 1980). Since
trematode eggs have been seen within dermal vessels of hbropapillomas, their
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role in the pathogenesis of green turtle fibropapilloma has been questioned. It
is the experience of one of us (ERJ) that eggs, released into the vascular
compartment and a variety of extracardiac sites including lungs, viscera,
gastrointestinal tract and skin, often result in vasculitis and perivasculitis, with
vessels becoming obstructed. However, since Smith and Coates (1939) only
observed these ova in approximately half of the 250 tumours evaluated, they
believed that they were not of primary importance in the aetiology of the
disease. Although, in the present study, trematode eggs were identified in
biopsy specimens from an Hawaiian turtle, none were seen in multiple sections
of 28 biopsies examined from six juvenile green turtles collected in the Indian
River Lagoon System. Thus, trematode eggs are most likely to be an incidental
hnding.

While some fibropapillomas in most turtles decreased in size over the period
of evaluation, many slowly increased in size. Ulceration, due to abrasion, was
commaon in the largest lesions. Fibropapillomas which involved the conjunctiva
and palpebra grew rapidly and obscured the vision of the affected turtles. This
was similar to fibromas reported for white tailed deer (Sundberg and Nielsen,
1981). Based upon these experiences with captive turtles, it is expected that
fibropapillomas ultimately can be life-threatening to {ree-ranging turtles either
by obscuring vision and thus affecting the ability to feed or by becoming large
enough to impair normal swimming.

In this study, several large fibropapillomas were surgically removed. Those
that had a wide excisional margin did not show any signs of recurrence by 2
months after surgery and in many instances showed complete healing., For
captive green turtles with fibropapillomas, surgical removal should be per-
formed as soon as possible,

T'he occurrence of fibropapillomas in dysjunct populations of green turtles,
and the increased numbers of affected turtles within the Indian River Lagoon
System of east central Florida suggests an infectious aetiology. On a compara-
tive basis, a viral agent seems most likely. As with many viral-associated
neoplasms of mammals and birds, cell cultures of green turtle fibropapilloma
may be necessary to determine whether a virus is involved in the pathogenesis
of this discase, Transmission studies would also be necessary to demonstrate a
causal relationship between an isolated agent and green turtle fibropapilloma.
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ANALYSIS OF A FIBROPAPILLOMA OUTBREAK IN CAPTIVITY

Wayne Hoffman

Patrick Wells

Mational Audubon Society/Save-a-Turtle of the Flonda Keys, 115 indian Mound Trail, Tavamier, FL 33070
USA

In mid-September 1986 two facilities in the Florida Keys received hatchling green sea turtles (Chelonia
mydas) from Hutchinson Island, Florida. One facility was a pan {approximately 4 by 2 by 1.5 maters deep)
built under the dock at Lignum Vitas Key State Botanical Site specifically for headstart turtles. Thesa were
the only turtles housed at this site, and the pen design ensured constant flushing with very clean
seawater. The second facility was Theater-oi-the-Sea, a tourist attraction on Windley Key, approximately 7
km northeast of Lignum Vitae Key. Theater-of-the-Sea cooperates in the sea turtle stranding network,
housing sick and injured turtles. The facility has an array of pools excavated In the fossil coral bedrock of
the island. Sea water flows into the facility through an excavated trench from a nearby marina and through
3 cubvert under 8 road. A pair of pumps lift 12 million gallons per day one 1o fwo meters into a higher irench.
From there it flows by gravity throughout their pool system. The pool system includes a series of eight
small pools used for displaying sea ie, then a much larger pool housing several dolphins. The upstream
display pool contains two female California sea lions. The second display pool, immediately downsiream
af the sea lion pool, houses a variety of fish, including several sharks, and at one time housed a large
green sea turle. This turtle developed fibropapillomas after at least several years in caplivity, apparently
without ever coming into direct contact with other green sea turtles. The third, fourth, fifth, and sixth
housed fish and a few rehabilitating and permanently captive sea turtles. The fourth contained a fenced
*hospital” enclosure in the mid-1880s that was used tor rehabilitating injured and il rtles, including
turtles with fibropapilloma, The seventh housas rays, and the eighth. nurse sharks. The large dolphin
pool is at the downstream end of the system. No surtace outlet exists, and water returns to the
surrounding ocean through the highly porous fossil coral. Water quality in the system is surprisingly high,
but some nutrfication may be occurring in the source marnna.

The Lignum Vitae Key facility received 35 hatchling green sea turlles on 17 September 1986, and at
about the same time, Theater of-the-Sea received 24. All 35 turtles at Lignum Vitae prospered, and in the
course of a year, outgrew their pen. At Theater-of-ihe-Sea, the lurtles were placed in a floating pen in the
hospital enclosure in pool four. Survival was poor, but none developed visible papillomas, On 11 August
1987 thae 35 turties from Lignum Vitae were transterred 1o Theater-of-the-Sea for the second year of their
life. After a briet period in the floating pen in the hospital enclosure, all the headstar furties were
transterred 1o a pen opening Into the second pool, just downstream of the sea lions. A total of 30 of the
turtles, including 24 from the Lignum Vitae batch, survived the second year ol captivity. In June 1988,
approximately ten months after the transter from Lignum Vitae, small fibropapillomas were noticed on
some of the turtles. By July all 30 surviving turties had developed fibropapillomas. Blood samples were
taken from all 30 turties in July 1988 for sex determination. Four turties were transterred o the Housa of
Refuge for examination of the papillomas, and on 15 September 1988 were released into the Indian River
Lagoon. The remaining 26 were released on 6 August 1988 at Sombrero beach, Marathon.

At the time of release, papillomas were growing around the eyes, on the flippers, and elsewhare on the

skin. They were panicularly prevalent on the perforations in the flippers caused by tagging. At the time of
release most papillomas were @ss than 2 cm in diameter.
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This incident provides some insight into the epidemiology and eticlogy of fibropapilloma in green sea
turtles. i the turtles were all from the same clutch, ambryonic transmission from the mother is a possibility
to keep in mind. The most likely axplanation for the outbreak, however, Is that the as yet unidentified
infectious agent was introduced to Theater-of-the-Sea by one or more infected turtles brought into the
tacility for treatment and rehabllitation. It is our understanding that infected turtles may have been in direct
contact with the Theater-of-the-Sea headstart turties in the first yaar, and briefly with the Lignum Vitae
turties in August 1987. Subsequently, all the headstart turtles were maintained in isolation, upstream from
the "hospital.” This location, however, is contiguous to the pool formerly occupied by the large green sea
turtle that contacted fibropapiliomna in relative isolation.

The infectious agent could possibly have been transmitted by serial contact with employess of the facility
during feeding or other care, but no direct evidence for such iransmission is available. The agent also

1887. If s0, the infection would havé remained latent for about ning manths. The turtles initially housed at
Theater-of-the-Sea could have become infected prior 1o August 1987, and subsequently infected the
Lignum Vitae turtles, in turh. If this happened, the latency periods for the two groups must have been
very different (or the turtles were infectious long betore showing symptoms). Such diffarent latency
periods are unlikely unless turtles are not competent to develop fibropapillomas until a certain
developmental stage (reached in this case at age 21 maonths).

Atematively, marine leeches (Ozybranchus sp.) present in the facility could have acted as vectors. These
leeches commonly are found on green sea turtles with fibropapilloma, and often attach directly to the
papiliomas. H is our personal opinion that transmission by leeches is the most likely mode of infection. We
think transmission by leeches best explains the infection of the large turtle in pool two, although we
cannot rule out the possibility of unrecorded direct contact, Wa are alse unsure that these leeches are
capable of travelling upstream from pool to pool. although such travel by creeping aleng the pool walls
seems plausible. During a recent visit, the water flow between pools two and three was timed at one-third
10 one-hall meter par second.

We believe that this incident demonstrates a need to develop protocols for the handling and housing of
green sea turtles with fibropapilloma. We would suggest the following:

1) Until transmission is better understood infected turtles should be maintained at some level of
quarantine from apparently uninfected turtles. At a minimum, turtles with fibropapilloma should be
physically segregated from noninfected turtles, and facilities used to hold infected turtles should be
disintected, if possible, before re-use.

2) We also recommend controlling leech populations in holding facilities, and removing leechas from
rtles recovered from the wild,

3) Housing infected turties in separate sea-water systems from uninfected ones would be preferrad,
whare possible. Where possible, treating papilloma turties in separate facilities from other turties is
advisable.

4) Until the mode of transmission is better understood, the releasa of turtles with a history of papillema into
the wild may be unwise. Green turlles at the Cayman Islands turtle farm have survived libropapilloma
infections and presumably have becoma non-infectious. The same likely would be true of rehabilitated
turtles, once tumor growth ceasaed, but this issue needs 1o be tested.

aT




5) In any case, we strongly recommend that turtles with young, growing papillomas not be raleased in the
future, and in particular, not be transported to ba released away from the region where the infection

occurrad,
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Herpesvirus in cutaneous fibropapillomas of the
green turtle Chelonia mydas

Elliott R. Jacobson!, Clays Buergeit', Bruce Williams?, Richard K. Harris?

! College of Velerinary Medicine, Unliversity of Florida, Gainesville, Florida 32610, USa
? Deparlment of Veterinary Pathology, Armed Forces Institute of Pathology, Washinglon, D,C. 20306, USA

cytoplasm, Based upen morphology, size. and locatiogn the particles werg compatible with those of the
family Herpetaviridae,

INTRODUCTION not be determined. Moleeylar studies using cloned

mammalian papillemavirus probes failed to identify
members of this group of viruses in GTF. While spiror-
chid trematode w95 are commonly observed within
dermal capillaries (Smith & Coates 18939}, tumors with-
oul eggs have also been observed and the role of these
parasites in the development of GTE has been ques.
tioned (Jacobson et al, 1989). The eticlogy of GTF
remaing unknown,

Thiz paper prosents preliminary evidence of herpes-
virus involvement in GTE,

relatively few types of tumars have been
d in chelonians |Jacobson 1981}, fibropapil-
are commonly encountered in fras ranging
turtles Chelonia mydas [Jacobson

Ke 1938, Smith & Coates 1938) and almest S0 vr
Ber from green turtles in Hawail (Balazs 1986). Based
A anecdotal reports of fishermen, GTF was seen
Mnd 1900 in Florida [Ehrhart pers. comm.) and in
3 in Hawaii (Balazs pers, eomm.}. One of us (BB
been informed by sea turtle biologists that GTE
Been in near-shore sites in: Puerto Bles, Caya
Tslands, Virgin Islands. Barbados, Venezuels
Amb:a, Panama, Belize, and Avstralia. Ower the
10¥T there has been an increased Incidence of

METHODS AND MATERIALS

Two juvenile qmreen turtles Chelonia mydas, found in
a debilitated condition in the vicinity of Key Wast, =
Florida, USA, wers ransported by air to the Veterinary
in the Indjan River Lageon System of sast ceniral Medical Teaching Hospital, University of Florida,
A2 (Jacobson et &), 1989) and Hawaii (Balazs pErS, Gainesville, Florida, for clinical evaluation, Turtle
m. ).

Mo, 1 was estimated to be 3 to 47 old and weighed
bight- anqg electron-micrascopic eharacteristics of

B bave recently been described {Jacobson et al,

) The earliest lesions axhibited ballootting degen-
00 of basal epidermal cells, with intracytoplasmie
scasionally conlaining particles with elecs

W CEnters; the nature of these particles could

Sl Redoarch/Printad in Ciermany

8 ke, It was submilted with generalized cutaneous fib-
ropapillomatosis involving multifocal areas of the soft
integument, periocular tissues and comeas, The turtle
Was anesthetized with a tletamine/zolazepam combi-
nation [Telazol, A. H, Robbins, Richmond, VA, US4,
given intramuscularly at 15 mg kg™ body weight

IFLSI0 001 2o 4 .00
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Following anesthesia, the turtle was Intubated and
manually ventilated at & breaths min~'. Cryosurgery
was performed on 2 large tumors on the cervical inle-
gument and tumors on the comeas were removed by
keratectomy. Pollowing surgery, ventllation was con-
tinued until the turtle started lifting its head and mov-
ing its limbs. Howewer, at 10k following injection of
the anesthetic agent, the turtle became wvisibly de-
pressed and apneic, and died 2 b later. Subsequently, it
was submitted for necropsy. Three cutaneous fibros
papillomas and multiple visceral tissues were fixed in
neutral buffered 10" formalin, embedded in paraffin,
sectioned at 6 ym, and stained with hemeatoxylin and
eosin (H & E).

Turtle Mo, 2 was estimaied fo be 3 to 4 vr old and
waighed 11 kg, It also had genseralized cutaneous
fibropapillomatosis invelving both the soft and hard
integument, periceular Hssues, and comeas. The turtle
was anesthetized with  ketamine hydrochloride
|Ketaset. Aveco, Fort Dodge, 1A, USA), given
intramuscularty at 15 kg kg™’ bedv weight, Once
immobilized, it was intubated and administered an
isoflurane [Forane, Anagquest, Madison, WI, USA) in
oxygen mixture. Fourteen fibropapillomas were surgi-
cally removed and bisected. Hall of each tumor was
placed in newtral betfesed 10% [ormalin, embedded
in paraffin, sectioned al 6 pm and stained with H& E.
The corresponding half of each tumor was placed indi-
vidually in a plastic bag and frozen in an ultra-freezer
at =70°C. Following surgery, the turtle recovered
without any complications. Three weeks later the tur-
He was again anesthetized and, wtilizing a laser
technique, 2 broad-based {ibropapillomas were

removed from the pericloacal region, Although the
turtle recovered from anesthesia, it became anoresic

and died 3wk later. A necropsy was performed and
multiple tissues were fixed in neutral buffered 10%
[armalin, embedded in parallin, sectioned at 6 pm and
staimed with H&E,

A plece of formalin-fixed paraffin-embedded Hhro-
papilloma from Turtle No, 1 was removed from the
block, post-fixed in csmium tetroxide, and embedded
in effapoxy resin (Ernest F. Fullam, Inc,, Latham, NY,
USA). Thin section were stained with toluidine biue
and examined by light microscopy. Ultrathin sections
(B0 nm) were placed on copper grids, stained with
uranyl acetate and lead citrate, and examined with an
alectron micrascope.

RESULTS
Gross pathology

At necropsy, Turtle Mo. 1 had ca 300 ml of clear, dark
red Muid in the coslomic cavity. The gastrointestinal
serosa, the surfaces of the liver, spleen, kidney, peri-
cardium, and the faslcles of the skeletal muscle were
surrcunded by edema fluid. Trematode eggs were ab-
served on lght microscopic examination of a fecal
sample.

The coelomic cavity of Turtle Mo, 2 contained a small
amount of clear fluld. The surface of the right kidney had
a few small discrete white, firm foci, which extended into
the inner cortax; the largest focus was 1 mum in diameter,
The left kidney contained emuwlliple, white, discrete
masses |1 to 4 cm in diameter). These masses extended
from the cortex into the medulla and altered the shape of
the kideey. Both lungs contained small (1 to 2 cm in
diametarh white, firm masses in the parenchyma.

Fig. 1. Chelonia mydas. Histobogic
section of a cutaneous :I'|'I:|n:|pap|_'|-
lpma of a green turtle, The fibro-
papilloma consmsts of a h'r'pE'T-
plastic  epidermiz  owerlying a
thickensed dermis compesad of
profiferating lbroblasts and abun-
dant looasly arranged collagen
H& E stain, = 7.5
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Pig. 2 Chelonis mydas. Gresn

Gbropapilloma, [4) Foeal
#res. of ballooning degeneration.
HLE stain, x75. (B) At higylyer
Earnafication, epidermal cells can
be seon i contsin intramuclear
wiral inclusions, H & E stain, ® 750

Histopathology

Hl!lﬂlngic examination of the liver, spleen, and lung
o Turtle Mo, 1 revealed multiple granulomas surround-
Ing trematode eggs. The 3 cutaneous fibropapillomas
were charactorized by marked hyperplasia
ermis with anastomosing rede ridges extend-
™ into the dermis. The epidermis also was thrown into
PaPil v fronds {Fig. 1} and in several faci, thera
WA Terked cytoplasmic vacuclation and hallooning

'_d'lhl!'e-pl..d

degeneration of superficlal epidermal cells [Fig. ZA).
Many ol these spongiotie cells contained sosinophilic
intraniclear inclusions (Fig, 2B). The underlying der-
mis consisted of proliferating fibroblasts, with occa-
sional trematode eggs within capillaries,

Histologic examination of the lung of Turlle No. 2
revealed that most of the parenchyma was replaced by
hyalinized fibrous tissue, Several trematode eggs,
measunng 20 to 50 wm, were embedded in the fibrous
tissue, Eggs were also present within the interstitium of
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Fig. 3. Chelonia mydas. Low magnification electron micragraph showing intranwelear (1) and intracyioplasmic (C) viral particles
within epidermal cells of a fibmpapilloma. @ ZB573

-'\-i-'l"-:nilJ
famkE
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egos scattered within both affected and unaffected Trematode eggs were occasionally observed within
areas. Light microscopic examination of the 14 cutas dermal capillaries, [none small area of ofe of 14 tumoss
neous fbropapillomas revealed thal the surfaces were |7 =}, there was halleoning degeneration of epidermal

T
B
]
-k
- = m
gy |
Fig. 4. Chelonis mydss, Higher magnification electron micrographs of mature particles within the cyloplasm with morphalogy D e
typical of berposvirus, < 91 975 F
.{; :’r
uninvelved pulmonary parenchyma. There were simi- thrown into papillary projections with epidermal -'.';,-ﬁ
lar areas of fibromatosis in the kidneys, with trematode hvperplasia and proliferation of dermal fibroblasts. ' B
r “r
h.

T
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cells and ecsinophilic intranuclear inclusions similar fo
those seen in Turile Mo, L

TNirastruciural findings
By electron microscopy, intranuclear inclusions con-

ained immature viral particles with elecron-lucent
and electron-dense centers; wiral particles were also

within adjacent areas of the cytoplasm [Fig, 31, Imma-,

ture vwiral particles measured from 7?7 to 90 nm and
obtained an envelops Irom the nuclear membrane,
Mature, enveloped particles seen within adjacent areas
of the cytoplasm measured from 110 to 120 aem (Fig. 4}
Based upon size, location, and morphogenesis both
types of particles were consistent with those of the
E family Herpetovirddae,

DISCUSSION

#+- The cutaneous tumers observed in the green turtles
had gross and light microscopic features ivpical of
green turile Abropapilloma (Jacobson et al 1988). In
o .addition, previously unobserved areas of epidermal
ballooning degeneration, with eosinophilic intranu-
e gar inclusions, were seen in several tumors. In Turtle
: No. 2, inclustons were confined to one small portion of
e of 14 (7 %) tumors examined. This distribution
ndicated that for each furtle, many tumors need to be
amined in order to determine the presence or ab-
nce of inclusions. The productive viral infection may
¢ ooour during very limited tmes in the pathogenesis

'5 By electron microscopy, intranuclear inclusions wers
found o consist of immeature viral particles. In adjacent
""" ‘areas of the cytoplasm of infected cells, mabure
_; ‘enveloped particles, compatible with those of herpes-
i “owitus, were observed, The only previously reported
herpesviruses of green turtles are those responsible for
= grey patch disease (Rebell ot al. 1975; and assoclated
" with a respiratory disease of green turtles at Cayman
Turtle Parm, Grand Cayman, British West Indies
Hacobsen et al. 19B6z). The green turtles from Key
West, Florida, represent the first green turtles outside
of Cayman Turtle Farm to be ebserved with a herpes-
¥irus infection.
Herpesviruses have been associated with andfor
demonstrated to be the cause of neoplastic diseases of
& variety of verlebrates Including renal adenocar-
€inoma of the leopard frog (Lucké 1952), Marek's dis-
w4%e of poultry (Manoyama 1982, Powell 1935 and
Burkite's lymphoma of humans |Wermner & Gertrude
1807, Herpesviruses have also been incriminated as
the Causative agent of papillomas in the European

green Hzard Lacerta viridis (Raynaud & Adrian 1976)
and African elephant Loxodonta africana (Jacobson et
al. 1986b). However, the significance of herpesvirus as
the primary pathogen versus a gecondary infection can
be debated. For example, while infectious bovine her-
pesvirus was isolated from bowvine ocular squamous
cell carcinomas (Sykes et al. 1961} and bovine herpes-
virus-3 antgens were detected by indirect
immunofluorescence In the cytoplasm of tumor cells
derived from bovine ocular squamous cell carcinomas
{Anson et al. 1882}, a cauwsal relationship between
these bovine herpesvinuses and bovine ocular tumors
has oot beoen ficmly established, [t is quite possible
that these herpesviruses may only represent secon-
dary infections, merely present in a growing tumor
Similarly, it 15 onknown whether of nol the herpes-
virus identified in the fibropapillomas of the gresn
turtle of the present report is the etiologic agent of this
disease. The identified virus needs to be isclated and
Koch's postulates fullilled in order to establish a causal
relationship. Isolation attempis are in progress,

Trematodes of the family Spirorchidas are commonly
encountered in the cardigvascular system of marine
turtles and include members of the genera Amphior-
chis, Carettacola, Haemoxenicon, Hapalotrema, Ladre-
dies, Monticellius, MNeospirorchis and Sguaraaceta-
Budurn (Lauckner 1885). Pathological findings associ-
ated with eggs of these parasites have been described
for the loggerhead sea turtle Carelfa carefta (Wolke et
al, 1981 and in both farmed (Greiner et al. 1980,
Glazebrook & Campbell 1990a) and wild [Glazebrook
& Campbell 1930b) green turtles.

Smith & Coates (1939 found trematode eggs in
0% of fibro-epithelial growths on green turtles at
the MNew York Adquariom and trematode eggs wers
ocrasionally seen within dermal caplllaries of fibro-
papillomas of greem turtles of the present repork
Based upon the absence of trematode eggs in any of
28 biopsies of libropaplllomas examined from & green
murtles, Jacohson ed sl (1989 did not consider spitor-
chid eggs as the cause of GTF, [n studies on diseases
of farmed and wild marine turiles in  Australia,
although spirorchid trematode eggs were commonky
associated with visceral granulomas in green turtles,
fibropapillomas were not ooled in any of the
examined turtles (Glazebrook & Campbell 19904, b,
Sull, transmission studies wtilizing spirorchid eggs
or egy components need to be conducted in order
to conclusively determine if a causal relationship
exists between spirorchid eggs and Hssue fibro-
matosis. Regardless of the role of spirerchids in
GTF, the visceral tissue reactions and alterations from
eggs collecting at visceral sites probably contributed
b3 the debility ol the 2 green turtles in the present
report.
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the resumption of commercial whaling, ostensibly o
alleviate coomunic and cultural hardships suffered by
their coastal communitics, Their negative reaction 1w
this opportunity o do so suppests that their stance may
have been o sham, Realizing that” the Trish Initiative
winald he more restrictive than the status give, they
have lost interest in providing a few whales for their
coastal communities, opting for larger whale kills on
the open sca. A Greenpeace spokesman commented
on the indiffierence o world opinion expressed hy such
reaclions. Greenpeace s calling for & global whale
sanctuary b cover coastal waters as well as the high
scas, cffectively cnding Japancse and Norwegian
whaling.

Drespite this seeming impasse, the Insh Initative will
continee (o he discussed wntil the I'WC s next mecting
in April.

SHIRLEY HENDERSON

Japanese Nuclear Waste
Shipment Continues on its
Way

The Pacifie Swan, o British flageed ship reporied as
carrying a nuclear waste shipment to Japan (see Mar
Poller, Bull, 35) has passed through the Panama Canal
and 5 heading seross the Pacific Ocean  despile
privtests  from Panamanian  environmentalists — and
Grecnpoace activists,

According 1w Greenpeace the Pacific Swan is trans-
purting & canisters of highly radivactive waste packed
inside three transport casks containing 30000000
cufles of radivactivity. The shipment is the largest of its
kind and is part of a programme 0 ship some 30K
canisters of nuclear waste from Britain and France w
Japan. The environmental group also claims that the
twir countrics also ‘have clandestine plans to ship tens
of tonnes of weapon-useable plutonium fo Japan in the
next decade”.

It is rcported that countries and environmental
groups throughout the Caribbesn and Central America
have protested about the current shipment and the
Caribhean Community, the Organization of Eastern
Cartbbean States and the Latin American and Central
Amcrican  Parlimments  have  Bsucd  statements of
opposition,  In addition, US Representatives. from
Hawail, American Samoa and Guam have writlen to
President Clinton asking him to intervene aguinst the
Lransport.

While the roule of the Peeific Ssan remains a scerel
kept b the Japanese, Fromel and Brivisl ofTicils, i is

Human Herpes Responsible
for Turtle Deaths?

It is feered that the tumour epidemic that is currently
raging wirld wide (scc Mar Pollus, Buli, 34, 989-9911] i5
threatening the survival of endangered sea turtles
specics. For example, increasing numbers of logger-
heads, olive ridley and green sca furiles are being
found with the non-cancerous, but debiliteting tumours
that cover the eves and noses of the victims, In some
Hawaiian waters in excess of W% of green turiles have
been infected with twmours. with more than 506
recorded in the Indian river lagoon and Florida Bay.
These tumours grow o large sizes affecting the eves
and nose, causing blindnes  and  affixation, wath
infernal umours causing the constriction of organs
which in many cases leads (o death,

Biologisis have noted an increased provalence of
tumuur  affected  turtles in near shore areas  and
suggested  possible links  with  terrestrial - pollution.
Experis have speculated that the turtle immune system
is weakened by such pollution increasing their suscepti-
hility to any viral pathogens.

An infectious wviral agent has heen identified in
turtlez which s genetically similar, but not identical o
human herpes Simplex virus | and 2 and Varcella zoster
virus, which causes chicken pox. Rescarchers beliove
that the turtle virus, which s similar to the human
form of herpes. may be the cause of the tumours
Rescarchers at the University of Florida's College of
Medicine, are unsure whether the virus is the cause of
the disease or i3 just an associated, Other leading
laboratories in the United States and Hawail are
having difficulties isolating and growing the virus in
order to obtain conclusive resulis,

University of Florida researchers and the PathoGen-
esis Corp. and have developed o molecular diagnostic
miethod to determine if the virus exists in indivicusl
tumours and normal tissucs, Pathological studies over
the past & years at the Florida Key furile hospital have
demonstrated that the tumour digease 15 caused by o
viral agent, which has been consistently found 0 be
associated with the wmours and not normal urthe
LESSUEs.

ADHIAN BUNKER

Nigerian Oil Spill

Duie b g pipeling rupture al the Idohe plarform off the
coasl of Migeria, Forty thowsand barrels of crude ol
were spilled into the sea on January 12, The platform.
imwned by Mohil  Prodocing Migerin Linlimited



