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PROGRAMMATIC REPORT FORMAT

Grantee: Mote Marine Laboratory
Contract Number: Sca Turtle Grant #03-016-R

Project Title: Investigation of brevetoxin induced morbidity and mortality in stranded sea turtles
from central west Florida

Report Period: Mayv 1. 2003-April 30 2006

Project Manager(s) Principle Investigatori(s):
D. Fauquicr. L. Flewelling. J. Gannon. A. Folev. J. Landsberg
Collaborators: C. Manire. M. Kinsel. B. Stacv. J. Rumsdell

Tasks: Objective | - To determine brevetoxin levels in tissues and body fluids from stranded sea
turtles during red tide events and in the absence of red tide.

Objective 2 - To determine the spectrum of gross and histologic lesions that may be associated
with the presence of brevetoxin in tissues from stranded sea turtles.

Objective 3 - To investigate if brevetoxin levels in stranded animals are associated with K. brevis
cell counts and investigate any associations with the covariates of season. stranding location.
gender. reproductive condition. and body condition.

Accomplishments:
Objective 1-

From Januarv 1 to December 31. 2003, sea turtle strandings in Mote Marine Laboratory’s
(MML) stranding area increased 4-fold (average 44 animals vear) with 174 turtles stranding
during the period. During this period 141 animals were recovered dead. and 33 animals were
recovered live with two live animals released at the stranding site and not brought into
rehabilitation. There were 97 loggerhead wurtles (Carenta carerra). 30 Kemp's ridley turtles
(Lepidochelys kempi). 19 green wurtles (Chelonia mydas). 3 hawksbill wrtles (Eretmochelys
imbricata) and three turtles of undetermined species recovered.

Live turtles admitted for rehabilitation (n=31) had swollen eves and neurologic clinical
signs including unresponsiveness. inability to move the tlippers. and circling. Testing ot blood
and body fluids for the presence of brevetoxin by ELISA found toxin presentin 17 of 22 (77¢)
live sed turtles (Table ). Brevetoxin levels at admission ranged from 4.1 to 88.8 ng ml in
plasma (n=14). 3.1 10 32.0 ng ml in whole blood {(n=13) and 29.53 10 728.7 ng g in feces (n=3).
Serial plasma samples were taken from five live loggerhead sea turtles during rehabilitation and
toxin was cleared from the blood within 3-40 davs post-admission depending upon the initial
brevetoxin value. One green and one Kemp's ridley turtle al<o had serial blood samples
collected and these animals showed faster clearance times of 2-13 davs as compared to the
loggerheads.

Testing of blood and tissues tor the presence of brevetoxin by ELISA found toxin present
in 1201 13 (927¢) dead sea turtles (Table 2). In addition. of the 31 live animals recovered. 13
died during rehabilitation and all (13 15, 100¢) had detectable levels of brevetoxin in blood and
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tissue (Table 2). Mecan values for brevetoxin levels by tissue tvpe for dead stranded and animals
that died in rehabilitation are presented in Table 3. Overall. animals that died in rehabilitation
had lower mean brevetoxin values than dead stranded animals in most tissues tested. For
individual tissue tyvpes tested. feces and urine were the most sensitive samples tor detecting
brevetoxin. followed by large intestine tfluid. small mtestine fluid. liver and bile (Table 4).

Objective 2 —

Post-mortem ¢xaminations were performed on 37 ~sea turtles. Of these animals. 28
animals had tissues tested for brevetoxin. and toxin was present in 27 of 28 turtles (967¢). When
evaluating sea turtles the detection limit tor the ELISA is 3 ng ¢ tor tissues and <2 ng ml for
plasma. Animals with values above these concentrations were considered exposed.  Brevetoxin
intoxication was considered the probable cause of death in animals that presented live with
detectable brevetoxin levels or in dead animals with three or more tissues above the detection
limit and no other significant pathologic findings. For all positive animals (n=27) brevetoxin
intoxication was determined to be the primary cause of death.

Of the 23 animals tested for brevetoxin. 21 turtles had histologic samples collected and
analvzed. Preliminary evaluations ot histopathology from these animals found no specitic
histologic lesions attributable 1o brevetoxin. The one brevetoxin negative animal was an
emaciated green turtle with severe fibropapilloma tumors. Ot the remaining 20 brevetoxin
positive animals. seven were considered severely emaciated at death. four had secondary human
interactions involving boat strikes or entanglements. three had secondary infections or ruptures
of the gastrointestinal svstem. and one had secondary aspiration pneumonia.

Objective 3 —

The proportion of animals positive for red-tide exposure was consistent among species.
gender and age class. but sample sizes were small and this should be re-examined when
additional samples are available. Statistical tests (7 for RxC contingeney table) did not show
significant differences among species (p=0.20). gender (p=0.10) or age class (p=0.10). However
the proportion of animals positive for red-tide exposure (Figure 3) was different among scasons
(p=0.023). This seasonal ditference correlated 10 the increase in red-tide positive animals during
the months of Julyv. August and September at the peak of the sea turtle strandings (Figure 1).
Differences between brevetoxin levels in tissues from live animals that died and dead stranded
animals were analvzed using the Kruskal-Wallis test. There were signiticant ditferences
between brevetoxin levels in lung (p=0.001). liver (p=0.002). kidney (p=0.001). and stomach
contents (p=0.040) between dead stranded turtles and wurtles that died in rehabilitation. however.
there was no difterence in feces (p=0.330}).

The bloom index ranged from a low of (} 10 a high ot 31.513.333 K. hrevis cells L. The
KWANOVA conducted on brevetoxin positive turtles compared 10 brevetoxin negative turtles
found no ditference in the bloom index (H:o: «_:=2.41. p=0.12). However. when the test was
conducted for live stranded (median=81.824) vs. dead stranded turtles (median=394.001) there
was a significant difterence (Huoo 2x.=3.63. p=0.0176). with dead stranded animals having a
greater than 6-told higher bloom index than live stranded animals.

In conclusion. brevetoxicosis appeared to be the primary cause of stranding in 34 of 40
(839 ) live or dead stranded animals during 2003 off the west coast of Florida during a severe red
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tide event. Although additional animals were not tested it can be assumed that a similar
proportion of animals stranded during this time were also affected by brevetoxin intoxication.
Animals stranded dead during periods of high red tide cell counts while live animals stranded
during periods with lower cell counts indicating that there is a threshold at which red tide
exposure becomes tatal. Findings {from this study arc only preliminary. but the fact that the
majority of the live and dead animals sampled during the 2003 red tide event were positive for
brevetoxin indicates that brevetoxin intoxication may play « lurger role in the morbidity and
mortality of sea turtles off the west couast of Florida than previously recognized.

Presentations:

D. Fauquier. L. Flewelling. C. Manire. I. Gannon. V. Socha. A. Folev. J. Landsberg. 2006,
Preliminary investigation of brevetoxin induced morbidity and mortality in stranded sea turtles
from central west Florida. 2006 Marine Turtle Permit Holder Workshop. Jacksonvilie. Florida.

D. Fauquier. L. Flewelling. C. Manire. J. Ramsdell. J. Gannon. M. Kinscl. B. Stacy. N, Barros.
V. Socha. J. Grimes. A. Folev. R. Pierce.J. Landsberg. 2006. Brevetoxin induced morbidity and
mortality in stranded bottlenose dolphins and sea turtles from central west Florida in 2005, The
Southeast and Mid-Atlantic Marine Mammal Symposium. Fi. Lauderdale. Florida.

C.A. Manire. D. Fauquier. J. Cianciolo. L. Flewelling. B. Stacyv. A. Folev. and J. Landsberg.

2006. Red tide toxicosis in sea turtles. 377 Annual International Association of Aquatic Animal
Medicine Conference. Nassau. Bahamas.

Additional Funding

Additional funding was received from the Sca Turtle Grant Program for the second yvear of this
study. A proposal to continue this work and to begin work with stranded sea birds was submitted
to Morris Animal Foundation in April 2006.
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Table 1: Pre-mortem brevetoxin levels in fluids and tissues from live sea turtles

analyzed by ELISA (n=22).

[All values in ng g (blood=ng ml): NEG=None deiecied (LD<2 ng ml tor plasma. LD<t.< ng ml Tor whole biood:
LD=Dciection limit. CC=Loggerhead. OM=Green. LK=Kemp's ridley]

STID STR Species Plasma W hole Feces| Outcome
DATE Blood
ST USIR] 2 2 2003 I.K ' 21 ‘| Dicd
ST 0316 22 20l IK \NEG “IReleased
STOS]7T] 213 Z0us CcC - \NEG Reicused
STUSZ2 S i6 Zuus qq : 16.0 | Dicd
ST U330 6 3 2003 cC NEG Releused
STOIZ 6152003 cC - NEG Reloiaed
ST U349 7 22003 qe B 130 | Dicd
ST 0anN] N1 2003 LK ™~ RRNU! N9 Y Released
ST N6 2003 LK " N2 “ONT | Released
STuUS™6| N7 2003 CC X3 0.2 Dicd
STOINT] N 10 2003 cC H=.2 0.0 Dicd
ST UR9U| N 10 2003 CcC 233 12.0 Dicd
ST ONTOO| N~ 12 2003 cC S4.6 280 1 Died
ST OS2I 9 13 2003 cC 252 29.53|Dicd
ST OS142] 9 16 2003 cC a3 25 Redeased
STUST4E] 9 17 2003 I K 1.0 “22.0|R¢hab
STOS[46| 927 2003 cC ANLN “IReleased
ST OIS 109 2ous CcC 16.2 ) 1 Died
ST OIS 109 2005 CM =1 “|Released
ST OSSO 12 2005 cC +0.2 | Dicd
ST OSITU 1] 2s 2003 cC .6 ‘ “|Rchah
STOSITA 1227 2003 CM NEG ‘|Released
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Table 2: Brevetoxin levels in fluids and tissues from dead stranded turtles and turtles that
died during rehabilitation analyzed by ELISA (n=28).

[All values in ng ¢ (fluids=ng ml): NEG=Nonc detecied (LD<S ng ¢ for tssues. LD< 2 ng ml lor bile):

LD=Dctection limii. CC=Loggerhead. CM=Green. LK=KRemp's ridley. L=Live Strand Died in Rehab. D=Dead

Strund. St Cns=Stomach Conwnes. LI Fluid=large intestine tluid: SI Fluid=small intestine 1uid]

STID str Date  Nece Date Days in SpeciesiLive Dead  Lung Liver Kidney; St Cnts  Bile: ST fluid: LI ﬂui(ﬂ Feces
Re¢hab
ST s JoF DR R (M DONEG NG NTFG NG
s 5 I K D ooosT el T2 TR
Junes (¢ P NG s -
: RS 1K RS ' 22
ST 022 6 2 s R K D
ST sen R I K D w2
; SRS b 1K D 302 IS
SRONEES v I K D
SN DeE s s N B KRN N30
SR s a3 I (( D NS 2
TS CC D NS TNz
NS s TR CC D oo
RIS ! I K D B 28T
ST o313 330 2uos 63 1K INEGE NG NFG 22
ST RS e s 10 CC NG s NBG 2
NIRRT : O\ I NEGONLG NG NG -
SToSiar 73 R 2 s CC 1NFG 2320 NG NG Z32
NS ST 2R sy oS 2 CC R
STUSST N Tied s 1l 208 < CC [, 2w ONSo 23T T o ST
SOSS S Tn Do s Ty 2R i CC I NIG I35 NG WL
STt s R 2ms 0 N T NS = CC L N\IG R
3 2 ~ v Cues z CC IONFG I720 NFGENEG 28 ] ‘
2 NSNS : CC L NFGE NFGE NG NIGONEGE NG : s
~ 22 ond 3 CC I, 2 b 2330 2oL NIG 2R 2o TR e
NBERINLES 2 CC TR NEGOONEG S 20T TN sl
T s bl cC | A S N O SR N N
IR < C R NN O S T
2N 2onR s C( LNFGONEG NEG 2z RN
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turtles that died during rehabilitation.

AN values in ng ¢ ({luids=ng ml). St Cnis=Stomach Contents. LI Fluid=large intestine {luid: SI Fluid=small

iniesine 1uid)

Mean brevetoxin levels for each tissue type tested from dead stranded turtles and

Dead Stranded Lung Liver| Kidney| St Cnts Feces Bile| SI fluid| LI fluid
Mean 9821, 20572 12275 40144 4344

Stdev “9.79 18398 11dad] 30706 as122

N\ 13 13 13 12 10 0 0! 1
Dead Rehab Lung Liver| Kidney| St Cnts Feces Bile| SI fluid| LI fluid
Mean 11.39 20,58 1338 39701 43349 30.28 13190 30367
Stdev 9.60 [§8.33 15.50) 11070 71749 41.38 9350 130668
N 15 14 13 L0 1+ 1) B B

Table 4: Percent of dead animals positive for brevetoxin by tissue tyvpe
LI Fluid=large intestine fluid: ST Fluid=small intestine tluid]

Tissues Fluids % Positive |N
Feces 100 ¢ 24
LUrine 100¢¢ 4
LI Fluid 88, 3
SI Fluid S6C¢ B
Liver 824 2"
Bile 80¢¢ 10)
Muscle T3¢ 4
Kidney 617 2>
Lung 617 23
Stomach Contents |397¢ 22
Brain N 2
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