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Abstract-Skelstochronclogical data
on growth changes In humens diam-
eter were used to estimate the age
of Hawallan green s=aturtles ranging
from 2B.7 to 86.0 cm stralght carapace
length. Two age estimation methods,
correction factor and spline Integration,
were compared, giving age estimates
ranging from 4.1 to 34.6 and from 3.3
to 49.4 yr, respectively, for the sample
data. Mean growth rates of Hawallan
green seaturtles are 4-6 cmfyr In early
Juvenlles, decline to a relatively oon.
stant rate of about 2 coiyr by age 10
yr. then decline again to less than |
cmiyr as turtles near age 30 yr On
average, age estimates from the two
technigques differed by just a few years
for juvenile turtles, but by wider mar.
gins for mature turtles. The spline-inte.
gration method models the ounilinear
relationship between humerns diame-
ter and the width of periosteal growth
Increments within the humerus, and
offers several advantages over the cor-
rection-factor approach.
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Thirty-year recovery trend in the once depleted
Hawaiian green sea turtle stock
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Alstract

The green sea lurle B one of the long-hved speces thal comprse the chanamaie manne megalauns The green turle has a long
hstory of human ephdiation with some slocks extnet. Hers we report on a Jlbyear study of the nesimg abundance of the gresn
hirtle stock endenue bo the Hawanan Anchipelsgs. We show that thens has been 2 substanta] lomg-lenm mensase mabundanes of
this once serously depleted stock following cesation of harvesing since the 1905 This populabion mensase has oocwrmed ina far
shorer period of time than previously thoushl possible. There was also a disimet 34 year periodicity m anmusl nesimg 2 bimdance
thai might be a Mumetion of regonal envimonmental slochasbaty thal symchronses bresdmg behayviour thrughod the Archipets e,
Thas 1% ome of the lew rebable lomg-lerm populaiion abundance tme senes lor 2 large long-lived manne speces, which ane nesded
lor gammeg indghis inbo the mecovery prosess of bng-lived marme speces and long-lenm el el prodesaes.

% 2003 Ekevier Lid. All nights reserved.
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L Tntrodusctiom

The gren turtle {(Chedwria mipdes) has a cincum-
tropical disribution with distinet regional population
stmuctures {Bowen et al., 1992) and is the most abundant
large marine herbivore (Bjomdal, 1997). Glohally, the
green turtle has been subject toa long history of uman
exploitation with some stocks now extinet and others in
decline { Frazier, 1980; Witzell, 1998 ). Yet despite being
moogrized as globally threatemed (Mational Ressarch
Council, 199 there am few reliable assessments of
abundance status and trend of any green turtle stock
{Chaloupka and Limpus 2001). Relisble long-temy
estimates of population abundance trends are needed to
apport recovery planning (Foin et al, 1998, mode] sea
turtle demogra phy (Chaloupka, 2002) and are essential
for developing a better understanding of long-tem
ecological processes (Inchawsti and Halley, 2001 ).

For sea turtles, such population abundance estimates
are based prefierably on foraging ground capture—mark—
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mcapture programs that can provide more detailsd
sex- and age-classspecific demographic information
{Limpus and Chaloupka, 1997; Chaloupka and Limpus,
e, 20Z). However, capture—mark—mcapture pro-
mams in the marine environment for large and highly
mohile species such as sea turtles are very difficult and
expersive to conduct amd so are rarely undertaken
{Limpus and Chaloupka, 1997; Bjorndal et al., 20ds).
Mearly all assessments of sea turtle population abun-
dance have been hased on trawl hased catch-per-unit-
effort estimation, aerial survey based density estimation
or, mone commonly, by montoring the mumber of
females that come ashore each year to mest at stock-
specific rookeries (see review in Chaloupka and Limpus,
A1}

Monitoring beach nesting is by far the easiest and
least expenzive means to assess green turtle population
abundance but short-term surveys (< 10 years) are
inadequate for several reasons (Chaloupka and Limpus,
A1), Most notably because green turtles are long-lived
{Limpus and Chaloupka, 1997; Zug et al., 2602) and
females skip several nesting seasons due to notritional
constraints (Bjorndal, 1997). Hence, long-term nesting
beach surveys are esential if this form of asesment of
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Spatial and temporal variability in somatic growth of green sea
turtles (Chelonia mydas) resident in the Hawaiian Archipelago
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Absiract The somatic growth dymamics of green turtles
(Chalomia mivdas) resident m five separate foraging
grounds within the Hawailian Archipelago were assessed
wing a mbust non-parametric regression modelling
approach. The foraging grounds range from coral reef
hahitats at the north-western end of the archipelago, to
coastal habitats around the mam islands at the south-
castern end of the archipelago. Pelagic juvenies recruit
to these neritic foraging grounds from ca. 35 em SCL or
5kg {~46 years of age), but grow at foraging-ground-
specific rates, which results in guite different size- and
age-specific growth mte functions. Growth rates were
estimated for the five populations as change in straight
carapace kength {cm SCL year™') and, for two of the
populations, also as change m body mass (kg }'ca.r"].
Expected growth rates vaned from ca. -2.5cm S5CL
}'ca.r". depending on the foraging-ground population,
which iz indicative of slow growth and decades to sexual
maturity, snce expected size of first-time nesters is
20 em SCL. The expeocted size-specific growth rate
functiors for four populations sampled in the south-
eastern archipelago displayed a2 nom-monotonic func-
tion, with an immature growth spurt at ca. 50-33 cm
SCLA{~18-23 kgl or ca. 13-19 years of age. The growth
spurt for the Midway atoll populaton m the north-
weatern archipelago occurs at 2 much larger size {ca.
65cm SCL or 3 kg), because of slower immature
growth rates that might be due to a limited food stock

and cooler sea surface temperature. Expected age-
at-maturity was sstimated to be ca. 1540 yeas for the
four populations sampled at the south-castern end of the
archipelago, but it might well be =350 years for the
Midway population. The Hawaian stock comprics
mainly the same mtDMNA haplotype, with no diff erences
in mtDMA stock composition between foraging-ground
populations, so that the geographic varabidity in
somatic growth rates within the achipelago is more
likely due to local environmental factors rather than
genetic factors. Significant temporal variahility was also
evident, with expected growth mtes declimng over the
last 1020 years, while green turtle abundance within the
archipclago has increased signmficantly since the mid-
19T0s. This mverse relationship between somatic growth
rates and population abundance suggests a density-
dependent effect on somatic growth dymamics that has
alzo been reported recently for a Caribbean green turtle
stock. The Hawaian green turtle stock is characterizsed
by slow growth rates displaying sagnificant spatial and
temporal variation and an mmature growth spurt. This
i5 consistent with smilar findings for a Great Barrer
Reef gmen turtle stock that also compriss many for-
aging-ground populations spanning a wide geographic
TANZE.
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Using Bayesian state-space modelling to assess the recovery
and harvest potential of the Hawaiian green sea turtle stock
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ARTICLE INFO ABSTRACT

Artide history: The Hawaiian green sea turtle genetic stock is endemic to the Hawalian Archipelago. This
Received 2 November 2005 stock was depleted over the past century mainly due to over-exploitation that ceased during
Received in revised form the 1970s following protection under the US Endangered Species Act. Nesting trends sug-
S February 2007 gest the stock has been recovering but no formal stock assessment has been undertaken.
Accepted & February 2007 So, we used 2 Bayesian state-space surplus-production model to describe Hawaiian green
Published on line 13 March 2007 turtle population dynamics given limited data and uncertainty about sea turtie demography.

Data series comprised commerdzl landings of green turtles reported from the Archipelago
Keywords: (1944-1973) and nester abundance recarded at the primary rookery on East Island, French
Bayesian state-space model Frigate Shoals (1573-2004). The model incorporated process and observation error and was
Surplus-production fitted using Markov chain Monte Carlo simulation with a mix of informative and non-
Stock assessment informative priors. We estimated that the Hawaiian green turtie stock was ca. 20% of
Green sea turtle pre-exploitation biomass when monitoring and protection began in the 1970s. The stock
Hawaii is estimated to be now ca. 83% of pre-exploitation biomass with an intrinsic growth rate

ca. 5.4% pa (95% Bayesian credible interval: 3.1-8.9%). Rebound or recovery potential (also
exploitation rate at MSP) of this stock was estimated to be 3.4% (1.6-6.2%), which is consistent
with estimates for other long-lived late-maturing marine species. So, this once-seriously-
depleted green turtle stock is well on the way to recovery and a limited harvest might now be
demographically feasible. These findings are relevant for supporting informed public policy
debate on the restoration of indigenous hunting rights in the Archipelago. Parameter esti-
mates and model structure from the Bayesian surplus-production model were incorporated
in an interactive easy-to-use stochastic simulation model to help support policy analysts in
stock recovery planning and to explore sustainzble harvest potential.

© 2007 Elsevier BV. All rights reserved.

1 Introduction habitat destruction (Amerson, 1971) and over-exploitation of

eggs and turtles (Balazs and Chaloupka, 20043). Green turtles

The green sea turtle, Chelomia mydas, is the most abundant
large long-lived marine herbivore (Bjorndal, 1997) and has
a long history of human exploitation for meat and eggs
(Parsons, 1962). The Hawaiian green turtle stock is increas-
ing in sbundance following severe depletion due to nesting

* Corresponding author. Tel: <61 419180554 fax: 461 7 3365 7299,
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resident in Hawaiian waters comprise a single genetic stock
(Bowen et al., 1952) that is dispersed over numerous coral
reef and coastal foraging grounds throughout the Hawaiian
Archipelago (Balazs and Chaloupka, 2004b). Adult female tur-
tles resident in these foraging grounds migrate every few years



TWO PREVIOUSLY UNREPORTED BARNACLES COMMENSAL WITH
THE GREEN S5EA TURTLE, CHELONIA MYDAS (LINNAEUS, 1758), IN
HAWAII AND A COMPARISON OF THEIR. ATTACHMENT MODES
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ABSTRALCT

Tan species of bamacles found living in the skin of green sea toribes, Chelomie orpder, amnd
findings bring to five the total mumber of barmackes commensal with Hawaiian ssa mrdes and to 50
the: number of shallow-water cimipedes known in Howadii Idestified s Stomaiofepar elspanr and
Platplepar decrrma, both species live embedded in the sofit skin of the limbs, meck, and tadl of their
host. Siommtelepay elepans is perhaps a recent arrival in Howadi with this being the first report of it,
or any member of the genus, occurmming with hasdkshill turiles, Eretmochelr imbricaia. We found the
bamacle embeds by penetmting the epidermis of sea turtles and them anchors in conmective tssue
of the dermis by way of small spikes extending from the shell. Comversely, P decorata invades bost
tissme less deeply. lncks anchoring devices, and becomes encapsulaied only by epidermis. Species
dingnoses were made by light and scannimg electrom microscopy and by comparison with other
members in each genms.

RESUME

Deun espéces de cimipédes vivant dans la peaw des iorwes veries marimes Chelomia arpdar et
inconmues jusqo’d ce jour d Haowadi sont étudides et leur mécanismes de fixafion comparés. Ces
itromvmilkes porient i cing le mombre ioial de compédes commemsanx des forfues mannes d” Howani et
i 50 bo mombire d'espéces de cimipédes d"eanx pea profondes conmues @ Hawaii. [demtifées comme
Stomatolepar slepans et Flatplepas decongis, les deun espéces vivenl enfoncées dams la pean molle
des membres, du cou et de la gquewse de lear hite. Stomatolepar eleponr est peot-Etre d’ amivée récente
it Hawnii, ceci tant la premigre mention de sa présence, comme la premigre mention de ce genre,
vivant avec les torues imbriguées. Erefmochelys imbricata. Nous avons trouvé que e cimipéde
s'enfonce en pénétrant dans I"épiderms des ioruses de mer et 5 ancre ainsi dans le Gsso comjonctif du
derme am moyen de petites pointes vemnant de In coquille. Ieversement, P decorafa emvahit le tisso-
hilte moins profondément, n"a pas de systéme d’ancrage et " encapsule seulement dans ' épiderme.

¥ Comesponding author, e-mail: jobn.rardus@citadel edu

i Koninklijke Bl NV, Leiden, 2007 Crusincessa B0 {11k 1303-1315
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Abstract We investigabed cause-specific temporal and
spatial rends in sea tuitle strandings in the Hawaiian
Arnchipelage. Five species of sea turtle were meconded in
3861 srandings over a 23-year period (1982-2003). Green
wrikes comprised 97% of fwese strandings with size and
gender composition reflecting the demographic structune of
e resident green tuntle population and relative green wrde
ahbundance in Hawaiian wakers. The cause of strandings
wit determined by necropsy based on a complete ghoss
external and intemal examination. Tog@lly 75% of e
3732 green wrile strandings weme from Oshu whem
strandings oocur year-round. The modt common known
cawse of the green tuntle strandings was the tumour-form-
ing digease, fibmpapillomatosis (28%)  followed by
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hook-and-line fishing gear-induced trauma (7%), gillnet
fishing gear-induced trauma (3%), boat strike (2.5%), and
shak attack (279%). Miscellaneous causes comprised
54% of strandings whereas 49% of green wrile strandings
oould ot be agributed o any known cause. Green ortle
strandings attributable to boat strike wene more likely from
Kaai and Oahu while fibropapilloma strandings wene
more likely from Caho oand Maoi Hook-and-line gear
strandings wene more likely from Oahu due o higher per
capita indwore fishing effort The specific monality rae
{conditional probability) for fibropapilomatosiz was §8%,
69% for gillnet gear and 529% for hook-and-line gear. The
probabiity of & dead green tuntle stranding increased from
1982 but levelled off by the mid-1990s. The declining
montality risk was bocause the prevalenos and sevenity of
fibropapillomaisiz has docreased recently and so has dwe
montality fisk attribumble to gillet gear. Despie exposune
to disease and imshore fishing gears, fwe Hawaiisn green
tuntle stock continues to recover folowing pootection sinoe:
the late 1970z, Meverthe less, measunes to redwce incide ntal
capture of sea tuntles in cosstal Hawaiian fisheries would
bz prodent, especially since srandings aitributshle o
hosok-and-line fishing gear have ncreased steadily sinoe
1982,

Tmtr- ekt o

The green sea tuntle |Chelowis mywdas) & the most
shundant large marine horbivore in the world and has
been subject o a long history of homan explodtation
(Frazier 1980; Pamons 1962) leading some populations
to be extirpated or depleted (Parsons 1962) Declining

£ Springer
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ABSTRACT

Aim To critically review the status of the green sea martle [ Chelonia mydas) nsing the
biest avallable scientific sadies 2 there 1s 2 prevalling view that this species 1s globally
endangered and 1S marine ecosystem functions oompromised.

Location Ogzsawara (Japan}, Hawatl (UU5A), Great Barrier Reef (Awstralia), Florida
(LUSA), Tornguero (Costa o).

Methods We compiled seasonal nesting activity data from all reltable continaoes
long-term stodies (> 25 years), which comprised data series fior six of the world's
muajor green martle rookeries. We estimated the underlying time-spedfic trend In
these six rookery-specfic nmester or nest abundance series using 2 generalized
smoothing spline regression approadh.

Results Estimated rates of nesting population increzse ranged from c. 4—14% per
annom over the past two to three decades. These rates varied considerably amomg
the rooketies, reflecting the level of historical exploitation. Similar increzses in
nesiing population were also evident for many other green tarthe stods that have
been mondtored for shorter dorations than the long-term studies presented here.

Main condusions We show that six of the major green tortle nesting populations
In the world have been Increxsing over the past two o three decades following
protection from haman hazards such as explottation of eggs and tartles. This popu-
latiom recovery or rebspund capadty Is encouraging and soggests that the green torte
15 not on the brink of global extinction even though some stocks have been serioashy
depleted and are still below historical abondance levels. This demonstrates that
refatively simiple conservation strategles can have a profoond effect on the recovery
of once-depleted green tartle stocks and presumably the restoratson of thetr ecological
functon a5 major marine Consumers.

Keywords
Chelonia prydas, conssrvation, green sea tortle, marine, stock recovery.

INTRODUCTION

of marine food web dynamics (Estes et al., 1998} and the
long-term viability of the world's coastal scosystems (Jackson

declinesin the abundance of marine megafiore such asleatherback
sea turtles (Spotila ef al., 1996]), Steller sea lions (Trites &
Donnelly, 2003), great whales (Roman & Palumbi, 2003},
pelagic sharks [Baum B Myers, 2004) and dugong (Marsh et al,
2005). There is increasing concern that the widespread decline of
the marine megafauna will have unexpected and grave conse-
quences for fisheries productivity (Pauly =t al., 1998], the sabiity

0 2007 The farthors
Joumna compilaton © 2007 Bladowell Publzhing Ld

et al, 2001). In particular, Pandalfi et al. (2003) foand that the
long-term degradation of coral reef ecosystems was always pre-
ceded by a significant loss of the large herbivores and predasors
that comprise the marine megafinna. However, it is believed that
these degraded marine scosysterms might retzin the capacity for
recovery as most megafauna populations in thess ecosystems still
exist, although at vasthy reduced levels of abundance (Jackson
et al, 3000; Pandalh e al, 2003).

D4 1011115 1466-8 238 _M07 D036T x
wewees Hiacdoerelpu bisshing comfgeh 297



Aot of
EXFERINMENTAL
MARINE BIOLDGY
AND ECOLOGY

Jesmrzal of Expevimenal Masine Biclogy o Eeclogy 306 (3008) 121 127

Diving behavior of the Hawaiian green turtle (Chelonia mydas)
during oceanic migrations
Marc R. Rice **, George H. Balazs®

'HMJP&MJM A 102 Kokala My Rd, Kowsds Haowed 08743 LEA
b KA, Natbomal Morise Fiskavien Servcs, Pacifie b laady Fiskewies Sedmes Cowtr, 230 Dol Soaws, Homoluly, Hawell 08822 LEA

Abstract

The diving behavior of an adult female and two ado 't male green tuniles was reconded dunng ther rmoundinp bresding migetion from Lam ales,
Cwhu, to French Frigade Shoak m the Norfhwesiern Hawamian [slnds. Thess dets represent the firg detsled reconds of diving behanaar af green
turfles as they migrade totherr breading gowunds. All thres turfles exhibited a biphasic diving hahanviar. During the daylight howrs, diving depth was
shallow (1—4 m) and duration was short (1-15 min ). [t wes assumed that the tunfles were moving deliherately iowand ther desmation during this
timee. Batwesn 1900 and 1930 h daily, the turfles began & diving pafien consigting of deep dives with 2 mesn maximum dive depth of 35-55 m
and & mean durstion of 35 o 44 min. The shallow divmal diving began between 0600 and 0700 h, afier the nociumal desp-diving patiemn ended
The adult female made two dives in exoms of 135 m and one male made sevenl] dves m exoess af 100 m. These ane the despest dives ever
recandead for a naturall y diving gresn turtle. It dook 2n averege of 36 danys for the turfles to make the tnp to Fench Frigste Shoals and an avemsge of

30 days to male the retum trip. The deep noctumal diving was unexgpested and ths behavior 5 m need of further mvest gation..

0 28 Ekevier B V. All nghts neserved .
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1. Imtrodwe ton

Diiving plays a central mole i the lives of all air-bresthing
e vertehrates, inchuding sea wrtles, With te adventof small,
reliable dats-lepoers that can record diving behavior, thee has
oen & profision of studes examining the dive performance of a
range of maring animals including mammals, reptiles and binds.
For sea wurtles, mostdive sudies fiscus on the intemsesting period
etwoen sweoesmive clutches, & nstruments can be deployed
relatively easily and remowved when turtles are ashore nesting
(Hays et al., 2002, More difficult & obtaining dive information
when turtles are away from their nesting beaches, for example, on
foraging grounds or while migrating, Some satellite mgs allow
dive informaton to be relayed ffom such envimonments ez,
Hochscheid et al, 2005ab; Myers et al, 2006), but higher
resplution, contimeous dive data could potentially be supplied
from dats-logpers that are not constrained by the limited band-
widih of te Argos satellite system (MeMalon et al., 2047

* Ciosresporsding auibor. Tl : -+ S0EEE 14004 for: -+ S0EEE 1400
2 NS - sz fioed mater © 5008 Elesvier BV, All rights resemved.
o 10 10 16 j exnbee: S00T_ 12000

Satellite racks of Hawaitan green tuntles (Chalonis iz
returning from their breeding grownds have shown that they take
betwedn 20 and 50 days to make dwe B00—1 100 lm irip with an
average speod between 15 and 2 kn'h (Balazs, 1994 Balars
etal, 1994, Balazs and Elliz, 206M)). This i& a generalized pic-
ture of their behavior during the migration necessitated by the
long time interval between sccurate Arpos fines and the lack of
fine resolution diving data As a consequence, we do ot know
if the turthes ane wraveling at the same rate of spoed throwghout
the day, if they ane swimming at the surface or at depth, and if
they ame fooding during te trip. Displacement studies at
Ascension Bland (Hays o al, 2001) have shown theat adult
green turtles exhibit diel varations in diving patems during
their breeding migration. There are cumently, however, no
published accounts of migration tracks or diving behavior fior
green turtle migrations to their breeding grounds, This is a result
of the difficulty of determining when a turtle will migraie i
bread without using technigues such as bparoscopy for gonad
evalustion involving a relatively large mumber of animals,

Our study examines te diel diving behavior of three adult
green turtles during their roundtrip broeding migrations between
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Composition of Hawaiian green turtle foraging
aggregations: mtDNA evidence ior a distinct
regional population

Peter H. Dutton*, George H. Balazs®, Robin A. LeRonx!, Shawn K. K. MorakawaZ,
Patricla Zarate®, Laura Sarti Martinez"

TMHIAA Picharien, Soulhunct Fchoe ke Selonrn Cendor, ABR La inla Shores, Drive, La Jaip, Spleaendy 72097, DEA
TR0 Fisherivs, Povlike Bluods Fisherbee Scienoe Ceoker, 2578 Db Street, Heool wlo, Hawes il SOREE-3 503, 150

ICharkes Tarwin: Poomdatiom, Savia Cree, Galapagos Islaode, Braadar
DM ANF, {amien ol Ajusro Moo 20, Col Raodioes anla Mopkasa, TIalpam, Maxoe DE CF 14200, Mexoo

AEETRACT: To eandrve the Stonk Com puitlon cd Haswgiido loraying popalatsons wnd cernluabs oares
raol le-histary hypotheses, milX¥A cootrol reqglon eequences fom mmalure and adwll green turiles
thal locige wrsand By Hawsiisn [lands were compared o poleoiial souwrce nesfing populstinos
across the Pacilie. We axamined the siock compasition of the lzediog ground {PE) popalatlons at 5
Ledn:x a5bas novack e Havwdibat Archijelago, ag well 89 aoiowls straniled in arcees antside 1 hese indes
Hilet . Six hapleypmes, based on ailMA segeen ey, wWeoe olise ved amumng Ue 788 goeva ot sam-
pled aroand the Howndinn Islameds. Sk mistwre analysis shows that the Hawaiian PC popalations
winiprise oae Qedsle stocl derived froonihe pesiing popnilathon &l Ererid Edgale Sliedls FES], baged
oo 3 mesan estimale of 38,9 % [rom FT5 o5 opposed to otber polential souece slocks, We identified only
3 lunthes witle haplutypes ned bawnd at BFS, bdacatbny thial Hawailan B igigid wocasionally, allxeil
Tarzly. be visited by animals Iepm ronkenies sutgide: the: Hawailan Archipslage, bolh in the eastern
amiel weeslert Parific. These lndingy lead ws b canciucke Uiat Uhw: oumeroos Terngiog agoregaelinns
arcund the Hawaltan 1slands can b conadered parl of a distieel reglonal popidatlon b Inandge-
men!. The [iniding thal R scalteosl saorom s dislance ol moer 24000 km belopg te nare qentic siock is
wogue g ees furlbes, and allows Howaisaw gres turlles lo be asgeaped separataly ircm ol
Pacific slocks with respect o sk, We cxplore the unique populabon ecelogy of 1 lownidan gregn
Lrlles wath reference 1o the comples Ife hustory o this marine megaberbnrore,

HEY WORDS: Poupulation ey - Costisd pegion - Milvchondoial DNA - mIDMNA - Ses urtles
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NTROGDOCTION

The qresn tartle Lhabenfa mydas arours theanghaail
Lhe many coHal teel and opasial feraguog mroonds (TG
within the Hawaiian Atchipelago, which consisis of
more thonm 13 islamds and recfs spinpinm Bppproxi-
uralely 200 ko Jsee Fig. 13 The wnlby slynlleal -
imp assemblrge oroaes 8l Freneh Frigele Shoals (FT5), e
malnly uninhablied ract with aevaral sand Elsts locatad
in the maddle of the=sirchipehun {sce B3g- 1], witeaegh it
AppenrE hal eHue nesting aecuered i the sonheastarns
and af the afthipelaqo prlar b Europeas dettlemest
{Halnzr 19R5a), and law:Ineol nasting aoors misawhicrn

“Eimail: pede. dullon @ wwd pus

in thg nanbwastem Hawaiian fslonds. The FFS nesting
prorpeelatbom ol Lareateded greesn e has besn mednl-
tnre xinm 1973 nnd 35 nne of the {ew popadaticns intha
Padific1hat appears te be increasing in numbers |Dalezs
& Chaloupka 2MMa, ke, Haya 2004, Chalowphka &
Mivlazs 2007}, nlong with Ogosowarn {Jlopank and
Herwn lslznel jaustralial (Chaloopha el al 2008 al-
tbonggb the | Jaweiinm oesting papulation is geaelically
dirtinet frem cther Paclfic stocks [Dutton ot al, unpubl,
dala), lherc is na genelic infmalion on stndk composi-
tivm amang PGe within the Hawaiian Archipalega- This
refledds 8 neore generdl imaion b the way sea turtle
rapmiatinne are ilelinmd, akeesend, and nwmnagel. Popu-

B Il -Toe wewdr By FOME - wwevew inil-1 6. L



Dietary Shifts by Green Turtles (Chelonia mydas) in the Kane‘ohe Bay

Region of the Hawaiian Islands: A 28-Year Study’
Dennis 7 Russell? and George H. Balyz?

Abstrace: The green rurde, Chadanis meypdes, has modified its. Eeail.ﬂ behavior
to include the increasing abundance of nonmative algae g‘i greater
Kane'ohe Bay area of ('ahuin the Hawaitan Ishinds Changes in -emf'rhe green
turtle are correlated with an increase in abundance of seven species of nonnative
algae berween 1977 and 2005. Turdes were found to be eating 130 species of
marine vegetation, and the three most common were the nonnative species
Acanthapbora spicifera, Hypnas muscifornas, and (racilaria saliernia. These three
abundant and nuritons food sources are now an important part of the mrde
diet in addition w matve species found in and near Edne'ohe Bay. Chdlenis
mydar hehavior has shifred w include these new seaweeds within 10 years of
their introduction w the region. The twrtles have also gradually included an ad-
ditiomal four | lific dow-growing nonmative algal species { Enchenma demtic-
ulatun, (eraciloria tikvabise, K.:pp.:pjzm strigtung, and Kap alvarezd), but
the time it has taken trdes to include these species has been longer, 20-30
years, after the seaweeds were intmduced. this same 28-vear rime
period numbers of ©_ mydes have increased throughour the Hawaiian Ishinds.

THE FEEDING BEHAVIOR and diet of the her-
bivorous green mmle, Chelenia (L.,
have been the subject of 28 vears of research
conducted berween 1977 and 2005 through-
out the Hawaiian Archipelago and espedally
in the vicinity of Lin-e‘ e Bay, Hawai'i
{Figure 1) green mrde has shown a
remarkable shility o rebound from decline,
largely due w conservation measures, such as
protection from harv and other forms
of mke under the US. Endangered Species
Act, and now the population & recovering
(Balazs and Chaloupka 2004e, 2006). How-
ever, a decline in the somatic growth rates of
the mrdes indicates thar the popubton may

! Mlan osoripr acceqeed 10 July HO0E

* Drgammemnn of Biology, Chemiary, and Eowinon-=
mermal Sciences, American Unirersgy of Shangh, PO
Bex I&fs Sharjah, Unied Arbh Emirses {somal
o e Wilan s e ).

PMOAA, Madora] Marine Fisheries Savice, Pacific
Ishinds Fihenes Saance Caner, 2570 Dol Sores, Ho-
nabholn, Hawa i SEE1T 31068,

Padific Seience (WM, val &3, no_ R181 192
i h9 by Uriversioe of Hawrai i Press
Al righrs ressrved

ching carrying capacity and now
ﬁ food may be lmitng growth ar

some  locatons (Balazs and  Chaloupha

20045). Shifts in the dier of the green mnle

in Kine'ohe Bay may be formitous for the

turtles and their continuing recovery. This

paper focmses on the ahbility of green rurdes

o modify their feeding behavior and rake ad-
of addivional | food sounces.

Al mndestanding all wpecs of
green uﬁhhdq}rm mn:gl for the recovery
-n-F the species (Hirth 1997), one of the mome

portant comsewvation wpics involves mmle
Eeedl.ng behavior, which indudes knowle
aof the species of algse, sea grasmes, animals
and other ivems ©. mydas i eating, and even-
tually protecring the most imporant foraging
sites and food species they are uilizing (Ba-
lazs 1980, Hirch 1997, Russell et al. 2003). It
has been known for many vears that C. meydas
feeds on a wide variery of marine vegettion
(Balazs et al. 1987, Russell and Balazs 1994,
Arthur and Balazs 2008). Data from the feed-
ing habits of C mydas have also been used to
discover changes in the feeding behavior of

o which inchide nonmative species in
its diet, and w follow the spread :fe
maticifornes, a nonmative specdes, from is

181
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Ecosystem structure and processes at Kaloko

Honokohau, focusing on the role of herbivores,
including the green sea turtle Chelonia mydas,

in reef resilience

Colette C, C. Wabnilz'*, George Balazs’, Sallie Beavers’, Karen A. Bjorndal®,

Alan B. Bolten®, Villy Chrislensen’, Stacy Hargrove?, Daniel Pauly’

2570 Dale Strewtl, Ponolula, Hawal'i 96022-2346. USA

Nulinnal Park Servive, Kalohe-Honukahou Natiaonal ITistorical Perk, 73-4786 Eanalani S1., 414, Kailise Kona,
[lawai'i 46710, USA

Florida 32611, USA

"Fishwsies Centre AERL, Universily of British Columbia, 2202 Main Mall, Vancouver, British Columbia V6T 124, Canade
*Martne Turtie lescarch Program, NOAAN, National Marine Hshories Service, Pacilke Bslands Fisheries Scienee Conter,

'Archie Carr Cenler for Sed Tuzlle Resea-ch. and Department of Biology. PO Box 118525, University ol Florida, Gamesville.

ABSTRACT: The lunanal proteciion uf the Hawaunn green tartle Cheloni mpdas in Use 19705 has Ted
o sigmificant increaaes an the nuocher of individuals recorded thronghout the archipelage. Redaced
growlh rates end pror body condition of individuals at a number of foracing sites, including Kaloko-
Honokdhau National Historical Park {Kaloko) suggest that come aggregations have reached carry-
g capacity. Ta belter andorstand the ecological structure and processes of the reef system al the
park, we developed an ecosystem mudel that synthesized availeble data on Keloko lor the year 2005
and included 26 gronys, spanning the entire trophic web, Model resalts skowed that 1he combined
qrazng pressure of the difterent hervore luncional qroups (Le. regl hsh, sea urchins, and green
turths] in Kaloka matched 1atal algal protixton. Sea urchins exerted the strongest control over algal
resources, partly because of their large biomaess in park walers. Besults conlinmed that the Keloke
qraan turtle aggragation has reachod carryng capacity. Groon turtles help maintain low algal cover,
and thos resilienee of reels in the fece o dsthimbanoy, and shou'd be explictly inciuded in studies of
ecosystem dynanics on reefs. Our work also provides a ‘corrent-condition” baseline for Kaloko, and
a valuable lool for the assessment of The Balure manne ecosysten impacts ol projected urban expan-
ston plans around the park,

KEY WORDS: Matine murtles - Ecosystam-besed managemant « Ecopath - Coral reef - Hetbivory -
Phase shitt - Nutnent eanchment - Kana coast - Flawail

Resale or wopetdicalion nel pernttod withau wntlen cousent o the pubdishor

INTRODUCTION

Crazing by herbivores is one of the major processes
structunng beathic coral recl cormununities, Studies
highlighting the role of herbiveres in promoting reef
resilience and recovery Lo coral-dominanted stales,

“Ermal colettie wabnitzi@gmatl com

where dishubance has lel 1o increased algal biomass
(eg TBellwood et al. 2004), have focused almost
exchsively on lish amd sea wrching (Hay 19844,
Carreire-Silva & McClanahan 2001, Mumby et al,
2006a, Paddeck e: cl. 2006, Albert et al. 2008).
Numerous Caribhean reefs have trarsiboned from

D Dntee-Research 20100 - www int-res.com
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Estimating carrying capacity at the green turtle
nesting beach of East Island, French Frigate Shoals

Manjula Tiwari'*, George H. Balazs?, Stacy Hargrove?

"Marle= Turlle Ecobgy and Asesamenl Prodpqm, Prodecked Begalr ey Divialon, Somlhwed Pl Sbenos Conbee,

MO AA-Mutndl darkne Flabedes Secvlos, La Jolle, Cablivonis 32037, USA

*hdrbne Tribe Resarcs Progranl. Packke Bands Pl S e Sy, B0 -3 iound] Barfbs: Feborives Sorv|ob,

Eloooluly. Flawsi BARTE, USA

ARSTRACT: Many rRa 1ndla poplalinns aoe al A Icactinn Al 1keir hidorical ahundanme, and undlar-
aan ditief ecnlgheal proceddas, uhdal cucrem and cllmale change soenacog, 19 erilledl ior eatablshing
Tecovory goals. lo the I Mnwarian Tslands. the nesting popalntion of the grean mnile Chelonie orpces
wn Gusl Island, Fiench Fiigale Shials, las Loy reccvegiog al 4 ale of 5.7 % pe pear. Clioate shange
meed|5_ howewer, predict 5 Toss in nesting hahitat on East Island ol wp o 30% dire 10 5ea leval fse by
TIMML Therrelincer, Thies aslajasclive a1l Ui paesasll slody weas o chielim ik Lher earryisig capacily of Easl
Lzland [or batchlings aoid nesiing fewales under cwrrent coodiliens and predichons of sea tevel dee,
Im |hr smulaticn model, density. depradont nesl destrodion was the poonry [actoc eequlnling
populatan slee. Carcylng capacly was reached between 1.5 and 2.1 milllen haichlings at cwrrent
canditions: camying capacily was appreochad wiven BN (o 120 X nests ware Iaid on the haach.
reqreacn Lioeg 20 (0 e 30000 oo Demeiles, Wille o cene e gen Ievel, i piny copaciby was edelied
when G000 to 100HMME nosts ware laid on 1ho boach. The comenl mean ostimate of 34 mesting
Jemubes per yedr, usier Bl qrasl 10 ye, 2L Basl 3l sepesoms 1.3 o 295 of (lse l2inaler dial would
nesd ak carrying capacity. The beach ot Easl iskaned is well below carrying capacity and is cnpabdc of
sagppmatior o Laccper nestiog pogaola oo, Hewever, e availabilily of swilable coastal Balailaty mey
play & Ligoer vole ta requbabng the Hawalan green buctle popolation than available nestlng babdlat,

KLY WOHPS: Careying capacily ¢ iareen turtles « Chelorr mydas «- Mesung «- Chmate change -
Franch Friggole Shonls - [Inwati

Fasali- we regmfatieest iw s grerrsiial inithow wradbm cweial of B paldisher - - -

INTRODLCTICN

Fomilations of green sea Turles Chefania mypdas

hava dadinad werldwida, and many populations ame

considercd ¢ be at a frecioo ol weir Bsloricsl aboos
dance and environmental carcying capacity |Jackson
ol al. 2001, SeoviwalE b Twari et al. QYOG How-
gvar, pecanl andlyses of qlokeal irenils io g tache
nesting populatons demonstrated 4 promesing. and
snmelines reamarkabde, i case e O posl checades
at sewaral nasting rovkerns [Ejorndal ct al 196, Seani-
nulf 200, Trodng & Rankin 20008, Braderiek et al. 20045,
Chaloupka of al. 2N0R). Amonng thr mnkeies that have
respanded posilvely b lerg-lerm protection is the
grean turtle populalison on East Bland wy Freoch
Frigate Shoals |Baolazs 197G, which lim within thn

" Eronl: manpda. wnrEnne . g

remote Mortthwestern Hawesiian [slands [(Fig. 1), an
ared designalad ac the Papabanawmoebkuakes Manme
Malians! Momwnunl in 2007, Prior le By aad 2ilh oen-
tary, graan Inrles ware vty explodtad for thoic eogns
and weal o lbe Hawadison lands, and [heic nesing
habdtats destroyed. Tesulng im ¢ sewere populaton
deidlne |[Hakars 1446y Halazs & Chalpupka HHMal
Howiwer, profecioo was sioengllwened in the lale
1 by the State of Howaii and the US Bndangersd
§pecien At (Hemwiell & Kewper-Bennett 2008), and e
greoen ndie popuobalion har since Beeo cerovenng
rapddly at a rate of 5.3 % per year [Balazs & Chabooplka
20Mkh, Chaloopka ot 4] MG ower the pasi 35 yr.
Allhoagh geeen turlas nest thraoghont the Morth-
wedlern Hawallan Ialands, abeot 90% of the oesting
takrr plnen in Frenrch Fl'il_:[ﬂlﬂ' Ahnnls {Mnlazs 1080

Er Inler Heseurch 2010 - wrsnwy lot-ces.coun
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IMMUNE STATUS OF FREE-RANGING GREEN TURTLES WITH
FIBROPAPILLOMATOSIS FROM HAWAI

Thierry M. 'Work, * Robert A Rameyer,’ George H. Balazs @ Caralyn Cray,” and Sandra P,
Chamg!

© LS. Gonogical ooy, aliored Wickfic Hoalth Camar, Howalwu Fiad Slalien, PO, Box S0187,

Heorraluha, Flasaii 9EE0, LS

© Halional Kurne Fisisnes Serece, Soulivest Flener cs Sdonca Sarcar, Bonddidl, Loerary, 2370 Dok S
Feaansion, Haoe i EEes, LSS

* Univarsily of Miami Divesion of Comaarsive Pathalegy, FO Hex O18580R-448. Miami. Flrida, USA

© Depsanbiren! of Trogica! Madicare, Deivemity ol Hawal, 28572 Kihees aosriss, Hanslulu, Heseall LSS
=S ne e el ag sull e Juerneels Besry_wans dF usy s gl

AMSTHACT  Cel] cpedictes] weod Sreovore] imomnme stetiae sl e oo ging grecn eelles (Celaniy
erogeieex ] in Maveeaii CLSAT with arg ] wdthone Fhropapilisimamsis (FP were aescesed Tormneed ol
cn-buanorsl turtles froan Kaneohie Bay VKB an the islimd of ©aba and from FE-liec aresas oo
Lhe wesl [KonaBodialay coas! ol the islaned of Hiveadi seerss ser |]'||r 1 from 'l.'|'\-r|| 14805 I:l_1r-::|l_||'_l;h
Fozruaey L Laatles cur abh were grouaped 10230 Ber sevarity of fmmms with 0 for absones
ol tumeaes, 1 T Jight, 2 T oooderate, wnd 3 G joost severe, Turtles soese werghend | straighe
rrarrapres lenplbo ceseoea anad e rogmossion slopas of weiplt oo seeaipht cormpoen length companed
between areups (KEO, KEL KB2, KB, Kanah, Bleul wis saen] for ditferensial white 3lnned
coll court, acmataciit, inovitio podphecal Blood aeononoclear csll PRSI prolifemuriom in the
presenes of concan rvalin A IComA; and phytohsemagaiolioin (FHA), aud prteion sleetrophinmesis,
Uk Ukahi, |‘II"'1T1'I'I|_'||11|"|"._|'||'_I-|‘|I'_H"‘|."|:I,"' retice tnereascd whise eosiocalilf s ybe ratic decrems= with
tnrveasing lonwns soone Podiphiceal oo coonooockzae cell oolifenation iedices for Cona e
P A ancme: ::.Igﬂllir-ﬁnll-\.. ||'|-'u.'\-|'-'| Iesr Loawllaas acib b dpvnier seesmess 2 g 3, Durnor score 5 tiactles CECLRS L
hiad slfﬂuﬁ-:antl'-' lvwrcr hemalzeel, lolal pralein, alpba 1oaopka 2, am] gormme sfobnlins than the
nther four grovape, Mo =IJ'.".§:I:|"E1.-‘|['|. cliflerernees in intmune state wers span brteeesr non-aresred
(oor KL sumtles fromn Crabn gnd TTawmid. There was oo stgnilicant dillarence Bebwess pronps in
repression dones nf boakr condihion o CHPAPACT lengih, W conclude Wil Luetles with sevene FIY
L '||1'II:|1|'|!:.:T{'||_ veseed . T hermone, Uhe ack ol sicnificant Ji0es soee e imonese stalus berwesn
P ) R s B 8 Ee vand KPR turtbkes ||'|'||'|'| Thalvn anad Kosew' B ohols bodicares ehiot i |:|:||_||:|1:|:|n5|_|_1'_|1-_||:'.|-".':|':-n
Wi mot he a prescouisice for development o FR

-l'i'-l'_i, wvervin, el proliferstion asssy, Chedoiia vigoles, Ubropagillomatosis, areen tortle, b
A H B i1'|1r||11|-:|'!|'|!1r_:|.'_ ]'mclrr'iu t]n:tn_'l:'ru:rphn:.ra:ﬁl,ﬁ

IMTRIDUCTION green turtles Laat aErerale in ot ros-
iclesaatial Eorgzing: pastares of aloac and sea
rrues aszocdatzd with all idlands, The ooe
exceplion i the KonawFohala {waest ) const
pf he dzlend of Hereii whore FP haz Tus-
rm-ieal]y becn |:|.|:1.:J._:.-' acaie { Baalaes, 1L,

Filvopapillomatosis (FT s an ctben-Za-
Ll nenpilastie clisease of roarive furles dhat
canses exlerral Hlvoepithelial and intermnal
libermaloms fomars, Fibrogiapillorratosis
e livst dlornmendmd o presen fortles . o e a
leedorda stpedas ) Dron Florida (TTSA G EE'H'IH"":H et al. 2KAHY In 1 Lmaaii, 17 affcols
Sndth oand Ceonles, 19380 ol b sines: imnmnalurc grocn Lurlles penl .‘\.I.-'.".'I.-!In.-'l_:.-', anal
hesn  reperled  in I'-"".:U_-'u‘-'ﬂ:“-'“'-!"-‘: Carerte e presalence i reuch 2250% in0 some
ceret e o alive ril.ill-:_.'.‘"-'i -f]'_.ui-'r':fr_lr_:h.glrya ali-  Aggregatons (ddurskasa et al., 20000 Cor
swpeend Cllerbet, 19947 While many factors N1 genetic evillence indicates that green
haver heen suspeeted to cause FP recent turtles throughont Hewan belong doo sin
Holings apposr to ineriminae herpes v Ele popolation CBewen et al, LH92)
ruscs (Llerbse ot al. BEN; QuackenlnsT et Various investigators have theorizea] im
al, 14k Lackesdch e al, THEEE. Mures uppression g% o contributing or pre-

J"i.]:l]'r:]_'l-:il‘.l:i"la-"ll:ill:-su:-n b o wen hiloci des d]"- sesinn: cuuse of FE Agniree el al {1a8s;
distribkicn o mseine Toetles CFTerlst . crane ]III]I"I] il j_lrl‘|_1'| tartles whith ¥ I-" WETE
kbl In Bl (0T5AL FT i fooond in imnomesuppressed based on hanphoperio

add
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Bacteraemia in free-ranging Hawaiian green turtles
Chelonia mydas with fibropapillomatosis

Thlerry M, Werk' ', Gearge H. Balazs®, Mark Walcott, Robert Moreis*

ns Gaplogbcal Suraey, Madooal Wildlita 1Ieobh Cenlor, Ilawell Ficld Sistion, 3 Al Mosoo Tiwd, Roomo 3231,
Honsh 1L Hawall 5T, T5A

InnHanad Marime Plcherles Servdee, Soolvwest Bsherles Schooon Cexber, Ilanodulo 1ahoratory, 2570 Bole 5t 1Tosclolu,

Hawall pEa2z, 1154
’[JSGhn]ngImJ Soney, Matooel Wildlibo [{esllh Center, 808 Schroeder Eoed, Madleon, Whcondin 31711, USA
Hrakuhl anlmal (3bndr, 320 LAenie S0, Kallua, Hawall o#334, 1154

ABSTRACT: Past stwdiss of Ires-ranging green urtles Cfialaniy mpddes with Ghropapillomatuosis [FP}
in Hawaii bawve shown that anlmals become mmuncsuppressed with increasing severity of this dis-
eqase, Additionally. prelmminam™ dinicul pxigminarion f musiliood Lectles willl FR sevslod Dl suomse
fnbnals were ales haciero sl We tesiod |he bypothesis that baclpraemia in e turlan k pssprinied
with e sevarnty of FT- We captored Icga-ranging groan tudlas From atens in Flawneii whore TP i
dhsenl, and Breat where FP hna been ebdemle alaee the Jate 1933 Hach lurlle was qiven an FI?
severily 6rare ranging feom O oo wmours] to 3 (severoly affected] & fifth category included tuilcs
thet weoe stcanded ashoce andgd moribund wilh FP. e Eoond thad the percenlooge ol lucley wilh boe-
teraemla increased with the severity of FT%, aod that the magerity of baclara cultured ware Yibrospp.
Turlles wilh savera TP wern marg susceplilile b hnrtnenenia, penbatdy in patht dods o imiooeaoe
Sippredskon. The pallern of bacleraaraia 1o relation 1o severdny of dlsease sitengthens the hypothes=
ihat ymmonoswppresslon 16 4 sequel to PP,

EEY WORTIS; Racters - Harcleenemin « Chelorin mpdas - Green hadla « Hoemalolagy - Viboo

Fultlmhkiud] Funaury 22
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INTROLUCTION

Fibropapillematasis [FP is a glebally dstributed
neoplaslic disease of marse locles. The disessc
ansas @xtermal and internal tamenrs and dabiitnticon
Lvat vralnly aflfecls imemalure andtwdls {Herbad 18845,
Althawgh FaAdnms such as cantaminwnts [(Agwirne ¢l 7l
1Ha), parasites {Dabey & horns 1% Aguirre et al.
1998], swiad 1odeingg feeeins {1y nels ey 4 4l 1899 haue
baen suspected of contdbutlng to PP herpesviouses
dppeear b be a colobn detdoanalor (Hesbsl et al
1508, Chuackenbarsh =t il 19545 Lackmrich ot 11, 1999,
Lw an al- 20001, Howewar, attampte 1o cullurag Lhls witus
In the jaboratory have heen wnsuecessiul, abd Koch's
postulntos have nod baan Fulfilled.

[n Howail prevalence of PP o immature green lur-
Lhed Chalonla kipdas Hoctwales Tuiwsen Q60 atel G0 %

'Emnal: Thiprmy ek Ess. g

depending on whera and how animals are samplad.
The disesne is presenl iq tortles Ioom all tha mein
Hawatian selande excapl the Kona/Kobaby (west] ooaat
ol e islandd ol I'lawaii, where P has bisloccally been
raTe [(Bnlazs 1991, Murakawan at al, 1984, Bolazs of al.
ZULHA|,

The pathnphysinloary nf P in grRen 1urfles remains
alusiye, Debnlitatlam irom wmcur keads wovedvtng the
eyes and meuth {Bolaze ot al. 1947 certainly explains
why anlmats with severs Fl* strand or becone emad-
aterl. However, seyire debililation alug oetes i buo-
s with Eow exteemnl or iolemel LumonTts. Pl.ﬂll'il.'l'ﬂ ol
al, 11995y cancluded that tortlea wilh saevera FP were
stre==erl mnd immunnseppresscd bascd on heematlals
ey md bloned cogtied levals, Woerk & Ralpzs (153%Rnnd
Waors ol al. (2001) showed, through immone uesciion
Inqts abd haerpstolgy, thal imvdooslppression in

2 Inter-liemeanch EUNG « wharw k- res. o
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Retrospective pathology survey of green turtles
Chelonia mydas with fibropapillomatosis in the
Hawaiian Islands, 1993-2003

Thierry M. Work'™, George H. Balazs?, Boberl A. Bameyer!, Roberl A. Morris®
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ABSTRACT: We peciopeizd 265 stvannded green turdss Chedemia mpaas vith fibropa pillomaiosis t(FT)
frewm the Hawnniien Islaneds, Bocch Pardfic, Trom Asapesl 19375 throangh bday 2001 OO0 These, ZE4 (#4550
were eylbhanized doe 1o advanced PEand the remalnder were faond dead 10 fresh conditben, Turtles
wrrr assignred H standarctized lumer sevcdby scone reondging from 1 (Lghtly lomoced) e 5 jheeaviby
teadiared). Turwers wers coutbed amd measiared and calegoloed ay cxternal, oral, or mbernal and Lis-
sies punlunted by lighl micraxonny. Tonlas io (amnre seara 2 and 3 crakagorias peesdnninadad, anck
Puar scote 3 teedes were sigatficandy lrger Uian the ather 2 eaeeorbes. More |wveniles siranded
than subadults or adulis, Total croes-sectional atem of tumors mcransed siguificanthy with straight
curapace longth {SCL) Fregquency distrilbation o tolad ownber of cxlernal bomooes per turkhe was
sumilicantly skewed to 1he righl. and thers wera sigmificantly moTa tumars at the front than cear of
Icriles, Eigglary preoncenl sl Luables had oral luowe, 4id 51 % ol oules wilh oral tomors bad bemosrs i
the glottks, Thirly-ninee perccnt of (wrles bad intemal neers, most of them in the lang, ¥idney and
hcar Cibremas prisdominaled i lutey, kidwey aml oiuacoloskelslal syababn wlversee pyesoli o omas
wera mere osommen in inlestines and spleen Pibrosarcomar of Jow-grads malignaney warg mael
Irequent io fbe Dezirk, andd hear Lunieks bad a predidecilon Toe the dglit alduoe. Tuedes wiin FF hod
siynilicant adadliional funplcatoomns Inciuding inflannnoton with vascubar llukes, bacterlal infectons.
onr hly cendilien, ancl oeorosis of =41t gland. Turlles with ol tumors weee moere likely e have
secndary coun phcations such as pnesmoenid. Mos) turldes came Erom the islaod of Oaha [749%)
lallowed by Mok (2%, Flavean, bcdokai, and | anai (3% cach, On Crako, significantly morz 1or-
Ues wite srecowpsicd sbianded alooy Uie oo b essbennd and oo ibeeasben sl e,

KEY WORDS: f(Green turtle - Chelonis arpeas - Fbrepopillomalusis - Palhology - Gpasendiobugy
S e Kekbh:ul FefbDsalon Bir pAIUmbed trIRhAR 1T Couret o e Aurbdbier
IWTHUODTHCTICN & Chaloupha MM However, bealb isess conkeens

The Hawailan Islands in the Noth Pactiie have 2
sqirrdes 4l aoiarime Liartiees Beat livee io cisasldl dreos, Lhe:
bawksbill Eretrichelys imistcatr and the far more
numecous green wrile Cltelonia rekelas. Shoce greed
wriles were: [isled a5 threpiened and proteetcd io 187E,
nubers of nesilng lemalos al French Frigate Sheals,
Ltha primary nasling groand Incnbed in e podhwas.
orn Howailan fslands, have increacsd siequlily [Ralars

*Emll: thinmmy wncefsgs.goy

1o k2 of concern 1o The management aod reovery of
the Hawallan yrean Qirte population (Bakaze & Pooley
1061, Ageirne el al. 193560, Warrk el al. 306

hdosl research oo heahl of green turtles In Haw.al bas
lotused v atopaplilomalesis [BP), & neopaslic condl-
tiom Lirel dbescribed in green turtles from Plorda Smith &
Coates 1028 FP 15 manileciad by cxiernal and iniernal
lumnrs (I larhst 1M, amd in mare sevgraly alfscbed
Wwirtles by anemla, leukopeni and  beverophilla

0 lobar-Hrsaarch 2H - woearw . mt- res como
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EPIZOOTIOLOGY OF SPIRORCHIID INFECTION IN GREEN TURTLES (CHELONIA MYDAS)

IN HAWAII

Thiemy M. Work, George H. Balazs®, Jody L. Schumacher, and Amarisa Mariet
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Tiznw egg hurdens docmased with
was fiound between tissue egg burdens and sex or Sbropapillometosis stams. Tissue egg burdens inomased in hutles from southeast
mmhhnﬁﬂmﬁmmmu}ﬁuﬂ mmmmmmﬂymm
ronmant, thet infection lemls decease with age, and that

mdmmmmmﬁmmmﬂhMMthhmm
Tuggests eithar that turtles are less susceptible to infection with this pamsite or that the parasite is outcompeted by species of

-:d.ﬂ.'.u.r.mi.w Gn-:.lutﬂn!lﬂhspnmsmﬁ:minﬂuﬁuﬁﬁ and othar oceans, thery are not likaly endemic

The major health ismue affecting green hurtles (Chelonia my-
s in Hamrail &= fibropapillomatosis (FP), a neoplastic disease
that is 3 significant canse of smandings (Murakawa et al., 1999;
Work et al.. 2004) and that presents complications sach as im-
nmosuppression (Work and Balazs, 1999 Work et al . 2001)
and bacteremia (Work et al, 3003). A high percentage of turtles
with FP in Hawaii (Dailey , 1992; A mmime et al., 1098) and the
Pacific (Gordon et al, 1998) are also infected with blood fakes.
Blocd flukes (spirorchiids) could play an etologic role in FP
(Diailey and Momis, 1995), but more recent evidence implicates
an FP-associated tartle herpesvine (FFTHV) as the most prob-
ahle cause of the disease in Hawail (Cuackenbush et al, 1998)
and Florida (Lackowich et al, 1900). However, given that most
that these pamasites can canse sipnificant pathology (Asmrme et
al.. 1998; Work et al. 2004), understanding their epizoctiology
may shed light on their role in the health of sea tortles, thereby
aiding conservation effons o recover the spedies.

Four species of spirorchiids in 3 penera (Loeredius, Haopal-
otrema, and Careffacola) have been described from Hawaiian
green rtles (Dailey et al, 19932 1903). Adnlt worms infect
the vessels of various organs, where they copulate and ovipasit
Epps migrate and lodge in tissues, where they elicit a granu-
lomatous response in mmltiple orgams. Adnlt worms can cause
severe vasoulitis (Aguime et al, 1998; Work et al.. 2004). De-
tection of infection with spirorchiids in tarles usually is done
at necropsy, when adult womns or eggs are observed either
Erossly of at microscopy. Antemortem detection of infection is
more difficult and omrently limited to serology. Graczyk et al
{1995) nwsed enzyme-linked inrmmoesorbent assays (ELISAS) to
detect amribodies to aduli worm anfigens in Hawaiian green
tartles and foumd T1%: to be seropositive in Kaneche, Oalm
{whers FP iz enzoofic), and 100%% to be seropositive oo the
west cpast (Fona) of the island of Hawail, where FP mrely

Escatved 24 Awgust 2004 revized 18 October 2004 accepted 21 Oc-
tobar 2004,

*MNOAA Natiomal Marine Fishonies Service, Pactfic Islands Fisharies
Science Ceoter, 2570 Dole St., Honoloha, Homasi $S8E22.

T Current Address: Hawaii Instihoe of Maniee Bielogy, University of
Hooaii, PO. Box 1348, Eanocha, Horerii $6744.

oooars. Those authors conchoded that no association existed be-

tween seropositivity to spirorchiids and FP statns. Herbst et al
(1908 used ELISA to examine green furtles fom Florida for
exposme to spirorchiids and imemmehistochemisiry o measore
antibodies agaimst FFTHV, they also found no associaton be-

Serclogy is usefil to detect exposure of sea ntles fo spiror-
chiids, but it does have limitations. Serology may not reflect
the intensity of infection with spirprchiids, nor will it indicate
the relative rele of individual species of flukes infacting turtles
(Herber et al, 1998). Existing smdies (Graczyk et al. 1995;
Herbst et al, 1908) have examined serclogy against adult
WOoITts i immmature notles within foraging habitas. However,
a more conplete pichure of the epizooticlogy of nfection with
spirorchiids in nortles might be gained by examining serology
against both worms and egps in other tortle life sfages (hatch-
can be confounded if amimals have concomitant imfections with
otiher helminths (Alarcon de Moya et al, 1906). Our objectives
in the present smdy were, first. to evaluate the serclogical re-
sponse of various age and bealth categones of sea nuries
against spirorchiid worm and egg anfizen and, second. to ex-
spirorchiids in stranded turtles and serclogy, body condition,
and FP arden.

MATERIALS AND METHODS

Froe-ranging turtles were captored on a nesting beach or i coastal
watars nung tangle notz, SCUBA, or snockeling. Turfles wars bled Srom
the oervical simns (Owens and Fuiz, 1980) using 10-ml syrmges and
20-gmagn, 2.57-on mesdles. Blood was collecied n beparin {7 T ml),
cantrifizged at 300 g for 10 m:n, plazrea harvesiod, and stored fozen
{—70 C). Immmarnre turtles were sarpled Som Kaneche Bay, Oalm, (2
FP anznotic area) and the west (Eona-Fohala) coest of the island of
Hoapraii (an arca whars FP' is ramly cbsarved). Haschlng= and nesting

fom Sea Life Park (SLF), Oalm. Some of these tortles wers then trams-
located within 2 mo of haiching to coastal holding ponds at the Mauna
Hororaii

Strandod turfles that ware moritund mnd fudged to hove poor prog-
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In vitro biology of fibropapilloma-associated turtle
herpesvirus and host cells in Hawaiian green turtles
(Chelonia mydas)

Thierry M. Work,! Julie Dagenais,” George H. Balazs?
Joanne Schumacher,'t Teresa D. Lewis® Jo-Ann C. LEDI'IQ,E
Rufina M. Casey* and James W. Casey*
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SN0 AA-National Marine Fishenies Sesies, Facife llands Fishenies Seience Canler,
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Fibropapillomaioas (PP of green urlles has aglobal distrbution and causes debililsdng furmouns
of the skin and miemal ongans n sewral speces of marmne ludles FP & assocabed with a
presenily non-cullivable sphahepesvrus Chelomnd fibnoapapillorms-associsded henpesius
{CAPHVL Our aims wens io employ quaniaine PCR largeted to pof DA of CFFHY 1o delesmne
(i) if DMA sequesters by umour size andior cell type, (1) whaether subcultudng of cells is a visble
siratery for maatng CPPHY and (i) whether CFPHV can be induced 6 a lytie growth cyele in
vifme usang chemical modulsions of repleaton (CRs), empesre varsdion or co-culivabon.
Addibonal obgectives neluded determrng whether non-tunour and umowr cels behave
differently in vifre and confsmng the phenotype o cultured cells wing cellHiype-specific anigens_
CPPHV pol DNA was preferentially concentraled n dermal fbroblasts of slan wurmouns and the
arnount of viral DMA per cell was ndependent of umowr size. Copy number of CRPHY pof DHA
per call rapedly decrensed with call doubling of tumbur-derved fbroblasis n culus. Atermpis to
nduce viral repleaton n known CEPHV-DMA-positive calls wsing fempesiue or CMR faled No
mgnificant differences wene seen n in vl morphology or growth charactenstes of fbroblas s
from tunour cells and paired narmal skan, noe fom CAPHY potDH A-positive miestal umouwr
calls Tumowr calls wes confened as fbroblasts or keralnocyles by posiee starmng with ant-
wirnentin and ant-pancylokemtn antbodies, mepectvely. CPPHY contmues io be refraciony o in
vifm cullivation

1995), and molecular studies comsistently show alphaber-

Fibropapillomatosis (FP) is 2 neoplastic disease of marine
turtls; it has a global presence and cawses significant
external (skin) and imemal (organ) tumous (Hedbst,
1994). FP is a mjor cause of stranding of green turtles
(Chdovia sydas) in Hawall [Aguirre et al, 1908
Chaloupka et al, 2008 Work ef al, 2004) and Flords
(Foley et al, 2005], but prevalence of the disease in Hawaii
has been in recent yvears for unknown ressons
FP i transmissible using cell-free filtrates (Herbat et al,

1Prosomt address: Tufls Unversity, Cummings School of Velerinaey
Madicne, 0 Wesoro Road, Morth Geadion, MA O 538, LS

pesviral DNA sssociated with tumour tissue in green, olive
ridley (Lepidodielys olteacea) (Quackenbush & al, 2001)
and lopgethead (Caretta caretta) (Lackovich et al, 19949)
turtles in the Pacific and Atlintic ooeans.

Both spontanecus and experdmentally induced fibropapi-
loras have been damcterired esternsively on the basis of
gross and microscopic morphology, revealing that htic
viral production, a5 evidenced by intranuclear inclusions
with viral particles, is rare and limited to epidermal layvers
of the tumsour [Herbst e al, 1999). Greenblatt et al (2004)
found higher level of Chelonid fbropapilloms-asociated
herpesvirus (CFPHV) pol mBNA expresion in the

011850 Panied v Geaf Briain
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ARSTRACT  Estimates of chimmic dissase prse
akemsce are neesded to improve our usderstand-
:i:'h_g of marine disease ﬂ]_'.i::tm‘l:i-riﬁg", which is
pedy knevemn for nm-.u'u- megafavma such as
marine: turtles. An em worklwide threat
o grﬂe-n mem tartles } Edl:ﬂiﬂ m!;dﬂ.-l:l 15

omatoss { FP), which is a
'E:Trm-ng dhisenme ammse ated m-u]'-:l
dﬂ'nm in

vinmes, We reqort om J.EE-}-T FF
the Hawaiian Archipelage amd s that
apparent dlizemme Ijrwa]ﬂ'hnn- in the wodds
main  emdemic hot spot  increassd  mpidh
follwing a late 1950s outhreak, peaked during
thees = 159800, amed then decline !'I:lﬂ.dl]}"ﬂ'l‘-f
snce, While this dissase is a major conse of s
turtle stramding in Heawaiian waters and can be
fatal, we abo show that derm tharmar
srmesgon can ooeur even for turtles with
anced FP. The ewdemic Hawaiian greon
turtle: stock was severly depleted by overes
itatiom 1'.|1'.|m' s Pmtrd:tm under the US
Endan gered Species Actin 1978, This stock has
increassd sgnificantly ever simce, despite ex-
Wlmma.nujnr dwnﬁcdkmﬁtri&enﬁ that
is currenthy declining,
Ky woreds:  Chelonia mydas, fibropapilke-

Tretessis, ETem sea tirrthe, e me rp:tm‘hr_

Chronic and acute diseases are a major
coneern for the health of human popala-
tiong and are subject to exdensive research
(Anderson and May, 1991). While our
knowdedge of acute disease impact on
free-ranging marine wildlife & increasing
(Harkonen et al., 2006], thiz iz not the case
for chronie diseases; this is mainly due to a
paucity of long-term information on dis-
ease prevalence or inddence (Harell e
al., 1999 Llovd-Smith et al, 2005). The
green 2ea turtle (Chalonia mydas) iz one of
the long-lived hte-maturing werehrates
that comprise the charismatic marine
megafauna (Chaloupka et al., 2008a).

Many green turtle populations have been
depleted by exploitation, leading to con-
cern that the des might e globally
endangered (Chaloupka et al, 2008a). An
emerging worldwide threat to green tur-
tles i Ahropapillomatosis (Herhst, 1984,
which iz a mi¢ disease associated
with the presence of herpesvirmses
(Gresnblatt et al., 3005).

Fibropapillomatosis (FFP) is a neoplastic
digease invalving tumors in multiple cuta
neous sites and comnnective tissue tumors
in the viseera (Herbst, 1994; Fig 1A).
Filropapilomatosis prevalence has appar-
ently increased over the past 2-3 decades
in green turtle populations in Australia,
Indonesia, and the US (Herhst, 1994
Chaloupka and Balaes, 2005; Foley et al.,
2005; Greenblatt et al, 2005). Tt is
believed that FP might impair recovery
of depleted populations (Herbst, 1984;
Ene et al, 2005), especially the green
turtle stock endemic to Hawaii (Balazs and
Chaloupka, 2004; Chaloupka and Balass,
2005). Despite a global distribation and
high prevalence in some populations
(Herbst, 19094), there has been no long-
term assessment of FP for any marine
turtle population (Chaloupka and Balass,
2005). Long-term assessments of the
prevalence of major chronic diseases like
FF in marine vertebrates are critically
needed to improve our understanding of
marine disease epimotiology (Harvell et
al, 19099).

We reviewed FFP disease prevalence
data for a green turtle population that
has heen monitored each year since 1982

1123
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Land Use, Macroalgae, and a Tumor-Forming Disease in

Marine Turtles
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Abstract

Wikdllife diseases ane & inoheaing comncenm for P ecied obndervation, but thedr oocummnce, caides, and human
influence ane often whlmown. We snalymd 3930 record s of stranded Hewaiisn gresn e turthes iChalons myda] over 28
years o understand fibropapillomatosis, & tumor-lonming didesse linked to & henpeivins. Torle sige B & consistent risk
factor and sire-standardived model revealed considemble spatial and temporal varisbility. The disease pesked in some
aineas in the 19908, in Sofme negions rabes remained constant, and ehisswhen rates incmated Land ute ondhone of wiene the
turtles feed, may play a role. Bevated disesse rates were dustensd in watersheds with high nitrogen-dootprints an indes of
natwral and anthropogenic factors that afect coastal eutrophication. Further analysis shows strong epidemiclogical links
betwesn disease rated, nitrogen-footpdnts, and invaiive macroalgse and points to (o ging ecolodgy. Thede turles mow
foragpe on invasive macroalgae, which can dominate nutrient rich waters and sequester envinonmental N in the amino acid
anginine Arginine i known to regulste immune sotivity, promote hempesvinses, and contribute 1o tumor fonmation. Ouwr
results heve implications for onderstanding diseases in squatic onganisms, eutrophication, hepesvinses, and tumor
forma tion.
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Introduction

Comhined with overexploiftation, hahitat losms, and chmate
wirldhwide [1,2]. Marine mrtles suffer mmeroms  populaton
threats [3] with gremn =2 mnles (Chémis wydes) affiiced by
fibropapilomaingis (FF) a debifitting mmor-irming disese [4].
Whils surveys show key green mrile populations are steadily
growing [5,6], FP remain widespresd and #is ongins ame
mimmyn Here we present a spatial epidemiology from 28 years
of disease recmnds from the Hawafian popuolation of gresn turtles.
We constmct time series of disease mates, address the spafial scale
of varizhility, and examine the role of lnd use and imashe
Tk

Farly hypotheses of camsal factors of the dismse sxamined
vasoular remaindes and toedns bot rembts were inconchsve [78].
A vial orfigin for FP hecame apparent offer sxperiments
successfilly fransmitied the disssse using cell-free mmor exmacts
[H. Later studies identified z-herpenimses o= the leading
candidate afier their IINA frgmens were disooversd in mrile
mmors, ot were ahsent in mmor-fres trdes [10,1 1]. Subsequent
mesuls ako showsd sampled herpesvirmses had low genetic
varighifity [11,12] imphing contact tensmisbon, perhaps via
ectoparasites [13].

Further advancss to mmderstanding this disease have hesn
Emited by the inherent complexities of epidemics amd their
emsystems [14]. Infections diseases imohe indhidual susceptibil-
ity, exposme, infection, and immune responss. These phases ofien

operate  independenth; interart in nonfinear ways; and vary
mxlels [15], for example, can predict the course of many disesses
b their host population density. Thes: models are intnfive, o=
ommmunicable diseases offen spread rapidly in dense populatons.
Understanding the varishility of FP, however, is Hely mone
ommphicated than transmission dynamics alone. Tn Hawafian gresn
mrtles, for example, FP become prevalent in the 1980k, and
apparemly peaked in the 1990s [16,17] tough the mrle
population has grown comtinually [5]. Furthermore, mecent
phylogenetic anahmes of the implhcated heapendimss show low
muhifity and cosvnlnfion with their turde hoss over millions of
years [12]. Investigating facinm that can promate dsmse mch =
emwvirommental [18] o d$etary condifions [19], may therefne
rovide insighis.

Green nrdes develop FP (Fig. 1) only afer recmiting o
nearshore habitat [17,20] indimfing thess snvironmens ane
influential. Most Hawaiian green turdes hatrch in the Northwestem
Hawaiian Islands (WWHIL 900 bn from Honoluh) and spend
0 & decade in pdagic waers [21]. Juveniles recroit to nearshone
waters at around 35 om sieight carepare lkength (30L). Here
mrtles maintin satioemporl fdebty to specific marroalyze heds
in shallow, nearshore sites [16,23]. Affer reaching ~80 cm 3L,
individuaks seasonally migrate o the NWHI to hresd There they
spend months, afterwarnds retum to thedr fraging sies in the Madin
Hawaiian Islands (MHI), and subssquently bresd svery 54 or
e years [23]. Therefore all neritic green mrdes are chronically
amd bocally inflnenced by their kocal nershore habitat inothe MEIT.
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Abstract —Diot analysis of 52 log-
gerhoad saa tartlos (Carefio carefta)
enllcciod as bycatch from 1890 to 1992
in tha high-scas drifinat fishary oper-
ating betwean lat. 29.5°N and 43°N
and between long. 150°E and 154W
domonsirated that thase furtles fod
pradominately at the surfaca; fow
doapar wator proy items ware pras-
ant in Eheir stomachs. Tha tartlas
ranged in sizo from 13.6 to 74.0 cm
curved carapace length. Whala tur-
tles (a=10) and axciscd stomachs
{m=42} wara frozen and transported
to a laboratory for analysis of major
faunal components. Neustonic specias
accountad for four of Ehe five moat
eommon pray taxa. Tha most common
proy itoms worae Jarthira spp. (Gas-
tropoda); Caringrio citharo Bonson
1B3E (Hataropoda); a chondrophore,
Velella velella (Hydrodia); Lepes spp.
{(Cirripedia), Plaaes spp. (Decapoda:
Grapsidaa), and pyrosomas (Pymssma
spp.k
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Loggerhead sea turtles are circum-
global, inhabiting temperate, sob-
tropical, and tropical waters of the
Aflantic, Pacific, and Indian Cceans.
In the Pacific, loggerhead sea tortles
have been found in nearshore waters
of China, Taiwan, Japan, Anstralia,
and New Eealand and are seen in off-
shore waters of Washington, Califor-
nia, and northwestern Mexico (Dodd,
18988; Pitman, 1980). Mesting in the
MNorth Pacific Ocean oceurs in Japan;
there is no known nesting in the east-
arn Morth Pacific (Mirgoez and Vil-
lanmneva, 1982; Fraxer, 1985; Bartlett,
198%). Trans-Pacific migrations of
Jjuveniles have been docomented from
mitochondrial DNA analyses of indi-
viduals found feeding off Baja Cali-
fornia. Bowen et al (1985} identified
these Baja sea turtles as originating
from Japanese rookeries, although a
A small percentage come from Aus-
tralia. Recent research indicates that
all loggerhead sea turtles found in the
oceanie realm of the central Morth
Pacific Oeean are of Japanese stock
{Dutton et al., 1948&). Tageing studies
in Japan and the Eastern Pacific also
demonstrate transpacific migrations
of loggerhead sea turtles between the

east and west Pacific (Balazs, 1988;
Resendiz et al, 1998; Uchida and
Teruyall.

Recent oceanic satellite tracking
studies of loggerhead sea turtles in-
dicate that they are active in their
oceanic movements. These tartles
follow subtropical fronts as they
travel toward Japan from east to
west across the Pacific Ocean, often
swimming against weak geostrophic
carrents (Polovina et al., 2000; Po-
lovina et al., 2004). One hypothesis
discussed in Polovina et al. (2000;
2004) sugpests that this species ob-
tains prey items from the subtropd-
cal fronts along which they travel. A
sharp gradient in surface chlorophyll
is observed along the main frontal
area where these turtles are com-
manly encoantered. This frontal area,
the transition zone chlorophyll front

! Uchida, 8., and H. Teruyaz. 1091, A)
Transpacific migration of a tagged log-
gurhoad, Corsita caretia. B) Tag-ratarn
rasult of loggerhoad releascd from Oki-
nawa Islands, Japan. [In Intarnational
sympasium on saa tortlas "BE in Japan
(1. Uchida, ad.}, p. 168-1E2. Himaiji City
Aquarium, Tagarayama 440 Nishinobu-
sua, Himaji-shi, Hyoyo 6TD, Japan.
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The Kuroshio Extension Bifurcation Region: A pelagic
hotspot for juvenile loggerhead sea turtles
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Abstract

Saielbie islemetry of 43 juvenle logperhesd s turiles (Caretta caretta) m the western Morth Pacfic togsther with
salellibe-remaoiely sensed oceanographic data identified the Kuroshio Extension Bifurcabion Begon (KEBR) a3 a forage
haispaod lor thess uriles. In the K EBR juvenile loggerheads regded in K umsahio Extensom Currenl (KBEC) mesnders and
the asocaated anbi-cyclomic (warm cone) and cyckmac {cokl cone) ediBies dunng the (all, winter, and spring when the KEC
waler comizns high surface chiorophyll. Turles often remmmed ai a specific featume for several momths. However, m the
summer when ithe K BEC walens bacome veriically siraified and suface chlorophyll levels are low, the turiles moved norh
up bo Gl e from the main axs of K BEC o the Transton Zone Chlomphyll Front (TACF)

In some malances, the loggerhesds swam agamai geosimphi ¢ currenls, and sessonally all turiles moved norih and south
across the stromg romal flow. Loggerhesd turiles traveling westwanl m the KEBR had thar directed westwand movement
medduced 50% by the opposng curnent, while those iraveling easiwanl exhibibed an meresie m direcied 2oml movement. It
appears, therefone, thal these rdatively weak-mammmg juvenile loggerhesds am nol pasive drifles in 2 mejor ocesm
current bul ane able 1o move aasl, wesl, north, smd souh throwgh thes very energeiic and complex habaiai.

These resulis medicaie thai sossmic negions, specifically the KEBR, repr=tent an imporiant juvende lforage habaial for this
threatened speces. Inlerannual aned decadal changes m produdivity of the KEBR may be mpodant o the speases’s
populaion dynams. Furiher, conssrvabion eflfons should focus on identifymg smd reducmg thresis o the survival of
loggerhead turtles in the K EBR
5 2006 Ekevier Lid. All rights neserved.

Kgwerde Loggerhead torils; Transison Zone Chlorophyl]l Front, Koroshio Bxtersson Bifurcation Regon; Saielite altimsiny; Morsary
gronnds hahitat, Genstrophic flow

1. Introduecton

e . The loggerhead turtle (Caretie caretia) is a
Ciormespondin thaor, Tel: + 150859 S35,
B +|mm£ o e threatened amd decliming species in the MNorth

E-mail addrese Jeflrey Polovina@Enoaa gov {J. Polovina) Pacific, where its ecology and life history are not

CET0645 5 - e fromt matier 5 3006 Elsevier Lid. All rights resarved.
doi10. 1006/ j.der2 2006, 01006
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Pelagic habitat characterization of loggerhead sea turtles, Caretta caretta, in
the North Pacific Ocean (1997-2006): Insights from satellite
tag tracking and remotely sensed data

Donald R. Kobayashi ***, Jeffrey J. Polovina®, Denise M. Parker™*°, Naoki Kamezaki®,
I-Jiunn Cheng®, ltaru Uchida f Peter H. Dutton®, George H, Balazs®
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Almirect

We amahyred saellie track dad for 186 loggahead s toriles i the Morth Pacific (Ocean msing remotely semsed emvironmenial data to
characterire pelagic hahitt A large mumber of candid st habitat varishles wore merged io the miellite track data and satistically aompared to
ackgnomd valoes over a large spatiossmporal grid which boonded overall o ccopancy. Five satistically significant varish les wess identified oot of
the 16 emvironmenta] vasiables examined. Two of Shese vasishles have sirong seasomal, interanmmal, and spatial paserns (5o sorface empaatme
and chlorophyll @ conceammtion]), while three others were primarily spatial (mrth magnetic fore, st magnetic dedimation, and easth magnetic
indimation). Hahitt sdectivity for thess variahbles v quantifisd osin g pefarence corve meathodol ogy esahblished in the foraging liersne. The
onipnt fom the selectivity oorves was meed to pradict o molthaniase loggerhead s=a forile habitet index aconss the paagic Nosth Pacific. This
predicied habiist was gmmnd-trothed with newly availshle saellie madk dat.

© 2008 Fleevier BV, All rights renerved.
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1. Introdsction

The spmtial diarboton of pelagic organims & dewermined by
pivvsical-Bweing mechan ans (winds, waves, curmenis, tides, ez )
coupled with aciive movement procesaes by the omanins Large
pelagie meerofauns mech s nelion (by definition) possess good

* Comspending wier Peses atdes Pacifa ldesd Filess: Scemce

Cestes, Maniceal Masie Fibesies Service, Maziceal (loeasic asd A Suwpies

Admistossive 115 Depussest of Comswerce, 2570 Dole S, Hosoduly,

Hiwaii 978223396, LSA Tel: +1 S 533 994 hix +] 208 953 1902
E-madl airees: Dosald K cbayasbifiisa gow (DR Kobaymki)

0T HELE - axe Bond snseyr D 7000 Elevisr BY AL siphs sl
i L DB s TODT_ 12D S

it g abdl iy and ean regulae thedr location sctively. Despite
the spparent huom ogenea ty of the open ocesn habiist, momy scales
off structune in the physical envinnment can be wed by nekionic
drganians o ool and mantin pasition in preferned habitst
{Longhurst, 20d6). The diarbuion snd shindance of most
andied neldon exhibi this prpe of paterned occupeney, La., they
am nol smmply dsribued randomly or unl formly throughout the
o Ocesn. Sea wrlles se one such group of nelon which
i splenys stuetned pelagie disributions (Carz, 199 7; Luschi etal,
A3 Polowina et al, 2000, 2004), presumsbly via some
component of scive orentsiion sinee even hachling ses turiles
poses good swimming shility (0 Hara, 1980; Devenport and
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Loggerhead turtle (Caretta caretta) movement off the coast
of Taiwan: characterization of a hotspot in the East China Sea
and investigation of mesoscale eddies
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Kobayashi, D R, Cheng, |4, Parker, D M., Polovina, | |, Kamezmild, b, and Babe, G H. Loggerhead turtle (Canetta caretin ) movernent off the
cmst of Tarean: charadermtion of 2 hotspot in the East China $ea and investigation of mesoscale eddies. = ICES Journal of Marine Science,

doi 1001 093 ficesjme Fuq185
Receied 15 Agril 010 aceeped 7 Qcuober 2010

Sate liite tags were attached to 34 nonseproductive loggerhesd turtles (Caretha aoretta) caught as bycatch in the Tawanese cosxstal
poundnet fehery Fom 2002 to 2008, Transmision durations ranged from & to 503 d (median 172 ), with 5860 d tracked in total
Horipontal track data wem procesed wing the Bayesian state-space modelling to evract the mast likely daily positions, taking
inte acouwnt ARGDS data quality and other forms of statistical emor. A region of high ocoupancy in the Exst China e covering
433 549 km® of coastal and pelagic area nest to Tanan, China, |apan, and South Korea, was dharacterimd from the tracking data
Varioas at tribut s of this hotspot are described wsing satellite tracks and remotely sensed data. The tracks wes menged with oceano-
graphic dats, emphasizing 3 new global datsset charactern ng messcale eddes from stellite sltimetry data A prosimity-probability
approach coupled with odids ratio testing was wsed to infer orientation to eddy kstures. Comparisons agsinst random points, simu-
st particle tracks, and dirifter buoys were wied to demonst rate tuntle diferential responses to eddies inside and outside the hotspot,
depending on addy fatures (e cpchonic v anticpclonic, edges ve. contres). Turt be inside the hotspot utilie fewer strong cyclonic
eddy edges than those outiide

Kepwonde Caretin coretha, East China Sea, habitat, loggerhead turtle, mesmoale aldies, movement, pelagic behaviow, sbeliite tags



Short-Range Movements of Hawksbill Turtles { Eretmodbelys iznbricata)

from Nesting to Foraging Areas within the Hawaiian Islands’

Denise M. Parker, 234 CGeorge H. Balies? Cheryl 5 King,s Larry Katabira,s and
Williams Ciibwartin®

Absrrace: Hawlshill sea mmles, Eretmochelys imbricata, reside around the main
Hawaiian Elinds bur are not common. Flipper-tag recoveries and satellive cmck-
ing of hawkshills worldwide have shown variable distances in post-nesting rravel,
with migmtons berween nestng beaches and foraging aress ranging from 35 w
2,425 k. Nine hawkshill rurdes were tracked within the Hawaiian Ishnds usin

satellite telemerry. Turdes rmveled distances ranging from 90 w 345 km an

took between 5w 18 days w0 complere the rransit from nesting w forging areas.
Resulrs of this smdy est that movements of Hawaiian hawkshills are rela-
tively shom-ranged, and surveys of their foraging areas should be conducted w

asmes sans of the habiar o enhance conservation and management of these

ArENs.

HAWERSBILL SEA TURTLES, Eretmrachalys o
briata (L), are found in nearshore habitats
in mropical regions of all oceans Hawkshill
turtes are listed o Cridcally Endangered in
the International Union for Conservation of
Marure (IUCN) Redbook (Hilwn-Taylor
2000) and as Endangered under the Conven-
tion on Intermatiomal Trade in Endangered
Species of Wild Fauna and Flora (CITES)
{Washington, D.C., 1973) and the Endan-
gen!d Spedes Act (US. A, 1973). The species

a5 historically not been common ly harvested
for comsumprion in the Pacific becamse the
edible parts can sometimes be toxic (Fusy et
al 2007). Hawkshilk in the Caribbean were
not generally harvested for food before che

! Manusoripr accepaed 31 Owvzober 2008
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1900: because of wxdry, but s hawkshill
mum bers declined due to esting for scures
{Carrillo eral 1999, Camphell 2003) woxic
also seemed o decline. McClenachan et a T
(2006) d that this reduction in woxid
may l:neg-:iag:fmd o the declines in hﬂhh?l]l
mumbers becawse of an increased availabili
of les-txic sponges on which hawkshil
prefer w forage. Large numbers of hawkshilks
were mken in the Pacific, mainly for their
scutes, which are the thickest and most deco-
rmtve of all sea orde scutes. Irems chat were
fshioned from bonding, sh , and carvin
these scutes mdﬂdﬁnﬁ%q, da:-u:tE
dve art, and mals (Kaeppler 1978, Canin
1991, Hainshwang and io 2006). Despite
international ction, hawkshills are sdll
being harvested and exploited for curics and
for mwmoiseshell, known in Japan ws beddo
(Canin 1991, MSNBC News Service 2007).
Enowledge of hawkshill movements, loca-
tdars, and habitat usage of crideal marne for-
aging hahitas can aid sare and local entdtes
w develop effective protection and manage-
ment schemes for the species.

Before 1995, few studies had been con-
ducted nsing sarellive relemenry m determine

post-ne movements of hawkshill mrtles
Enowledge abouwr popubition size and distri-
bution hawkshilk was obmined mosly
from Aippertagging and recaprure ms

Records of fipper4ag recoveries have indi-
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