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Unmanned Aerial Vehicle (UAV) Use as a Tool to Assess
Crawling and Swimming Speeds in Hatchling Sea Turtles

The wme of kewocosi. ommanmesd pedal vehicdes L5 for
pralogical @nd hivkogical stsdies has incrensed sigrifozmdy in
recent years (Hees etal, 2IMEBL These UAVs provide a relmively
li-coed video plaform for desomesting eninsds and svimal
behavier in Illmﬂunﬂ envirarmment, For examplo. verious
rivde sl LIS Bave lieen wiilized for aside sarieny of Hiolopical
edudopical srveys sl shodies [Hodpsan o al. 2013; Bevan
et al. 2005, 2006 Chrsdamsen e al, 2008 Rummler & al. 2
Hkorn-Bodie et al, 2017 Bees ot 2l 2000 Thess sindies s
demembring e Increaking wilite of LAVA fop <qudying the
Iakerloggy of aralveeads i dlsesic natueal Bahita

The potertinl imgact oF UAVE oo amimal belsvior appears
variabie depending on the species and sapedmental projocal,
Fur cxmnsple, o se cases of penguins (Iankisle: <0 al. 2005)
arsd wemierline] (MeBEvoy e @ 20061 e presence of Cse DAY
Impacted tae animads” el o, whseress o maring masmsds
Chriatiarsen o0 al. 20061, the mculis wene e varialde, sith
licike 0 no appareal impact in some cases, Fodusing an sen
mirtles apeciloaly, Bevon ot al . (2018 dnvestipnisd TR0 Mgl
gt and eflects on sea totles and nsted that sea hertfies on
reeating beachies did rot alier behavior in response to o 18 a
reighs of 1O din. Howweses s wory abult sea turles amd
aidies focuEing on the bebemior of juvenie asd chding sea
tirtes piw curm ally Beking

Uahs could pedenidadly represent an avera for monsoring
haichdings during thedr seacinding behavior ond durdng their
inltdal mipvements threugh the sarfenne amd near-shere waders
Haichiling sez-finding hehavior e presemts a critical perodin the
early life hdstory of sea turtes. The amaunt of dme hocdings

RICARDO F. TAFILATU®

Eiids Haod Leat hee ook ticet Py - Resanch Cantiy

Jev Pocifie MsvineRes oovers, Pz [LMWERR, Wi ),

P S Khiealin B8 14 Fadally of Fuh e sl Manine Soence

Uinrersity of P n AL Mowelmon, Mg So s indomesin 81074
BL IONKA

o - i ,.. . T : :
WILLIAM G. IWANGGIN
HIE GHI WOMA
THEG AMPHIR
ROI RURSAR| AR

P Barar bsekimesi 953 14 ol of Fifeves and Manne Scknce

Ainberalty of P i IUWIPAL Mmool P Bnme indenetin 067 14
AN WIDRELS

a S e ——

s i 8 e e B8 D e e Bl e 8 B B 8 B 8 B i e i

ST ity LT - i KA . e

Hergeolapiia Mrvime S0 2009

spenil an ilie beach exposed 1o pesdatars and pomenally lethal
hist bench tenyperanmes s determined by the amount of dme 1
tnkes hatchdivgs 1o cravd frem their nest and down the beach
o Al sqie (lschies of al. 200 Wasod e all 30045, Additioeaal i
effecive swimiming halsiviar ol batehbings Chrough e saf qone
arnd dway Dromm the beacly is okso it to their survdvg since il
Funns the ot cksd i goickly o Eatdsllngs ireogh peat-slsam
waters, which are ofien oreas of hegh predation (Gywris 196849;
Mlchier e al 20060,

P s 51 uadliess Db shos i hat lanch T Moaess can alffec
et speeds pad swim apeeds in repdiles and s hacchfiog
Aurvival [EEnzen 1903; Elpldck ond Shine 105, sdditinalls
harchling crawd speed s previonsh' Besen i@ed &5 & paren s
woeeteic ol lsstehiling lioness in o5 | lclaen e el 3000 Mlivied
st arkd Dawrmie 2000; FicTier o ol 3004 Sim erad 2004 Wil
BLal 20040, Far esamaple. in eathorback sea nirdos 1 s been
regusted har ne st iscubation Compersiuie Can sMect horchlisg
crawd apesd and thus cam parestiaBy allect haehbing sariviva
g Tinese | MEckoloen o] Boesiie 3050, Thembnre i1 waiald
he advanmgeoas o hoave standardized methnds for nssess
ing the crawl spesd of hotchlirgs produced in sea furtde con
servation prograims The curmenl sady evahestes a UAV-lasmd
nseilsad Fisr ascemsing anchlivg crowl spassd and saim epeed
A pEnlentinl et rics Tor hate Wing Timess. The sty locises ai
hatchlings praduced in 2 conseration program an the mesi
imupariant nesting benches for the cridcally endangened swoest
e Padfic leatherback (Tiward etal. 2003, Tapilat et ol 201 4,
lncated almng the nerth u-cl:unmre Bird’s Head Peninsida, Fap
un Hara. Inderesia (Dutbon et oal. 2007 Hivpeos et al. 2007
Tapilat et al. 2004, Tapilsm 24k A small (< 2 kgh UAY wwas
evabuntsd a5 o vides platform: fardocumenting and determdn
ing hstchling crwlng and swimming speeds as patential met
ries of hiarchling fitness

Ml mncnin

A D Phantm 3 Proowas oiliced during cthis stedy This
LI has 2 maxional flighs dme of approsmaiely 20 minses and
# pguipped with 2 gimdhle sahifllesd camera. During this study
Wil e e caprred &0 & resohition of |00 a0 30 Mrsnes paer
sevand amd stored in an oi-Bopnd dereS D cand. The DIAY was
Mo wsirag the DD G ppps andd o Svidis Shiedd bl privided
a live FD e feed 1o parmil sl pecsan viess [FI) comnir
af the Bight

Thee hadchdiogs wsed io this goudy e from nesis dhst weee
meopiored during s vn-going leatlerbock conservution g
e b e larmureds Masdi and Wernsen oesting heaclws, Both
al thees beachss ae lecated an S norh side ol Bind's Heol
Peiainsu ks and lave edatively chesr watens dopersding on weally
e wiad Lides, whieh con Lacilitate the neapilerivg ol laichlings
dhuarivg theedr indtial movements away Tnon shere, Hechlings
almerved in s study come Trom recenily emengsd aests aml
et meniiened Suring thedr sea-finding ehavior and saim
g Delsvior, Observations wore reconded lor hatchlings thol
oy nimlarpeing ihese Behaviais aiviiiad disck | 18010 18K 5|
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Fi 1 Thie LAY was e i mundine sea- Dndlrg hehavior and indrial
menemess away Imm shore in Jrathemock sea mitle hotchlings.
fand's oo Pemmesuta, Papun Hamal, ncloness, (A) Exomple ol sm-
firstling and crmling bebavios s hotcllmngs areot amd move injhe
direction of dhe surl (Bl Example of hatchling tinmsisiosing from
wet-mdeng behnveor b svmmmng: bohirdor i they ewter the surl,
1 Typical behavior of hochling m the near-shore water, swimming
nppnecnaiely perpencdicalar e shege, Hodehbngs seme ool
fur @ s simmm of 300 meay fram share {disiance Unaled by bai-
ey e This vickeo data allirsed o io enloolabe crosd speeids and
awimmin g specks as panades of Hmess:

Fe 2 Emmple of @ change in haichling swimming direction as it
enciemem o nesibeicl I neor-shom waters The needlidish 15 in
cheated fry 0 dashes armow and the Eaichling = indaated by o b
armra W P -enooumber, meedlefish qnsd haichimg both swimmmg
approiimately prrpasdicular to shone tewands one another: (8 A
hatchling appmpcls noediedish, bith burn appromimately 5407w ihe
right e parafie] to shorel. (€] Faichling re-onemed approsmtely
perpenchicyar tn shone. This demeonsteotes the abalby ol the TRAY jo
mmunmgr hehimdor s well i swimmimg speed ol deecion,

or i (DHHEOTH G beiveeen fuly 200 5 anad Felsroary 20100,
Theese ofvsprvation Himee perods are witlin the foones] ronge
ol e when Tinlellings didenge Tron pesi an Thess Desch-
s A0 Jome s Medi, & il of 54 aichlings were o cres]
fop cramd Apeed arxl 205 of thess hatclfings woere folleaed For
serimaniing spead wice ey cobeed the waled, AL Wernson,
A pral el 24 Bachlings were mmibered Tor Crand speel; g
daie 00 loEisicsl Sl waather limilations no hac s ding seiin-
iy spee s wigre pocaided. Diarin g their imoyemointEy Sowg e
gty e hnlivegs wgre obetrved N groips mooping foen 1-10
bl iollimid &

To eqpriimige guanlificoten of fesalis dwe llowing methods
were implemenied. Nadurally sorurring drifrwond sticks were
uiilizes! @ mock the beacl st 05 m ineervals for twe 10-20 m
-:LI'.'IB"IIH [ropn e nesding sone (o s sual done, The TIAY
e Tl nkam @ltinice of 5 m disscily alovo the s ol hiach
traversedd Iy s harchlings and was slowly advoncesd towands
e mael a= tlse hocldings propressed dowin the Beach, Care
wind Wi W inlalrsies UAY miseEnessnds The asnenssnls il
Tutehiivgs wetre mnomitcoed semtely vis e HEF sden foed with
e i o Dosiatend Gaitside the sty &nes, el e igh-lide
Bine ek L vegeration gor borlering the Issach Harchhngs
e e Do crpwd doswis e Beach, enter e sarl, oesd swing
il b aimbiilaeeri julind. Dlise Te kgiarcal consfeaiile, iFd gioaij
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of hatchlings was manitored during sea-finding behavior onoe
they hegan dispersing thrawgh the sierf o single hatchlicg was
mpnitered with the LA Haschlings wonld occadnnally posse
durimy theetr crend po thee surf before contirming nod this tme was
inchided in crawl spesd caleolations. Addinarally, i hachlings
encininierad sy il or loasned posdtions af the s, dicks,
el whichs slosesd o hindened i cremwd this iose was indude]
Im tle eravd spesd caloulations Crasd spesd was hassd on the
ampurt o dme 2 haochling teak o raverss anapprocimale 10
b hrear disance oo the beach,

Thie Jistxiee e an mdnidual Eichling was oo
Voveira dberpre el upon BEfvery Lile versos the speed of moavemern]
Buring sea-Arficg el swinomiog. The avetsge distance
el liliveg was Todlewed was TEEH + 985 niv okl fanped fm
A= m Indvicas] ks were maniored anthe HD vides
fped wrd disinnee from shom was woorde] ad 10-m imierasle
Tt iop (e IRV iry D] 0% wvsneans wilni chy wns relayend (o the
pperElors renole coniml unic Haichllog seim speed was s
oty lae Nine pEguiedd Too e Wil dscance momilaomgd [ eeih
Daest o gl g 43030000 1)

REiis

Fag | densnstraves the abiling ol tlse AV spstemiie docuimern
the nrement ol Padclfings Sown the bescy (Fig 3401, through
i waiil [Fig. TRY, s o i el waters [JRg 10 Thio meilie
prenvided thie first documemtation of onwd spesds ard swim
speesils af havchliog westen Facific keatberhacks from lamursha
Mol amd YWerman eaches, Hatchlinpgs al Fansureba Medi Bl
0 msekn crand epieod of 004 = 001 mfs [N = 540 Hadalisg: &
Wiertin Tl & msean cvnwl spesedd of 106+ 0001 me (N = &),
These crawl speeds were nod significandy different (&, = -4.74,
p =005 Hatchlings @t famursha Medi had a mean swimming
speed of 055 2 1L 13 m) s £ = Al

Ihe ability to willize the LAY for maoninring sea-firding
urel Inital ofEhare movemenis was lmded by seveml fac s,
inchiding weather, UAY batvery life (approcimabely 20 mirres
per fldght ), ooabisnt light levels and katchling visibility in the surf
poree For exsanple. wind osd rough surd conditions o Wermon
were is0 turhulent o conssiendy find o follmy haichlizgs in
thie waber

D instarce of & hotchling alvering swimaving Jirection
i mreponss g fish (Fig 21 was reconded. As the lssichling
approached o fish, boath beacding ard fish tomed appedmaiely
40" 1o the share (i.e. parallel e shore). Following this intemoaion,
the hatchling reorentsd 1o an offshare svimming directon
[, perperndi cilan for slened, e e B of @ En. preedarin on
a lstehliveg @ lansureha Medi [Fig. 31 was a0 recorded, During
e predation evenl e UAY was positionsd 5 oy alsns twn
Ife 1ol vegs s wern swimming within the D af view wism
a White-bellied Sea Eagle { Hallarerus Lerogaster entered the
(e, caugh. wesd Dew off with e of the hachlings. The othe
lmite bl g, wnalTected conimcd fo swim olFlsir en the simne
lmdlivnp.

ol miand i Caedi s s

T pestnlt= il the cueredn soudy imdicate thel copsuamer-level
UIANS Teg. D Phamtam 3 Pre ele] can peovide a cos-eflective
et of docunssnding Fapchling movemsenis Jirimg =ea-
finufiiag Beliovior and initial swimming Delaior in sir-sfiom
i Thir acheanage of uedag & DAY Seain Tor Sacninaiiag

P & Example of hachling depnadation by an pymn predmos 1A
Tons haich#mps finclicsied by ponws) swirmmmy innears-shane wm-
s, (B Avtan prodoor (Whie belliid Sea Eagle, ol S
gart emehing one bk hing while second hadchiling dindicmed by
arros) condinged o wwim in o alfshore direcion JC Sngle hatch.
R swimming, This Banc tding did ot mike amy obvioas changes o
e swdrmm g befuvine

Usese Bedaviors B4 a1 il peosides g vides plotferm From direcily
altvy e i Vedie i ps daod so s opbndzes e Sl iy Lo gccuealely
ausanlily hochling behasiaor {eg. craading sod  swinsiming
spesetts] dhiring these early life-hisiory evenis

| e dilings wore allowoed vo craw] dosen the beach amd swim
thraughy e =l in 0 suckl Bshdon, Therome,. baicliling
efiwliing aind swiimiiap Delsaviorswete mdm ilomad cenlifmionisly
it pecoyerivg 1 TEAY and changiveg the ke Althoagh
it was passible o quickh recover e TRV and clange harrenries
e wie ablempied e depley e AV peat banery clioiage i
s (T eu B eedocate the swimming haic hlimgs In the cursenl
wbuidh, e seinialiag ol hatcldives WS nadilamed B i oo Jam
Toonen sfvome, arvd L disraros was iypically Bimioed by baroery 1Te
ratlser s Joss of visnal contact silly e haichling, Therdore
a algindhicail parlin af s heittery [0 e edrcisnimd disrlig
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the sea-fAnding movements prior 0 moniooring swimming
behovier, In mntrast o the currenr sisdy, ©f o0 hanery was
dedicated specifically for manitering ssimming behovder, @ may
boe e s o £ Tl e heabchlings im nearshane wabers for up o 20
mimunes. Fol keving the hatchling for longer periods of sseimming
vetuld evrharc e dhe s s ol prodiengg swinodeg speeds arsl
witnogl o G iio st poteniial Variaiony in s i g § el
aswell e deorease error associnesd wiily GPS - basesd disdance of
the hatelding movemenis.

This sudy alen revealed seveml emvdimnmeniald factors thad
liein e s of & LIAN eytaim Moo Sodiimeivhing Mese Delsdors
VA Mg sl D roddimdimggs veese Tinmd e 1o diandiglan huosim, Ak
tesfinill, e LAY comibd pesDoerd videos anly under ambient dayligh
corelitiogr, as s avms@Eiied DAY Bcks Diglyls for illimidnaring
areas dudeg flights in dirk conditions. Addidiomally, weather
copslivione such ax simmp winds and mins can provent fghis
Surl cotditions can siao limin fights. Foresampde. onWeomon, the
sl cormliviom s sere Qoo (i bent e o=ty Tiwl oo Ellows
lstehilings

T viossprnerals of himchiings appesned o b Bath o s
] caiatbneos diing Doy e - Dadicgg and sivinenEng belsaviais
Thigs, dlsege wemw o olabous iosdicators: el s DY wos
sdpmificaiaty alsring baiclding Debaviir For eongle baichlings
switniming  though near-shere  waters  primaly  pemaivssd
e Al snrface of the woater and nsxinixined o coaicee (hal wae
aigghly peerparmilieulue o the alsoreding. Fueilses, atchlings 8l
ot i erga any ifhing or other ohviois changesin behavior that
vkl sizpgesst the LAY had affecoed their behovior The resulis
Irelicared orse instaree of peedation on a Evichllieg (Fig. 31 during
vl the predator wis ol Getorred I dse presence of the L
I i plaisfle et coibred ednld Bee pom B evalisste e pilential
impact of LAVs pn harchling crasd aned ssvim speeds. For example,
grounid: based wildlife camerss posdtioned on the beach could be
e i recand bachding crawl speeds fin @ compansan i U8
mesulis Evaluating the impao of UAYVS an ssdmmicg aichlings
Is more challenging. Howeve, it s feasihle that this soplc oowkd
b 2l dimesse] by comparing resaulis fram UAs Boven 2t differem
gtimsdes ns widl 25 compandzors oo allEmatve methods foc
mvalunting avimming speed. such as radindmremivter agped
haachlings

Mihough the prmary goal of the: current soudy was o pvalisae
e urdiey of & Us-hased siwethiod for aasesaing harchdling ool
st el swdin Apseed aé podenitial metnics for baeicliling finss,
the re=sushts absa provid ed hose-lne dato on crmading and swarsming
speeds in wesermn Facific ketherhack harchlings, Additionally,
brased cim thie reshs of the corment snsdy, hatchlings shsuld be
[liead wylviles Tedivit singr & cldnad argl anserh beach, i onder
u Alaindandise serements aisd indivimize verkstion assaciabed
with shetnches and Desch ofade Iopograpla. The alsilig 1
acurately guantily these belavicrs coukl provide a new anmie
finrevahuating hdtchding fitness an alarge scale Por example, these
eplwarwbong s sl bse apwonyd b pedd wo e v alowte th fioness of bssichilings
[rimmy GilMerend pessring beachies (within & popubstion or Bepseen
papulotioesd, dillecent Timses of e nesiog scason, eoe. S
infermetion ekl fdicsie the impact of specilic Fears e,
Legsacls Cenuperaiure, minEal, e b o irave] speeds ard potestially
Isatchling fireess aisd poedniede nsight cn the ngpact ol lse nesting
e virnme ! o e ecikpy gl Cormervation of ex narles

Acknra vfgerain—This meearch wos conducted e part of
thee amv-going, Bad's Heasl Leatherback Conservation Progriam — fe-
s Cenaer for Pacfic Mamne Resoaoes which is coondinated anid
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LISF, smimnl use areld care guideline s, The audhors sould e 4o ac
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wiale inchubing Mationald (eopranhic, Kemen B isTek [32T5 - Repatilin
af Indorest {Fo, R SF2H LT DEPM G200 - 2508, the U niversity of
Al al Hirmsmpglaam, aad the Bnbvemsity of Pigua (LTI}
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