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Satellite-Tracking Reveals and Highlights: Migration Route and Key
Foraging Sites for Headstarting Juveniles (Chelonia mydas) from
Huidong National Sea Turtle Reserve, China
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Abstract: The green turtle (Chelonia mydas) is a globally endangered species and listed as Class 1 of
protected animals in China. Habitat conservation is an important and effective conservation strategy for this
species. However, the habits and habitat of juvenile green turtles in China are not clear yet. We six tagged
juvenile green turtles aged from 2 to 14 years old from the Huidong National Sea Turtle Reserve of China
with six satellite transmitters, including two American Wildlife Computer trackers (Spot5- AM-S181C, n =1,
Spot5-AM-S244A, n = 1), and four Telonics trackers (TAM-2639) (Table 1) between 2011 and 2015. We
released them in the summer (n = 3) and in the winter (n = 3). The global ARGOS system was used to carry
out an all-weather tracking and monitoring, and the geographic coordinate data were filtered and analyzed
using the satellite tracking and analysis tool (STAT) software. We obtained a total of 397 effective locations
for the four years (including 62 obtained from previous studies). GIS layers were then generated and overlaid
with MapTool software to reveal the migration of juvenile green turtles. The SPSS software t-test was used to
determine statistical difference between the two season data on individual size and minimum travel speeds
The curve carapace lengths (CCL) in the turtle released in winter and in summer were with 48.9 +8.65 cm
(n =3), and 59.07 £7.64 cm (n = 3), respectively, with no difference between the two groups (t = 1.527, df = 4,
P =0.202). The average tracking period was 66 47 d (n = 6), and the tracking distance was 1 653 #1 585 km
(n = 6). The average minimum travel speed in the summer group was 1.63 +0.22 km/h (n = 3), which is
longer than those turtles in winter group (0.67 +£0.12 km/h, n = 3; t = 6.726, df = 4, P = 0.003). They migrated
to Taiwan in summer and to Hainan in winter, along and within the 140 m isobath of the continental shelf. The
migration directions of all individuals were as same as the monsoon currents of the sea during the same period
(Fig. 1). Homing behavior was observed only in the winter group (Fig. 2). The over-winter sites were mainly
distributed in Con Co Island of Vietnam and the eastern part of Hainan Island, whereas the over-summer
habitats were located between Fujian and Zhejiang, but all were within the 20 m isobath and with concentrated
distribution of macro-algae, seagrass beds, or coral reefs. The activity area overlapped with the offshore
fishing ground and other development areas, which was consistent with the results of previous research. The
captive juvenile green turtles could migrate normally, forage, and adapt to the wild environment after being
released, and they tended to migrate seasonally between the East China Sea and South China Sea. The

foraging sites are primarily distributed along the coast of the continental shelf and affiliated islands of China,
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which further confirms the existence of migratory corridors for green turtles offshore of China. We suggest

integrating and formulating marine national parks off the Beibu Gulf, Eastern Hainan, Guangdong, Fujian,

Taiwan and Zhejiang Marine Nature Reserves, strengthening international and regional cooperation to protect

the natal grounds, foraging grounds, migratory corridor, and other habitats of green turtles, to ensure effective

protection of their life cycle.

Key words: Seasonal migration; Foraging sites; Satellite tracking; National Park; Habitat
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HZ& (n=1D BEMANFEANE. 46X
IR & GIS KE& N, #—BEmReiln
T R R OO0 OC B o b kB, FR IR
Je R X dk . BIER LS oA K EDE A S i fE
WS K AR A S RANRT 5185
i

1 MEET5E

11 BHRHR

AW FURIIIIRE . . N TLRE.
A SR TARSSAE T R AR Mg L X ) 2R
RIXATFE . R X 2 H Al EOCRG i —
ME X RERRT X, AT REERE
PP i RIS 540 b (b
42233, RE 11454, THZ) 18 km?, &
TR AR, RIZKIRAE T2 229 C.
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W LR 24 (S, siliquastrum) . F IR
JE#E (S. henslowianum) . 247532 (S. fusiforme ).
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TR AT S N 32, 4l DA Fh R B 1 A 5K s
IREEIE 2 kg Ja, S 2 AU A 1) 2 P B

(Epinephelus fuscoguttatus) J&7%, llZ%hfa
WRIRERTLRE /7o JT A R VPAL AN G, EERK
AN ot . JER R AME, HOE A KR
T, WK WKL i Skl R R RE ) R AT .
AR FERE 3 R 4hb kil Mk, IR AUE B4,
HATBORMEI, RIS, VCEHT I iR 3 KK
AN () I s (P BAAMAE 2014, 2015), &
16 HAME, HEWR (73+46)a 2~14a), B
H £k (curve carapace lengths, CCL) (54.0 +
9.2) cm (420 ~64.8cm), A (21.1+9.1) kg
(85~31.2kg) (% 1).
1.3 BEEERE R R

6 AAMMES Hil i #ESE E Wildlife Computers
AFAEFA) SPOTS5-AM-S244A Fll SPOTS5-
AM-S181C B ¥f #% J& Telonics 2 & 1)
TAM-2639 iBFe% (R 1), BESEEN BN
MR 2%, 23 lMfd A% SR PR R &
G RO IE RS IREE R, ETE . 2
YCFT BEFN T5% RS IRIK G, XN 3 1 S8 W IR
FE 7K 5 3 T 2T 24 18 R 2R R N 7 R B
J& AL E , 29 45 min K #EE ] J5 0H (Cheng
2000, M-EAMSE 2015).

R1 iR

Table 1 Basic information of the six juveniles

KB EE 345 Juveniles PTT ID

73040 70464 53744 40470" 65415 52694
BRI S K E R Spot5-AM-S181C  Spot5-AM-S244A  TAM-2639 TAM-2639 TAM-2639 TAM-2639
PTT model and weight (g) 50 110 90 90 90 90
H 4473 Birth year 1997 2000 2003 2010 2010 2012
JBEEEAY Tracking year 2011 2011 2011 2014 2015 2014
% Age () 14 11 8 4 5 2
A& Body weight (kg) 312 18.2 14.7 225 312 8.5
GREEESS
Curve carapace lengths, 62.0 50.4 46.1 58.6 64.8 42.0
CCL (cm)
N LB E AR H 2R KR FHiR
Over-wintering pattern in Natural seawater temperature Warming seawater temperature
captive 15-22 C 18-24 C

* @Bt F—ERTFE ARG 53744 (WIS 2014). 73040, 70464, 53744 (MAMAE 2015) NETHIRE A CLK R MG EAMA.
* from the same nest of the same female nested in the same year; 53744 was published in 2014 (Ye et al. 2014); 73040, 70464 and 53744
were published in 2015 (Ye et al.2015).
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14 BHEMmES ST
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and analysis tool, STAT, http://www.seaturtle.
org/stat) AT ik 5 5 Hr (Coyne et al.
2005). 555 LC 3. 2. 1. 0. A. B
Mz L7 AEY, LC 3 KEMhIEfm, wENT
150 m, LC 2 i#%#) 350 m, LC 1 iRz T
1000m, LC OJKTF 1 000 m (Shaver et al.
2007), LCA %5 LC1M%, tLCBME
(Hays etal. 2001), LC Z AL 5. K
[ 5Ifi 2k 77 F29% (great circle route equation) it
SARARAL AR BE RS . B EREEFE T N R
[] (R A B2 o ~F- 25 e /NI 52 (minimum
travel speed) JE I yIF AR K08 A TR) THEL 1S
i (Broderick et al. 2007). {5554~ LC 3.
2. 1. 0. AR B, FLIFI I 2 9 A5 ) 55 /)N i i
W RHEE 5 km/h, 24 h NEf/NT 909 B
JKIRTE 0.5 m BL_E R4 s A R s (Da Silva
etal. 2011). Vi RK 2k 4 R 40 i A LC 3. LC
2. LC1 ¢ LC A SR, KR AL i 243
IR LC 0 2 LC B 458N . BT HLF e Al
PR R A, TSR R B (Canil&ds)
EMAEF LC 3. LC 2. LC 1 X LC A Z5iH
KL BARS IR 90 5 BHEE 0 8 Bt e CHITTVE
(Zbinden et al. 2008), BpimyEd e, dnifs
b5 FAEHE B R 3 d 8L B, ATAE N
AEARE — T a . R RLEIE A S S
BT R, BRZ 2 2 mE, ik kel E S
(Troéng et al. 2005). {5 FEmT[E] 30 d B |,
AJE XONA7 8 37 (Chanetal. 2007). i
F Maptool Chttp:/Amww.seaturtle.org/maptool) ]
VE %)y # 1Ii  2 J2 A BEAT 9 R I8l (Coyne
etal. 2005, Ngetal. 2018). % ias oIt ja],
VT L AR N 220, ffi ] SPSS &
(i e v T BRI DN A E S R Y S 7h 5 AT
TFETE R 1 2 S Guit B PRSP a = 0.05.

2 g3

ik A A A 397 A, Hif, LC 3

35%, LC 25 15.1%, LC 15 12.6%, LC 0
1 9.3%, LCA 521.7%, LCB 5 37.8 %.
B BEEEFE ) (1653 +£1585) km, EEERTE]
(66 £47) d (n=6). HEBFHILEK, £&F
HAE ZH 5N (48.9 £8.65) cm (n=3)
5 (59.07 £7.64) cm (n=3), LREEER (t=
1527, df=4, P=0.202); g E, E54
(1.63 £0.22) km/h (n=3), XZF4 (0.67 +
0.12)km/h(n=3), EFHPBKREATFHE (1=
6.726, df=4, P=0.003, % 2).
2.1 VERERELR
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B8 140 m SFURZ DA (I BRI, B &
oAt G AR AN 7 1A, T 1A 5 [
MR LR EERREUER .. 42 3 HAME
(53744, 52694, 40470) ¥IiEHErs (PHEE A7 1A)
M, B2 3 HAMA (73040, 70464, 65415)
VIS CGrAbmmD . He, #FZFmE
[1)%)1ff 65415 Seftigrg 7 m), HUIA ARBHTLHE:
% 553 (CBIE IR, G RT3
Eyihiigis, SRWHE. WREAR. AR
& & Gk (A N R,
HEESHE (B D.
22 XEXEH

TBER A DG Hh = AL RE R AR PR
KFf S 2 A bt g it &, AR AR 2 S
T BN TR S PRVLIE R 5
LI BE Sy BRI T LA B ARSI . K
TS S LTSI R R B RDHES . B
e GEEARILE. SIEEHIIE). GIET0E.
Byt B AR B R WL R LR R R
(B 1.

A ZR AR 40470 PRV R TR, 2015 4 2
H 19 HARELARNE S0ME, KM
T, TiEdt— P\ Ay . BRI TR
CE 7 MO B R (Con Co Island) 43531
WUFSIN 53744 J 52694 ({1417 . 53744 4
B EER)E R R 30d, MA SRR T
T HE G 22 5 B BUBE S8 2 3 AR OR3P X —
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Table 2 Result of satellite tracking for the six juveniles from Huidong, Guangdong, China
B 7540 Summer group 47820 Winter group
73040" 70464" 65415 40470 53744"* 52694
B RG=N=D #e4h Starting  2011-6-21 2011-6-21 2015-3-8 2014-11-27 2011-12-21 2014-11-27
Time (Year-month -date) s i Ending ~ 2011-6-23 2011-7-11 2015-6-16 2015-2-19 2012-2-7 2015-3-29
£ 47 Destination e BIAEE AR BT 5 R E R R B
Xiayang, Hualian, Fuding, Donghai Island, ~ Wenchang, Con co Island,
Shanwei Taiwan Fujian Zhanjiang Hainan Vietnam
B R KL Tracking days (d) 2 20 100 84 68 122
B EF K FE Tracking distance (km) 68 842 4629 1603 949 1829
SN (km/h) 1.38 1.75 1.77 0.80 0.58 0.62
Average minimum speed
LC3 1 0 10 2 1 0
LC?2 5 3 22 12 4 14
LC1 1 0 20 10 3 16
LCA 1 4 34 17 7 23
LCB 2 7 73 21 17 30
ST Total 11 15 176 66 36 93

# WAWEE 2014 RREHE; * HWIWEE 2015 RREE.

# Published data in 2014 (Ye et al. 2014); * Published data in 2015 (Ye et al. 2015).

(B D, WEsXERFEKIRL) 20 ~ 22 °C; 52694
FEILEVEEZ) 5 km, 80%LL A 5 KL &
REAbRE LAFRIFE R — 2 RIL A W GEIRY
BRI, MibEERD (E 2), BEF
JE JE I [E] 80 d, TEBNIXIKIRL 20 ~ 24 °C, #
RIS IEZ) 20 ~ 40 cmis.
3 Wik
3.1 REYFESFKEAFHTHEEFESHE

I IR AR SR 0 O S I PR AR M R AR R

TRERT 5 SR BRIk 4 (Song et al. 2001),
s Y — R a0 O S i 20 AR
5 CF TR AL HEIT 2RI ), 0B R 2 5E f5 I [A]
a1 a, ZI% (home range) EL1£%] 8 km (Chan
et al. 2003). H/ETRERER. LBEFETR
J& € JEAE AL R B RGN N T 5 ) %) A gk i

(Lutzetal. 1997). ¥ (Bolten et al. 2003),
ST BB HiR B A I 2 (8] 2R PRV g, i
SRUWHHEHNETECFEMEETH

(Amlaner et al. 1980, Avens et al. 2003), & &
i 57 387 BB — F /s (Makowski et al. 2006,
Lamont et al. 2015) .

AFFFAG 3 K, GH SR T HRE
3 W O(H S 2014, 2015). &% 3 A
VG e 77 Tl SR A 1 P W 45 38 B I 1Y) 5 S
FVARAT R, FEIEEEAZ) 5 km (F 2);
B2 3 ARy g, 45 ke ks
TEBHTE AR, 65415 4hth 4 H b gt
GBS E, BEFIH 2 NN EEERE
W A AEEE . WL R L P s AR R
RIGES), WESEATNIER, (HARME S 2
EREAT N IBERBIN Y Skl G 3 TE 5 1
P BT R B YR ) BT AN A A 3 (A
HI#8%% 2013, Ngetal 2018, TFi#%% 2019),
HE—PAE ST R I i SR PRI AT
SZIB BRI BRI, A TT B R B R F A
SEREIZEAT I AR . (E T (R AR S R
PE Ghis s fa, FRHE Morreale %5 (1992) %
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Fig. 1 Migration routes for the six Juvenile
W OAILL AR HRIIBIELE N WMI7E L ZE AR R AR 2R (iR 2k © ~ © 20 MRS 5 43 704 73040, 70464, 65415, 40470,

53744, 52694 YL LR E; KO, T ARERIBOEZY AR XHEE7 G0 #E. GEBCO Bathymetry. i KA K
BISEREAT R, A FRIBEAREA FIRIHE KR .

Blue and red routes represent the migratory routes of those juveniles (ID: 73040, 70464, 65415, 40470, 53744, 52694) who arrived their
destination in the summer or winter, respectively. (D - ®. Destination; % Starting site, sea turtles nesting beach of Huidong Nation Sea Turtle
Reserve. GEBCO. The general bathymetric chart of the oceans.
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Fig. 2 Homing and foraging behavior of the juvenile (52694) resident at the
nearshore of Con Co Island from Jan 8 to Mar 29, 2015

GEBCO Bathymetry. #FE K A/KIR EISER&RR R, ARG R KRR . RO S00 R K SR, Edbril i3 ki

KoK AL S0 [ AR 4 L 52694 BT BN 5o

GEBCO. The general bathymetric chart of the oceans. The black solid curves are the ocean isobaths, and the numbers represent the depths of the

ocean. The red solids dots represent the activity locations of the juvenile (52694).

Epperly 55 (1995) A& I 2 AE S E Rifg AL R
PR I e AN 255 He 7 AT A Hh
X PRI 418 S it i g FeLd o 2 2 1 PRI, K
ZE oA e B R O AR B, Bk R
LR BT Y 3 8 T R BRI 4¢ (Shoop et al.
1992, Keinath 1993, Morreale et al. 1995); ‘&
ATHERA I RS ER AR . MR 2t o [m) i

K SR RE S, thim I szt s iR ag 2 —
HIIESE (Avens et al. 2004) . WL B4R
CHBAR AT D, I By B R R g 8 B o0 3=
H, [BAFRAOKRERC, ANEAEaLL.
DRLEANSEARE T, B it 21 0t 08 & (R S AR Sk it
1, AR T M5 2 1 R Bl e 7 1)
Bk BRI CHRERAE &)\ g 7g & R AR50
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SRR fPESKIRAREE, —5%4fa X
2:1% Byles (1988) K Avens %5 (2003) ##id
FIAEE, IR EEATZ ARG AR X . 2998,
K FEZ TR FAEREREW G N TS
FAE K P RIBER T H B SRR T Ly, S
FEAR B ML, HAE, WHAELIEN, &
IR LRI T A AE BE 22 (P B 28 AT N
FEAE, #8 REidE— B0 FORIHIESE
3.2 ¥EA5E A IR SRR B A ER
%1%, 40470 55 65415 N [F]— B[R AT A,
B HEALFE AR CmP19.1 (Ngetal. 2017),
RASE A E 2R 7 10— AR A 5
40470 5 52694 44 K BEARIIANE], AHBHE
(R B 2 % 7 T 501 43 AR AR, o AB A5 B 2
65415 EHFFBUANE, Seftvh R J7 [m 2k PHIL
WS, REIARIL, SRS WERS.
WEEZR L B R B, HE—HMEAETE
CAA I ZR AR IRE IS, J5 AU 36 iV 45 A e v 2
WG —Ar RIS, T 1A O 5 2R X
TS A [ TR 25 KA — % Rahman %£(2016)
RIMEDEFH S RARAN LR ER 3 A HHL
K (straight carapace lengths, SCL) #j 35 cm
YIS, TRUE S BRI AN A B IR IS
Ng % (2017, 2018) T EiB BRI 85 3 11
WIFLRE, FRE A BRI
PR R A SIS AN 7 I . #5 AR TTAE R
W6, 3R BN [ X 35 50)A 4) 4 Rt #1377
7] #5 [R) B R B | (P BRAESE 2015),
R FEATIRE XL FEATRIEER,
IR AR . ERMAELRIL. E
LR RIEE 4~9 H EREFON, ¥4k 50 ~ 60 d.
Mete T HFI T RBUE 6 ~ 11 H o XFTMIH A, 44
H1Y 20 g /e A7 [ HESRIE f st T A BR B AR 2
AVISERR, H5Zamtt, MHEEMREN,

Tvk e /5 55 (Scott et al. 2014, Rahman et al.

2016), PRIEAT EARHEAEN, HE G5 ARE AR
FHER Y By VUDHER . RUDHEE . %
BAVNRERED B S, 2R R
MERAEARACTT Py, BUE KRR = IR

WIS B A . BEANRKA R, M X A5 Bl
MR AT FE VI, BUOGEEAE RMIRR AN E,, Bk
CEAEVER, HRIAE P B R S A SR A
T A8 B R IR LN, 6578 2205 B W A I HE
SRS TSR B EREE B O R . XS
Ng 55 (2017) 8 F R ) R ki
T 2 e 35 R g P A S P = B A )
S50 BN . AR AR O B K
T % 26 45 v 2 R (Broderick et al. 2007),
Ui Hb 5 AR M BRSO 4y B (Griffin
etal. 2013), TuBKH#FS. WIS 8. R AR
IR RS 0 ) B AR 2 R I B B R A A
FR AN [ X 3807 O 1 4 St . 1) 2 6 30 5 J
L i (Chanetal. 2007). {HAHF7TH, 1Y
A S 5% 3 2 ki FUE) 8 R AT N LTS B
BRI, HARZ= T ME G RO, 17 A
FIEER, RAGFELE AT BEER, Hg—
FEMF 2] 5 EN ST (Ng et al. 2018,
Chambault et al. 2020, #7~H 52 7 5T LA K Kt
HR A PR v B RO AT BRI T AR R R, T
XoF B B ST B AR e A TR, ISE AT E S
MR B I Dy O b B A A
BEYBTIUIRILEFAR S (Scott et al. 2014).
3.3 BAEMARRTEN

AR TEEREA, W 1R
VERDDXCRR E PO A A SR TR, AW
EATEIR S A 5 K . R, )
e e bR AL A S RG VIR,
5K VE R B RE v RO A AT A5 R &
(Carricn-Cortez et al. 2010, Chambault et al.
2020) o LR FERT H A1 B AR, BRI T
SERPHE CLA AR 9D, e At J LA
M IUE A 0] 2 77 BN ) AT 2R FR R 15 22 4 AT
B RABZHC S0, DA RHE U S
Re TS AR R i J = e, PRI e St 2 st ot
(R ORFF X 35

IR 2 0 0 Bt R B AR (B
K&, bR GL Bk, R .
TR tREE. B8 AT 2 2 A0 1 E X R
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BYHFE AR, R EA TR AT A
BRiR BIALERERE ST, RIHEA T A &
KU DA B ZE T I R Y SR A, R DU E
A3 TR K R IE SR SR R X .
AT PR A SR 5, s Rk
5y, PR AR T Z) 20 km, TR 2.2 km?,
KIERGEW, WRR. WA IR
TorEE, R E A IR H AR R IX Sk
WK H i, CRAOMEN &, B ER B
AR S IR K AR ALEE (Tran et al. 2017)
AW T 52694 &y F kA 32 BTG B S i 5
IRMEER X mEES (E2), Ry
AR X R AR AR OGR4
i R E R R R (HRUE 54 km?), X
SCE W R BUES A KA 20 km, T E LY
%5 1.6 km, [ARIE 31.8 km? (RE#%% 2013, %4
HHESE 2017), RFBF KB (Thalassia
hemprichii) O A FE55 2013, MR JR55E 2015);
TERL Bt SRS ST BB E SR OR3P X N 43 A ik
19.4 km? DL B, R R R 3R B BE SR
(Betaphycus gelatinae) (R#H RS 2016); B
Mg SCEPTTRLAR X A AEEST 30 km, TEINE
% 31.51%. AR 100 km?, S R FiAs
R T I I R A A X ([ 5 Mg S5
2009, ZHi%E 2013, AEMESE 2017), Wl T
HUE Y 8. ISR R ER S
G 2% ¥ FU T R B 4 B8 fE (Chan et al.
2007).
REGRIERZ, H A ISR T E R M
FEH 8y (GBRBFF4E 2006, {41445 2011). kK
B i A Sk 51 B (B R4S 2016, 77 5F 2016)
Jg e 5%, HRRMGEAKEONIER,
PR FEARIKDEE (S. vachellianum). 4
% (S. horneri). W%, EMizE. BEHE (S.
thunbergii ) 45 (FhEFE4E 2008, LEE bR
2012, Y@ ¥rdsE 2017), HE . MHEEAT “iF
M- BIHR, WA D (B4R
55 2009), &I P 5 A 5 B A Ik A
WER 0 AR (F/NF4E 2006, 2010, R 3E4E

2013), MEZ WAL ERTER, B hE
7 e i ) G L B8 B R JEE B e B AR 2%
o BRI, ANREFH R CE B A e
MR RABHRIL (BE/NFEE 2006, KB RDESE
2013, MR R%E 2015), KRAVAEAYRELRZ
FEVEA TR > (FF T IE%% 2013, MK R4
2017), R SRR R I BE g B (55
2009) . AHF 5T S BHAH G R B, SRifgfa
(103 B30 5 32 B v 3 e N R X 3
[EEE, EZARER . HolaRd &Ik
S BB (EFSE 2019), Bk, mANE
SR E it o b e A Ay, R K
T R T S e B AR B R R B R

UbAh, ARFFEUESE T IRE AN TEF SR
A i B SRS A 2 R B R A R
VA G AT IE R SR, S ol PR I B 2R )
o, NIFREANTES. U KB AR
SO IRAE T EAEYE . R e AR S
FEARIARD RIS R S A CRALARF BT 2019), A
B 5834 ] A 3R BT F it S FLAH DA 5 1
EEL . HIRE R AT (R 2013, BHiE%
2017) B ARAP JERIE PRI G 1 AN B R S PRt
5%,
o AT AARTRE B AR L
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