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In order to study the home range of the red-tongue viper snake (Gloydis ussuriensis) and the short-tailed viper snake
(Gloydius saxatilis) belonging to the viperidae of squamat in Korea, we implanted radio-transmitters which were weighed
less than 5% of individual mass in them and traced their location by radio-tracking. Surgeries for transmitter insertion were
performed on 5 red-tongue viper snakes and 6 short-tailed viper snakes (total 11 individuals) and the average ratio of
transmitter mass to body mass were 4.2% and 2.2%, respectively. After radio-transmitter implantation, all short-tailed viper
snakes survived but 4 out of 5 red-tongue viper snakes did not survive during the convalescence stage, showing only 20%
of survival rate. The results suggest that the ratio of transmitter mass to body mass should be less than 3.6% at least in
these species, although previous studies have recommended various ranges from 1% to 7% as the acceptable ratios.
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Fig. 1. Radio transmitter(s) being surgically implanted to the Red-tongue viper snake(Gloydius ussuriensis) and the
Short-tailed viper snake(Gloydius saxatilis) captured in the field. (A) Veterinarians implanting radio transmitter(s),
(B) A radio transmitter(PD-2, Holohil Systems®) used in the experiment, (C) The Red-tongue viper snake(Gloydius
ussuriensis) being operated on, (D) The Red-tongue viper snake(Gloydius ussuriensis, 1ID; Ul) released after surgery.
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Table 1. Identification number, sex, species, total length (TL), snout-vent length (SVL), body mass, transmitter ratio of

body mass, fate survival period (SP) of each snake in the study

ID  Sex Species TL (CM) SVL (CM) Mass (g) Ratio (%) Sp Fate
S1 M Gloydius saxatilis 76.5 67.0 187.6 2.0 > 7day Survival
S2 M Gloydius saxatilis 72.0 62.5 233.0 1.6 > Tday Survival
S3 F Gloydius saxatilis 75.0 69.0 271.1 1.4 > 7Tday Survival
S4 F Gloydius saxatilis 64.0 59.5 121.0 3.1 > 7day Survival
S5 M Gloydius saxatilis 63.5 55.0 105.0 3.6 > 7day Survival
S6 M Gloydius saxatilis 78.0 67.0 238.1 1.6 > 7Tday Survival
Ul F Gloydius ussuriensis 57.0 50.0 105.4 3.6 > 7Tday Survival
Uz M Gloydius ussuriensis 51.0 44.0 80.4 4.7 lday Death
U3 F Gloydius ussuriensis 55.0 47.5 84.2 4.5 3day Death
U4 F Gloydius ussuriensis 53.5 47.0 101.8 3.7 2day Death
Us F Gloydius ussuriensis 53.0 46.5 83.3 4.6 2day Death
* Ratio = mass of transmitter/mass of individual x 100
13 WA 7h EQH 190 354 AjAEe] AEelRE selakinh
=eoEET= SIS S v F 8817 Sete] pey
A7) Y o] S EO Gas Sterilizer & Lee(2011)9] el whek zH siA] M2 AR AIA
(E-300, Delta Medical Co.)S 53 2417]Z 38CollA 28-30C 2] AHFH(50cmx28emx30cm)oll A A=A 7E 2k
42 Az aEn A wE 582 98 39

SAIE S Hats Al7IaL 15A1Rs?E A AT A
Y4 Fes Ads] A 7pAARARSE HAARALNE
Containment Box®ll 7}70] 4852115 7](Vetia, J&Tec
Co. Ltd)¢} 23] FAUHAAIRD ofo] &t (Isoflurane,
Hanapharm Co. Ltd.) 4% =SivHE AAlekglom, o]
< v#7F ® /WAE Containment BoxolA] 7jo] ¥

o] TR Fo] AMHEE Ul 1Inch®] Snake
Containment Tubeol] ¥o] A7l & o}o]xetol
2%, AFAEE 1103 & AT o] F 7| A RA}
o} HAEANE AAubs 35 ©X7](Doppler Flow

8-t A

% neHEN2

Detector, Parks Medical Electronics Inc)& ©]-8
= AU Fsgn Belg
d Bl SungKwang Co. Ltd)E o] &3] =42
U, e 5 Pl Aol 1
HAste] FAVE QIS
ﬂ el A 2ol == Aol &
HAV447 4 - 0, SURGIFIT)E ©]-&3&}]
o AR T, AE BHIAG, A B
A= 938 AZAGBM Vetbond, 3M Animal

ECRLTERE

dn
mlm

2odr S opE N
ol o> rr B
(r
o(l
Ny

]H =2 7(—1%1—

Care Products)E
A7 thFig. 1).

24 3=

HA Aol gk 2
Azo] MFEARE oln ] e AFA7Le] 3|27

88 Journal of Wetlands Research, Vol. 16, No. 1, pp. 85-92 (2014)

29 FHIA gtor, dFel 134 %
¥ H]=(Povidin, Green Pharm Co. Ltd.)¥} of
(Ethanol, Green Pharm Co. Ltd)2 4535t =
b QN RNE O S oielr] fls FAAY up
o] E € (Enrofloxacin, Bayer Co. Ltd., Reptile dosage =
0.1 cc/kg)e 24417kel 3 2 A8
Z-FA2)(Flunixin, Cilpa  Ltd.,
2.5cc/kg) S T2AIZkO] dHH A
olF AEw AAel vt o

2 WARAA FATHFig. 1).

L, A

Reptile  dosage =
SO e REE!

A i B SV D[S

3.2 1

3.1 e

Am

N W MEoR

THAERAL 6vkEln = 6)9] HAHole] Wit
63.5-78.0cm), SVL9] H¥2 63.3cm
(range = 55.0-69.0cm), AH|5<] 32 192.6g(range =
105.0-271.1g)°] 3L, HARAL sulejn = 5)¢] AA4
olo] H-2 53.9cm(range = 51.0-57.0cm), SVLe| B
2 47.0cm(range = 44.0-50.0cm), AT HAS
91.0g(range = 80.4-105.4g) ©]ATKTable 1). H7ke]
A} ZHAARAE 2 RAR] g dA Dol 7} 1.1
v, SVLE 138 A SAHEHAoH, F FolAl 574
H AFTe ol&std B A7|E vlwgk A AR

71.5cm(range =



Jae Hoon Park - Yong Sik Hong - Hae Ran Kim - Jung Kyu Jeong - Young Han You

AR} A7I7F A AREARS] 7] He 20w ot Eo
LA A FaEs TR F ARV S AR
BAF ekl B AEsilon], HAdEA AR suke
T 1mkeleh AESL anpels AEeH] T AR
d; 7€ 179 - U2, 79 199 U3, 7€ 239 : U4,
US, Table 1).

3.2 AHiBof chgt a9 vHig

A AEAL 6kl = 6)°] AAAFo] gk LAl
Z15AY] HFP] &S 22%(range = 1.4-3.6%)°| AL

AEAL st = 5)9 HAAAT g EATF
o] HH| &L 42%(range = 3.6-4.7%)°|3c). AE
BE MA@ = 7l tigk D27 Al HathlE
24%(range = 1.4-3.6%)°|N oM, o] AAAF
gk WAZFAL] HlEo] 3.6% oWl &3t
< HAEAL 4vtEn = 49 AAAT I T
FAY HFu S 44%(range = 3.7-4.7%) % H
= JHAC digh DATFA L] BEE 3.7% o)/de
UHFig. 2).

lo
1‘

¥ M N N 2 oo X P

5.0
4.5 A
40 A
3.5 -
3.0 4
2.5 -
2.0 5
L5 =
10
0.5 -
0.0

> ®

>

Transmitter ratio body mass (%)

@ Gloydius ussuriensis

L Gloydius saxatilis

Survial

Death

Fig. 2. Transmitter ratio of body mass of individuals determined by the survival results of two species

Hardy and Greene(1999)7} @aLst v
Hell wet AA ATl et 5% olvfe] WATIE A
ATk T T A, AR b & A9 Aol S
wols gew], B Eee] AE o oA o
EA YeERTHTable 1).

& 1138 TAT] AR e A
AL B AE BA AL B, o
o] MAIEo] 3]5713E Eetell AFgstHTable 1)
AL EEo] AR ARART e ol i
AA T gk A7) FAVE a3 dlow XJ’%

2:
X S
(01}
=
T2
4 2

o g 9RE AR 4 Aok A, 2ol

B el 49, thedt 2e ol walvle A7)

7} ARAREe] Azl dFS FA Withn A7

Ak 3, B 499 S By 22 s

ANEE W) 98 Jlee] 94 aels) Al

Aol Aol RS A8 0 m (Mader,
o

2005), <telvte] dojo] A, # B 7]El o V]

siax|sts|x| M| 162 M15 (2014) 89



Effect of weight of radio-transmitters on survival of Red-tongue viper snake and Short-tailed viper snake

o Ede w7l SalA, AAA HaE FA F=
HAE agste] Qe Hols Zdste] Y 318l
th EAR, dubd o oA TV AYste
A wst Aol AREE AL glom, ¥
shatlel A 54 e =g vigt f13o] 4
om Fzo wE PgAde] o Fokar deA Ut
(Reinert and Cundall, 1982). ©]¢} 22 o]f= £ 9
TolME Tt APBHES AREste] ARl o
b 2 Ay A, 7] A717F #He grlel F
© Qe "M o o tSe], e A
A E glg HAEARL 7| FRANE o] 85}
o, = A-F 4T 2PEGFES 99T AL
T, e g 2 AA, TS, 31571h
A ARde] zleHlon, oefgk gHAelA 3U9 3

g

B 1R St AR EARE BE NATE BESIA
Rb AARALe]l A s7HA T afATE ARSIt
(Table 1). webr F=gd 77 gldvkar 47
gk dom, nhef ?%T%X*Oﬂ QF7F Slof AR
Aol ZHA| A EARS] SO @Rkl AT A4
TR Rk oy} AR A EAL A AbgE Aj AL
xgﬂ& 740; aq])\hsl— 2= o]q_ Z_é]-jl/], o7 5‘4"&5/‘]—
o] APgRIY Fadpdat FHsge] mE llol
288 S 7Aool Ao o AtE)

AATE ddow A=
Ag IA7IEAe] RIS dotry] flste] HY
oM 25-50% Abole] EAZFAN &S 7HA| AL
= 70D : S4, S5, UL, U2, U3, U4, U5)E Y3
2 Az} 7pAAEALY] Ad9-ol= 270 A(S4: 3.1%, S5:
3.6%)7F E57F AED ubd,) A RANE 7)A|(UL:
3.6%)%Fo] AYES AL 40 A(U2: 4.7%, U3: 4.5%, Ud:
3.7%, US5: 4.6%)% L34 X3 tH(Table 1). ©]& il
gslo] Ado] 29 RE Al HAA AT iy @
A7 mlES vagk A3 @AIv]e] FA gl
3.6% olvle] MAES BF AL oH, 3.7% o]l
NAES 25 AESHA] 583l thFig. 2). 28402
S ARALSE A RALY] GG, WAY] FAR Qe
5] AE FFS A goed WA Ao o
A7) RA WSS A 36% olHE AFe A

83k Aol Aasitta wa,

akHoz el FAt ATEEY AEd
QS vX|A] ofof st} whElA Weatherhead and
Demers (2004)2] Rat snake(E. obsoleta)A--oll A+ &
A7 FARERE 2.5% oJUl®, = ok <1551 Hardy
and Greene (1999)2] Rattlesnake(Crotalus) 1-T-olA=
5% o= ARS8l E datskal Stk ey Al

Jape v e

0, ofN X

N

90 Journal of Wetlands Research, Vol. 16, No. 1, pp. 85-92 (2014)

AA ATl digh A7) A vlEe] W9l o
A Fol we} vz ,
2715 AFdsted st oy ATES
AHRBH Charlandv and Gregory (1990)2] <15-of 4]
Prairie Rattlesnake(Crotalus viridis)2] W217] F-A H2
E 7% M%i AA| AFEEFR o) Lee et al. (2011)9]
AFNME FARE. rufodorsata)®] A7) FA W

e 44% o= o] &3t AL, Lee (2011)2] Aol A
= THOUE scherenckii)® HA17] FAWHE 3.1%
ol AFEEL AT Tgel, B AL
Chinese pit-viper(G. shedaoensis)2] 74-9-%= 4.1%9]
AA Aoy waly] FANES A% HE2 A
AN S H(shine et al. 2003), 53] |AEALS} 7
1S 7FA12L Q0= Lataste's Viper(Vipera latastei)
Soll= HAl7|o] FAE AA AT 4.7%cls)
F&-3tal AATHBrito, 2003). wepa] o]e} o]
Aol ke mX = HA7e A= SRk vl
e e

ARH oz AFEEY] I dFS 7NAA %
I AKGursky, 1998; Millspaugh and Marzluff, 2001) &
Al 7]/\Lo1 KN E_a]. UH x%oq?-E.O_ ?___]u]-x% og Hardy
and Greene (1999)2] Hiel] we} TA7] A H&S
A& 5% olWl® ARgstaL Stk AN B ATE
< AA i Svich AR digk dAT] vlES
oheFsiAl darsh, o] gakal Qlrh - A-A Aol A
JV\ SALSE PR EALY] A9, v]E ARl o]&
MAES 7F BA AN F Fo] HolE B
AEEE & o, A Aol gk A7) Am]
= FH4& 3.6% oletE AREStE o] F AFUE
a4 Ay Zol Y-S Zlolghar dhdm,
5 WAV FATES ARESte] TR RALL A4
HALS] PEATE TSt Ego] E sow A

zbel T},

2ho]al QAT A& 5o, T

PAFAE o8

rlo
N -m ﬂ
N,

il
>

o r?L' r*ﬂ rlr

FE NAA &

B

d
l‘

e 2
B AT 3 A WAl AE vk o
= T OB U] A SRR ATl 2
FAsel 04 1A AP £ £
A AEust SRRl Yo e,
Bit, A9%, AN, Kirk hars} A LTishn opyE
s Aol AT AT BN Y FES
SN SHEEEAL AL T, o5
A U o, eled S, ol

2} 2RO ER 28EAe 74

A

HL

N S



Jae Hoon Park - Yong Sik Hong - Hae Ran Kim - Jung Kyu Jeong - Young Han You

2Ate] EHE SARFA GPFA SN 7

A} =G,

References

Anderson, CD and Talcott, M (2006). Clinical practice
versus field surgery: a discussion of the regulations
and logistics of implanting radio transmitters in
snakes, Wildlife Society Bulletin, 34(5), pp. 1470-1471.

Bauchot, R, Chaumeton, HC, Castaing, S, Curren, T and
Borot, L (1994). Snake :
Publishing Company, New York, USA, pp. 21-25.

Boarman, WI, Goodlett, T, Goodlett, G and Hamilton, P

(1998). Review of radio transmitter attachment

A Natural History, Sterling

techniques for turtle research and recommendations
for improvement, Herpetological Review, 29(1), pp.
26-33.

Brito, JC (2003). Seasonal and daily activity patterns of
Vipera latastei in Northern Portugal, Amphibia-Reptile,
24(4), pp. 497-508.

Cant, ET, Smith, AD, Reynolds, DR and Osborne, JL
(2005). Tracking butterfly flight paths across the
landscape with harmonic radar, Proceeding of the
royal society biological sciences, 272, pp. 785-790.

Charland, MB and Gregory, PT (1990). The influence of
female reproductive status on thermoregulation in a
viviparous snake, Copeia, 1990(4), pp. 1089-1098.

Diffendorfer, JE, Rochester, C, Fisher, RN and Brown,
TK (2005). Movement and space use by coastal
rosy boas (Lichanura trivirgata roseofusca) in
coastalsouthern California, J. of Herpetology, 39(1),
pp. 24-36.

Godfrey, JD, Bryant, DM and Williams, MJ (2003).
Radio-telemetry increases free-living energy costs in
the endangered Takahe porphyrio mantelli, Biological
Conservation, 114(1), pp. 35-38.

Gursky, S (1998). Effects of radio transmitter weight on
a small nocturnal primate, America J.  of
Primatology, 46(2), pp. 145-155.

Hardy, DL and Greene, HW (1999). Surgery on rattlesnakes
in the field for implantation of transmitters, Sonoran
Herpetologist, 12(3), pp. 25-27.

Jehle, R and Arntzen, JW (2000). Post-breeding migration

of newts (Triturus cristatus and T. marmoratus) with

contrasting ecological requirements, The Zoological

Society of London, 251(3), pp. 297-306.

Karesh, WB (1989). Application of biotelemetry in
wildlife medicine. Zoo and Wildlife Medicine: Current
Therapy 4, In Fowler, ME and Miller, RE (eds.),
WB Saunders Company, Philadelphia, USA.

Kenward, R (1987). Wildlife Radio Tagging, Academic
press, New York, USA.

Kim, DI (2012). Movement pattern and home range of
the captive-breed juvenile of Amur ratsnake (Elaphe
schrenckii) in nature habitat, Master’s Thesis,
Kangwon national university, Kangwondo, Korea.
[Korean Literature]

Klug, PE, Fill, J and With, KA (2011). Spatial ecology
of eastern Yellow-bellied racer (Coluber constrictor
Sflaviventris) and Great plains rat snake (Pantherophis
emoryi) in a contiguous Tallgrass-Prairie landscape,
Herpetologica, 67(4), pp. 428-439.

Lentini, AM, Crawshaw, GJ, Licht, LE and McLelland,
DJ (2011). Pathologic and hematologic responses to
surgically implanted transmitters in eastern massasauga
rattlesnakes (Sistrurus catenatus catenatus), J. of
Wildlife Diseases, 47(1), pp. 107-125.

Lee, HJ, Lee, JH and Park, DS (2011). Habitat use and
movement patterns of the viviparous aquatic snake,

rufodorsatus, from Northeast Asia,
Zoological Science, 28(8), pp. 593-599.

Lee, JH (2011). Taxonomic status, habitat use and

Oocatochus

suitability modeling of the Amur ratsnake (Elaphe
schrenckii), Ph. D. Dissertation, Kangwon national
university, Kangwondo, Korea, pp. 51-52. [Korean
Literature]

Lee, SD (2007). A study of mammal and amphibians-
reptile species around Shin-Po areas, Hamkyungbuk-do,
North Korea, J. of Wetlands Research, 9(1), pp.
13-20. [Korean Literature]

C (1995). The Encyclopedia of Snake,
Blandford, London, UK, pp. 54-67, pp. 178.

Mader, DR (2005). Reptile Medicine and Surgery,
Elsevier, Philadelphia, USA, pp. 614-618.

McDiarmid, RW, Cambell, JA and Toure, TA (1999).
Snake Species of the World: A Taxonomic and

Mattison,

Geographic Reference, The Herpetologists' League,
Washington DC, USA.
Mech, LD (1986). Handbook of Animal Radio-tracking,

University of Minnesota Press, Minneapolis, USA,

SI=E&X(selX| A 16 HM15 (2014) 91



Effect of weight of radio-transmitters on survival of Red-tongue viper snake and Short-tailed viper snake

pp. 107.

Millspaugh, JJ and Marzluff, JM (2001). Radio-tracking
and animal populations: past trends and future
needs, Academic Press, san Diego, California, USA,
pp. 383-393.

Murray, DL and Fuller, MR (2000). A critical review of
the effects of marking on the biology of vertebrates.
Research Techniques in Animal Ecology, Controversies
and Consequences, In Boitani, L and Fuller, TK
(eds.), Columbia University Press, New York, USA,
pp. 15-64.

Olsen, GH, Dein, FJ, Harmis, GM and Jorde, DG
(1992). Implanting radio transmitters in wintering
Canvasbacks, J. of Wildlife Management, 56(2), pp.
325-328.

Reinert, R and Cundall, D (1982). An improved surgical
implantation method for radio-tracking for snakes,
Copeia, 1982(3), pp. 702-705.

Richards, SJ, Sinsch, U and Alford, RA (1994). Radio
tracking, Measuring and Monitoring  Biological

Diversity:  Standard Methods for Amphibians, In

Heyer, WR, Donnelly, MA, McDiarmid, RW,

Hayek, LC and Foster, MS (eds.), Smithsonian

Institution  Press, DC, USA, pp.
155-158.

Rouse, JD, Willson, RJ, Black, R and Brooks, RJ

(2011). Movement and spatial dispersion of Sistrurus

Washington

catenatus and Heterodon platirhinos: implications for

interactions with  roads, 2011(3), pp.
443-456.

Rudolph, DC, Burgdorf, SJ, Schaefer, RR and Conner,

RN (1998). Snake mortality associated with late

Copeia,

season radio-transmitter implantation, Herpetological
Review, 29(3), pp. 155-156.

Shine, R, Sun, L, Fitzgerald, M and Kearney, M (2003).
A radiotelemetric study of movement and thermal
biology of insular Chinese pit-viper (Gloydius
shedaoensis, Viperidae), Oikos, 100(2), pp. 342-352.

Shim, JH, Son, YJ, Lee, SS, Pack, KS, Oh, HB and
Pack, YD (1998). Ecology Study on poisonous

snake and investigation of the venom characteristics,

92 Journal of Wetlands Research, Vol. 16, No. 1, pp. 85-92 (2014)

snakebiting frequency in Korea, J. of Ecology and
Field Biology, 1998(1), pp. 58-77. [Korean Literature]

Tozetti, AM and Martins, M (2007). A technique for
external radio-transmitter attachment and the use of
thread-bobbins for studying snake movements, South
American J. of Herpetology, 2(3), pp. 184-190.

Tozetti, AM, Vettorazzo, V and Martins, M (2009).
Short-term movements of the south american
rattlesnake (Crotalus durissus) in southeastern Brazil,
The Herpetological Journal, 19(4), pp. 201-206.

Trauth, SE, Robison, HW and Plummer, MV (2004).
The amphibians and reptiles of Arkansas, The
University of Arkansas Press, Arkansas, USA, pp.
272-290.

Ujvéri, B and Korsos, Z (2000). Use of radiotelemetry
on snake : a review, Acta Zoologica Academiae
Scientiarum Hungaricae, 46(2), pp. 115- 146.

Wasko, DK and Sasa, M (2012). Food resources influence
spatial ecology, habitat selection, and foraging
behavior in an Ambush-hunting snake (Viperidea:
Bothrops asper): an experimental study, Zoology,
115(3), pp. 179-187.

Weatherhead, PJ and Demers, GB (2004). Long-term
effect of radiotelemetry on blackratsnake, Wildlife
Society Bulletin, 32(3), pp. 900-906.

White, G and Garrott, R (1987). Analysis of Wildlife
Radio-tracking Data, Academic press, New York,
USA.

White, GC and Garrott, RA (1990). Analysis of Wildlife
Radio-tracking Data, California Academic Press, San
Diego, USA, pp 383.

Winter, JD (1983). Underwater Biotelemetry, Fisheries
techniques, American Fisheries Society, Bethesda,
Maryland.

Zhao, E (1998). China Red Data Book of Endangered
Animal (Amphibian and Reptile), Science Press,
China.

4 ¢ 20139 108 1Y
g - 20134 109 159
2 ;20149 019 10¢

O O O
o> o> (f
>

1o





