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Figure 1. Study area
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Figure 2. An example of paddy field (A) and channel
(B) where snapping turtles were captured.
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Figure 3. Distribution of carapace length (A) and age structure (B) of Chelydra serpentina collected in the alien

species management program (N = 1,296)

All older individuals with effaced carapaces and uncountable carapace scutes were pooled to a category “old”.
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Figure 4. Parameter estimates of the von Bertalanffy growth curves of Chelydra serpentina

Plots and bars indicate the point estimates and the 95 % confidence intervals of the parameter values, respec-
tively.

The parameters CL«, Kk, and t are the asymptotic length at which growth is zero, growth rate, and the hypothet-
ical age at which the organism’s length is zero, respectively.
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Figure 5. The predicted von Bertalanffy growth curves of female and male Chelydra serpentina
Data for individuals of undetermined sex (unsexed) were added to each sex. The number of males (including un-
sexed) and females (including unsexed) were 843 and 619, respectively.

5. h3VFXH AD M HE R Dvon Bertalanffy D i K B #R
R FREBREEDT—R (I HEZNENITMZ TERILz, R FRBERERE LA RAEREAREA D T—45%K
[ZZENENB43MER. 619EATH S,



IUELIFR— + 4 et
SRELOEBALRL (K5 .

R

FIIEEFRIERICERS L= Y 0 A 134i%
PIRRIZ A A DRE D X 0§tk 3 2 m A8 A
bivie (K5) . —J T, A ARFI0LL E
R Zf i A MmN R b, Tk, 4k
P BSIREIC A APRHERRHA L, =R LF—D
BEERENDBEIHA~LY VX 272072
EHELZR SN D, TAVE TS, HIFEYE bk
IRBE CRRIN DS WERE S 7= Fe /b Ol (R 134 H
F169 mmTHh 2 LI TnD GEHIZ
My, 2017) o FE 7o AR OO BRI SR I 2m%
T0.4%, 3% T74.2%, 47% T99.4%, Sk LK
IX100% Th 2 LE SN TEY GEHIEH,
2017) . AWML OFERIL AT & B S
5, 22U, BRIZEEZE LI Y XA
D FEA & IR ERAT LR & O XHIE BIGR & R
i L7=FFlIEHmE SN T o T, REEIE
A AT L LT D 2 & OB VEE MRGE
THZENREE LTEEINTWD,

ABFTE L0 . FE B sk (R O A A 1%
AALD B RELKET D ENREINTE
(113, 4, 5) . —MB9C, B AFEITITMER =
ERRONDZ ENRMLNTEY, KITHf
TTHHIVIHANIAADFNKE L
ET 25208 EINTUW D (Ermnst,
2008) . TE- T, FIFEE MBEARRE TR &
NIARY A ZOVEZEIEIH I Y X H A DNTE
W72 BB EIC LD b o TH D EEZD
b,

von Bertalanffy D i} K HHARET L L0 | A
AW HE200 mm (R R_R=T MO A
ADPERBY A X, £1) 1CETHETICHE
THRERIIE, REMTHDIT AU AR
[E « X _=T ML E T 5 Powdermill
Nature Reserve® il {&H#F TILAI115% (Hughes
and Meshaka, 2020) . 4 « A& U AN
A& 3 5 Algonquin Provincial Park D[ {A&7##
(b BRIk & 30) CTIE K20 T D — 5 T
(Armstrong and Brooks, 2013) . FIf&H it
EAARE TIX6-Ti% & U 2 & DSARFZE D #E 3
NHRBE Tz (M5 , Ix T, HIEE

SCABAREE D A A 3R EE oD fh Ol (AR BE & b
12 U CRARBRAE SIS K OVREEMA o X3
INSNWZ ERFBNTND (K] ., Zhb
%, FHIIE VR b D K I ICEE L7e 2
xRN ANTIRER DL  OMEAERE L LT
RENFEWZ L &ZR LTV D, 7ok, HEE
WTH>THLHAMIBWOET (7 AV DER
« 7 XY ZM) IZALE T 2 Spring Lake D
REE (R PRIRE D) Tik, ABE o EkEE I
HARTHERRWZ ERAHREIR TN D

(Suriyamongkol et al., 2023)

FI 5% V8 It S A D Rl = 3R e S v 7 B
Ke LT, B ICRBERIENH T b
Do WIVXHTAZITLD LT HUAKMED
AHIISMERE CTh D700, BEEATEIWH
EITERIR - KRR KREIZAELE S D, %<
DKM AHIE, KIEAN3-200% 2 T 1Al 5
EBREETEME N K T3 5 72 % (Ernst, 1986;
Sidis and Gasith, 1985; Davenport and Ward,
1993) | @WRIRZ R TE 2 X0 iEER
M TIET R D ROWHIREREE 21T 5> 2 &8 T
LRI RY, TS THRED RS
5 ETRIND, EERIZ, IV FTA
IR ERIZ B W T, R tikicARET 5
AR T e~ TR IS 7 Hit sk O BHREE 13 Ak &
NEWEREINTEY (Brown et al., 1994;
Suriyamongkol et al., 2023) . Ff% sk @ (4
HTRONTERVEERITIERZ2KEICLD
WELEZITTbDOEMEIND, MA T,
FURE I IE I I Y X T AR T HH
TR, WEEER Y. WakdE, MR
HIFEOLTELRREHAEY (HFHIED, 2012;
NEELE 5, 2015; TN, 2019) AAEE L TE
V. FICEEREEMESNDT AU D
W U 4 = (Procambarus clarkii) & =
(Phragmites australis) (Gt 1% 7>, 2012)
TEDEZATRLN D, RUFTEDREFR
I, AE7T AU B TiTho e B & O TR
AT, R R L BE R Y OFIE
DIV FHADREKRINZEET D L fbmlt
\J 7=Steyermark (2008) & FJE LR\ H DT
H D

ABFZED X 512, SORIEDBIERIC L - T



—Y

IYXHTADMES

FIRE ik

(8007) 'Te 30 uOp3u0) {($86 1) suOqqID pue Uopsuo) 0Tt L oATIEN €ee eurjoIe) INOS vsn
(800¢) uosIaA pue [[o]N 002 T1-01 oATEN Sor erueAjAsuuo g vsn
(8007) ‘& 10 SUOqQID :(6L61) UG PuB USSUBISLIY) 67T 6 oAnEN €1t emo[ vsn
(L661) “Te 10 U0SIoA] (574 I oAnEN 0Ty 2 HALEIN vsn
(800T “L861) "Te 10 uopSu0) SLI I oAnEN STy ueSIyorN vsn

(8007) '1e 10 uopSuo) 9%C L1 oAnEN S'Sy OLIEJUQ epeue)
(L10D) <14 T¢ 691 14 Uty 8's¢ utseq pwnuequy uedef

AUAIJY (wur) (s1eak) uIsLQ apmpe| BIR ApN)S Anuno)

funjew jeozig  AInjent je 33y

NN

(8007) UosiaA] pue || (8007) Ie 32 UOPBUODZ/C Ly 2—T 3 “RIEH=\ 12U |5 R§—LEXEXOIZENOWI WX OB E "N ZI2F2
(800T) U0s4oA] pue |ION Z (800%) I8 32 UOPBUODZ/C L2 —T QLI *QUIL LR T O\ L USRS X H |5 R1 X ) A0 2 4 1B el 3%
BEEWHTOETREI LS AEHOLAOCYFASY L

*SIDUIIIJII SE PI)SI] PUEB PIMIIAIL dTIM

YOIyM (8007) UOSIIAT pPUE [[OTAl PUE (8007) ‘T& 32 UOPSUO)) PIAISI] IM ‘SIIYIILISII Y0 Woaj eep pIysIqndun pue s32UIJI1 SNOIIUINU PIJID JBY) IS0Y)
a0y ‘vunuadias +) jo eyep dydeigowdp 3y) Jo uoneLieA [d1Ydei3093 ay) pamdIAdL oym (80(7) UOSIIA] Pue [[OJA Pue (8007) ‘I8 39 uopsuo)) uo paseq
P9IONIISUOD IIIM SI[QE T, "3ANJLINI P 3Y) ul pajarodoa vunuadias nipdjoy) jo KAyanjewn je IZIS pue I3e Y} JO SIN[BA WINWIUIW Y} PIQLIISIP IA
vunuadias papdjay) Jo L)rinjen ye dge pue IZIS AY) ul uoneLIea dydess09o 1 dqe],



IVELF— - AiEs

BonlSBEROBEOEREZ LT < IEH
T 5L T, 6T RAE D A HE A R S0 [ EE H
OEEREE OMERZHET HZ N TE
X012 D, AHIT, BRFEETIEL
il E EFESIEHA L, AR ATE L %
oML T & e bz, ZRMIZEHRR
T 52 LM ATRER IS A AT L T 2 &
NHEFEND,

# O

IR ADOFAEREZBEBRL TN
W TFERRO G A, BRANEZIT- T
W2 TR T T RE RS R OV BT RS o B AR
F. IV XHABBREHEY LTV eRiE:
H. NHERICAEKRR B E 2o - T35
RSN ¥ —FTEEOF K, K
FROUGTIZA W72 T8 S & - 7224 DAt
FIEHB L B 5,

51 A X &

Armstrong, D. P., and Brooks, R. J. 2013. Appli-
cation of hierarchical biphasic growth models
to long-term data for snapping tur-
tles. Ecological Modelling 250: 119-125.

Brown, G. P., Bishop, C. A., and Brooks, R. J.
1994. Growth rate, reproductive output, and
temperature selection of snapping turtles in
habitats of different productivities. Journal of
Herpetology 28: 405—410.

THER 2021, TERIZBTHH IV X T AL
PR N 5 E T (7 FN34E3 ] dUE).
THER 2025, THERICBTHH IV X T AL
PrICFEFrEE (BFn 74 3 A R UUE)
TFHRERBRBEAF 71 > & — 2008. 2 HIfgA & =
DiLhk. p 5-13. FIfEHEZ T 7 /L& LIZRE
T E B 1 DB E & BAICET S
WFEER S . https://www.pref.chiba.lg jp/wit/
suishitsu/inbanuma/ (5 #& G % H 202343 H 7
H)

Christiansen, J. L., and Burken, R. R. 1979.

Growth and maturity of the snapping turtle
(Chelydra serpentina) in lowa. Herpetologica

35:261-266.

Congdon, J. D., and Gibbons, J. W. 1985. Egg
components and reproductive characteristics
of  turtles: relationships  to body
size. Herpetologica 41: 194-205.

Congdon, J. D., Breitenbach, G. L., van Loben
Sels, R. C., and Tinkle, D. W. 1987. Repro-
duction and nesting ecology of snapping tur-
tles (Chelydra serpentina) in southeastern
Michigan. Herpetologica 43: 39-54.

Congdon, J. D., Greene, J. L., and Brooks, R. J.
2008. Reproductive and nesting ecology of
female snapping turtles. In: Steyermark, A.C.,
Finkler, M.S., Brooks, R.J. (Eds.), Biology of
the Snapping Turtle (Chylydra serpentina).
The Johns Hopkins University Press, Balti-
more, MD, USA, pp. 123-134.

Davenport, J. And Ward, J. F. 1993. The effects
of salinity and temperature on appetite in the
diamondback terrapin Malaclemys terrapin
(Latreille). Herpetological Journal 3: 95-98.

IR, fERZR R ESRAEY T 1Y X0
A1 12 2 ™ T, https://www.pref.ehime.jp/
h15800/kamituki.html. (fc# Bl % H 2023483
H13H)

Ernst, C. H. 1986. Environmental temperatures
and activities in the wood turtle. Clemmys

insculpta Journal of Herpetology 20: 222-229.
Emst, C. H. 2008. Systematics, taxonomy and

geographic distribution of the snapping turtles.
In: Steyermark, A.C., Finkler, M.S., Brooks,
R.J. (Eds.), Biology of the Snapping Turtle
(Chylydra serpentina). The Johns Hopkins
University Press, Baltimore, MD, USA, pp. 5—
13.

S KfaxtRZEB S 2006, FRLL6 - 1T4EEE 4
RFEXIRFZE U IV 0 A LR RAH
L TR [ THERERZ A

Galbraith, D. A. 2008. Population Biology and
Population Genetics. In: Steyermark, A.C.,
Finkler, M.S., Brooks, R.J. (Eds.), Biology of
the Snapping Turtle (Chylydra serpentina).
The Johns Hopkins University Press, Balti-
more, MD, USA, pp. 168-180.

Hughes, D. F., and Meshaka Jr, W. E. 2020. De-
mography of Aquatic Turtles (Chrysemys pic-
ta marginata and Chelydra serpentina serpen-
tina) in Southwestern Pennsylvania. Annals of
Carnegie Museum 86: 361-376.

Iverson, J. B. 1991. Patterns of survivorship in
turtles (order Testudines). Canadian Journal of
Zoology 69: 385-391.

Iverson, J. B., Higgins, H., Sirulnik, A., and Grif-
fiths, C. 1997. Local and geographic variation
in the reproductive biology of the snapping



turtle (Chelydra serpentina). Herpetologica
1997: 96-117.

Kagayama, S. 2020. Geographic variation in the
growth of Japanese pond turtles, Mauremys
Jjaponica, in the flatland and mountain regions
of Chiba Prefecture, Japan. Current Herpetol-
ogy 39: 87-97.

NNEESEHT 2019, INEESEHT, Y ¥ 0 A 28

O RSN T T R, B

INERIEH 2024, H il o BRIEDE K HUIZ 51T 5
71 X % H A Chelydra serpentina® &% . &
W) K2 2H B FE A 75 - 174-178.

TNEESEE - FRETE S 2012, Hrit] SRR )1 KR
WZBITFDH IV XH A Chelydra serpentina
(Testudines, Chelidridae) @ & 7. HfE H X
it 5:41-44.

INAE SR - A R ETIL - (Em s - N B s
2015. 71 X % 5 A Chelydra serpentina
(Testudines, Chelidridae) DIH{LE NEM D>
DIER SN 7 YT A Mauremys reevesii
(Testudines, Geoemydidae) D FCdk. W H 24
6 8: 1-3.

Kobayashi, R., Hasegawa, M., and Miyashita, T.
2006a. Home range and habitat use of the ex-
otic turtle Chelydra serpentina in the In-
banuma Basin, Chiba Prefecture, Central Ja-
pan. Current Herpetology 25: 47-55.

Kobayashi, R., Hasegawa, M. and Miyashita, T.
2006b. Population parameters of an alien turtle
(Chelydra serpentina) in the Inbanuma basin,
Chiba Prefecture, Japan. In: Koike F, Clout
MN, Kawamichi M, De Poorter M, Iwatsuki K
(eds) Assessment and control of biological
invasion risks. Shoukadoh Book Sellers &
TUCN, Kyoto, pp 168—-169.

fig R+ 2023, I RATNTOL I 504
AL S IRTE R D WIFCEk. & o il B P v
2023(1): 31-35.

Lindeman, P. V. 1999. Growth curves for
Graptemys, with a comparison to other
emydid turtles. The American Midland Natu-
ralist 142: 141-152.

Lovich, J. E., Ernst, C. H., Zappalorti, R. T., and
Herman, D. W. 1998. Geographic variation in
growth and sexual size dimorphism of bog
turtles (Clemmys muhlenbergii). American
Midland Naturalist 139: 69—78.

Moll, D and Iverson, J, B. 2008. Geographic vari-
ation in life-history traits. In: Steyermark,
A.C., Finkler, M.S., Brooks, R.J. (Eds.), Biol-

FIG RIS X % 1 A D4 —
ogy of the Snapping Turtle (Chylydra serpen-
tina). The Johns Hopkins University Press,
Baltimore, MD, USA, pp. 181-192.

Nishimoto, M., Miyashita, T., Yokomizo, H.,
Matsuda, H., Imazu, T., Takahashi, H., Haseg-
awa, M. and Fukasawa, K. 2021. Spatial opti-
mization of invasive species control informed
by management practices. Ecological Applica-
tions 31: €02261.

WP GERE - RFEER 2017, ) 1B R Tl
ST Y F AT A AR AR 20:
15-17.

Ogle, D., and Ogle, M. D. 2017. Package
‘FSA’. Cran Repos 1-206.

R Core Team. 2019. R: A Language and Envi-
ronment for Statistical Computing. Available
via https://www.r-project.org/ (accessed 12
March 2020)

YEERE - PR - Wl - - RIS HED
F2008. FEFSRNICRB T 50 I Y T AD
HE - RIS DN T BB IR AR
EERDE SRS 12: 79-82.

Sexton, O. J. 1959. A method of estimating the
age of painted turtles for use in demographic
studies. Ecology 40: 716-718.

Sidis, I. And Gasith, A. 1985. Food habits of the
Caspian terrapin (Mauremys caspica rivulata)
in unpolluted and polluted habitats in Israel.
Journal of Herpetology 19: 108—115.

Steyermark, A. C. 2008. Growth Patterns of
Snapping Turtles, Chylydra serpentina. In:
Steyermark, A.C., Finkler, M.S., Brooks, R.J.
(Eds.), Biology of the Snapping Turtle
(Chylydra serpentina). The Johns Hopkins
University Press, Baltimore, MD, USA, pp.
111-119.

Suriyamongkol, T., Rose, F. L., and Mali, I
2023. Estimates of somatic growth rates of
common snapping turtles (Chelydra serpenti-
na) in Texas, USA. Herpetological Conserva-
tion and Biology 18: 196-203.

I - RIREE - SR - R
% 2017. TEERAEHAKRICBT L0 I
x 0 A OBIEBA AR, HARRAK AT A
WA TR E B, WENPOIEN  AERE
T HUAR. 45-48.

SRR - AR - B EPERRT 2012, THERE]
JEHBAKFRIZ I T DRI I F 97 A
(Chelydra serpentina) OREVE. ZYRKF R
AT 48: 13-17.



IVELF— - AiEs

WHRE - BEHE R « BIEEIRER 2024, B & 5 18: 39-42.
BEXWEEHcBIT A0 I Y0 AL Wilson, D. S., Tracy, C. R., and Tracy, C. R.
SR E 8. 5 E BT SR Ot R 2 8 2003. Estimating age of turtles from growth

rings: a critical evaluation of the tech-

F OHMEILA - T274-8510  TEERMEM = L2-2-1 TIER =R A 20 A RGEXR
hik% E-mail: geoemyda.s @ gmail.com

“ Growth patterns of an invasive alien species, the common snapping turtle (Chelydra serpentina), in the pad-
dy fields of the Inbanuma basin in Chiba Prefecture, Japan” Report of Chiba Biodiversity Center 12: 1-
10. Shawichi Kagayama, Takeshi Imazu

Abstract: In the Inbanuma basin, located in the northern part of Chiba Prefecture, the introduced common
snapping turtle (Chelydra serpentina) has become established, raising concerns about its impact on
native ecosystems, agriculture, fishery industries, and human suffering. This study clarifies the life
history of C. serpentina invading paddy fields along the Inbanuma basin, by evaluating the relation-
ships between body size (carapace length) and age based on the von Bertalanffy growth models. The
predicted growth curves indicated that males become larger than females. In addition, the present
study indicates that the Inbanuma basin population grew faster than a population in the northern
proximity of its native range.

Keywords: eradication measure, freshwater turtles, population structure, life history, Shimousa upland
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