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Grazing effects of the red-eared slider Trachemys scripta elegans on the endan-
gered gorgon plant Euryale ferox in the moat of Hikone Castle. Tomoki Sogabe,
Misako Urabe (Department of Ecosystem Studies, School of Environmental Sci-
ences, The University of Shiga Prefecture) and Teruyo Watanabe (The Conserva-
tion Project of gorgon plants in Hikone Castle)

The endangered gorgon plant, Euryale ferox, has been designated as the natural monument of Hikone
City. The moat of Hikone Castle is its only habitat in Shiga Prefecture, but it has disappeared from
there since 2012. Many exotic invasive turtles, red-eared sliders (Trachemys scripta elegans), which feed
on some aquatic plants, inhabit the moat. Therefore, we hypothesized that red-eared sliders pre-
vented the growth of gorgon plants in the moat by grazing. A diet analysis showed that turtles
mainly grazed on reeds, Phragmites australis in April in the moat, and on algae in October. A feeding
experiment showed that turtles prefer gorgon plants to reeds. These results suggest that red-eared
sliders must consume gorgon plants just if the plant is available for them, The survival rate of the
gorgon plants was improved in June by enclosing them with fences with 10-mm mesh opening. To
enclose gorgon plants with fences with 40- or 10-mm mesh opening suppressed the rate of petioles
cut by some animals. However, the petioles were often cut also in the enclosures. We found many
young crayfish, Procambarus clakii, were invaded in the enclosures, and inferred they cut petioles.
Our results strongly suggested that gorgon plants were fed by not only red-eared sliders but also

crayfish.
Keywords: Trachemys scripta elegans, FEuryale ferox, grazing effect, alien species, conservation
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Fig. 1. Schematic description of the moat of
Hikone Castle (left) and the growth
area of gorgon plants in 2007 (right).
Left figure: solid area, land; white
area, moats. Right figure: 'X', location
of enclosures; slash, weirs.
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Fig. 2. Histogram showing carapace length
distribution of Trachemys scripta elegans
from the growth area of gorgon
plants, collected in 2013.

Table 1. Estimated population size of three species of turtles in the moat of Hikone Castle.

Estimated

Number of - .
population size

Estimated day Species Methods marked (95% confidence
individuals i"nterval)

19 Apr. 2013 Trachemys scripta elegans — Jolly-Seber Method T2 108

29 Apr. 2013 Mauremys japonica Petersen Method 14 18 (1—34)

29 Apr. 2013 M. reevesii Petersen Method 7 13 (8—17)
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Table 2. Result of experiment for food pref-
erence of red-eared sliders in 24
hours on September 11, 2013. +++
:All petioles and stalks were com-
pletely cut. ++ : Parts of petioles
and stalks were cut. + : Only bite
marks. - : No grazing.

Cara- 1y 9y 94

Food items Individual Sex ;P2 hours hours hours
No. length
later later later
(mm)
Euryale ferox No.l % 240 B S e S
No.2 & 189 ++ ++ ++
No.3 % 248  +++ 44+ 44+
No.4 % 219 N
Nelumbo nucifera  No.l + ++ i
No.2 + ++ +++
No.3 B T S
No.4 ++ ++ o+
Phragmites No.1
australis
No.2
No.3 - + ++
No.4 - - T+t

Table 3. Result of experiment for food pref-
erence of red-eared sliders in 24
hours on October 21, 2013. Symbols
are the same as Table 2.

Cara- 4 20 24

Food  Individual pace
. Sex hours hours hours hours
1tems No. length later later later later
(mm)
Euryale Nob & 215 - ++ ++ ++
Sferox
No.6 191 - - ++ ++
No.7 % 220 - - - ++
Nelumbo No.b5 - + + +
nucifera
’ No.6 - - ++ ++
No.7
Phragmites  No.d
australis
No.6
No.7
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Fig. 4. Histogram showing the longevity of gorgon plants introduced into the enclosures. All
the plants survived over 40 days after introduction into the enclosures put out

cleistogamous flowers and seeded.
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Table 4. Rate of individuals survived over 40 days after introduction to the enclosures.

Introduced date control 40 mm mesh 10 mm mesh
16 Jun. 2013 00 (n =9 00 (n =9 333 (n =9
23 Jun. 2013 0.0 (n =6) 0.0 (n =6) 16.7 (n = 6)
16 Jul. 2013 50.0 (n = 6) 66.7 (n = 6) 50.0 (n = 6)
6 Sep. 2013 66.7 (n = 3) 75.0 (n = 4) 0.0 (n =2

40 days after introduction to the enclosures.

Table b. The result of the logistic regression analysis for the rate of individuals survivied over

Coefficients Estimate Std. error

z value

P
Intercept -1.335 0.503 -2.656 0.008  **
40 mm mesh 0.391 0.672 0.582 0.561
10 mm mesh 0.508 0.677 0.751 0.453

Table 6. Rate of petioles cut by animals per total petioles.

Introduced = Experimental

date period control 40mm mesh 10mm mesh

raw data

16. Jun. 2013 5 days 914 (n=35)  63.0 (n=27)  52.3 (n=44)

23. Jun. 2013 7 days 48.3 (n=29) 21.9 (n=32) 25.6 (n=39)

16. Jul. 2013 7 days 25.0 (n=28) 20.0 (n=30) 10.4 (n=48)

6. Sep. 2013 6 days 2.9 (n=35) 11.1 (n=36) 12.9 (n=62)
Experimental periods adjusted to 5 days

16. Jun. 2013 91.4 63.0 52.3

23. Jun. 2013 34.5 15.6 18.3

16. Jul. 2013 17.9 14.3 7.4

6. Sep. 2013 2.4 9.3 10.8
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Table 7. The result of the logistic regression analysis for the rate of petioles cut by animals

per total petioles.

Coefficients

Estimate Std. error

z value

P

Intercept -2.367 0.604 -3.920 8.84E-05 ***

Introduced date: Jun. 23 (Jun-23) 2.436 0.709 3.436 5.90E-04 ***

Introduced date: Jul. 16 (Jul-16) 3.466 0.745 4.652 3.29E-06 ***

Introduced date: Sep. 6 (Sep-6) 5.951 1.180 5.043 4.58E-07 ***

40 mm mesh (40) 1.837 0.724 2.538 0.011 *

10 mm mesh (10) 2.276 0.675 3.372 TATE-04 **

Jun-23 %40 -0.633 0.919 -0.688 0.491

Jul-16 x40 -1.549 0.960 -1.613 0.107

Sep-6 x40 -3.341 1.354 -2.468 0.014 *

Jun-23X10 -1.280 0.835 -1.500 0.134

Jul-16X10 -1.178 0.932 -1.264 0.206

Sep-6% 10 -3.950 1.276 -3.097 0.002 **
BUWEROZNE S (A0mm A v ¥ 2 WLER, DI, =vrm—ve—05|& RFIick > TRE

p<0.05; 10mm 4 v ¥ 2 L, p<0.001), 9 H
6 HOBAHLIZME, WA v v 2 LB HEIX
0 HEOVEZE/RL TV (Table6), 40mm* v
Yail0mmA v ¥ aTiE, 10mmoDid 5 B+
ERRUIWER SIS s GG b H > 72hs (6 H16
HBXUTHISHEA), FEASENRSNR
WG bbb o7 (6 H23HBELTU 9 H 6 HEA),
RHEMEHIZ>VTiER, BAHIH 6 HOLAICS
VT, WAD Ay v UEK E ORiIcRtE i
(40mm A v ¥ 2 LE p<0.05; 10mm A v ¥ =
WL, p<0.0D,

TV =Y —REFNTHENM LAY
BHTIE, 7v—F IVLepomis macrochirus DHEFDH
GEF 3RS NI, £, =¥ /v —Yp—
~NORAEYIOHR#EZE T, TH»S12HZF T,
10mmA v ¥ 2 UEEXIZBWT, Ay vada X
LD ERZTWT XU HH Y H = Procambarus
clarkiit K7V —F DR SN/, THNPS
10 oficid, 10mm2 v ¥ 2 EXNTY v 77
T )VRana catesbeiana® I bBE s NI, TH

SNHEYIO S B, FHEEZE L L0l
REINLEAEMIZS>WT, *DCPUEATFig.
SITRT, F7o, AABXULHICEBE LA
EDIT & B TEWAEYIHEOREER b Fig. 5 1T/R LT,
10mm # v ¥ 2 X (3]) o5 EFick s
GHHRER ORI, 74 ) ) H=132013
T H30H O2UEE, v v A T L OPHE 20134
7T H128 ©125M 1k, 7 v —F L 3201349 H 6
HD10fEATH - 72,

Esh 3HOAYOLRE, TA Y AY
) H =1330~T70mm, v ¥H T IVDEH1F62~90
mm, 7V —FE30~3TmmTh -7, T4V
HHN)HF =TI, 10mm* v a2l <hikids
NV EEIImmoO@Rb T v/ o —-Y v —AT
mEsNk, TOoz v o —-Yr—NTE, T4
VA S A= OB BIZEE S N, 20134E T H
12HITE, 120z vy o—v ¢ —75122{0K
DU VA TIVIHESRES NI, T v a—
Ve —NOA =N, BERAFECERDOY
WHRERIZ R S iah - 7, BREEShIc TV —F L
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Fig. b. The seasonal variation of CPUE of
species collected in 10 mm-meshed en-
closures. The CPUE from April to
May show the number of collected
animals per trap per 24 hours, and
those from July to October show the
number of collected animals per enclo-
sure per 14 days.

F, $TI0mmA v ¥ 2% ik o h
BRESTH-1eo TV =Y+ —NTHRES
nicz oo BV, A A4 7 F N R Micropterus
7
T F 1 T ¥ Macrobrachium nippo-
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nense T - 12,

R
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METRFERICB VT, £ v v 2 MEXET
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BARICK > TEILT 2 2 ERBE N, T2
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THS T EICE > TH =" RDEFEHD S S
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Too BARHHIC X 2HEEOEVE, 517 —
7 %0 L CHRE T 208 N H B, i, A=
N Z OERYIMTERIZ, 6 H16H 2 5 oAk T
VoL b &m<d, £/, 9HEOHMLSOH
MM AR, HHEXTE A v v 2 LD b
Mmote, TORERS, v v FRIEA = N2
DRFHITHNTH B0, ZORhEEFHKIcL - T
ZAbd BT &2 HL 72,
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HEH) THotoo A4 T FINZ, HLANF—,
vF¥E, HFH, AU BHBNETH LD, &
NZEERT L EFERIC 0, T, aA,
7 FHRMANETH 24, HAEMER VAL TE
AT D, ERERICE > S L TEAaY
ZCEREZICL WV, T—Foh TG
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