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Abstract: The digestive tract represents a functional link between energy intake and energy allocation in
vertebrates. lts mass and length are highly sensitive to environmental adaption, and is of flexibility. In this
paper, sexual and seasonal differences in body mass, snout-vent length ( SVL), wet and dry carcass mass
indices, as well as wet and dry mass indices, and length indices of total digestive tract and different portions
(oesophagus, stomach, small intestine, and large intestine) of digestive tract ( Two way ANOVA) were

measured in black-spotted pond frog Pelophylax nigromaculata captured in summer (8 males, 8 females, n =
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16) and autumn (10 males, 9 females, n = 19) 2012, and in spring (9 males, 8 females, n = 17) 2013,
respectively from Liaocheng city, Shandong province, China. If some indices showed significant sexual
differences, seasonal variations of those indices for any gender were further analyzed by one way ANOVA. The
results were as follows: 1) Body mass and SVL in females were higher than in males, and both were higher in
autumn than in spring or summer for both sexes. Wet carcass mass index in males was higher than in females,
and was greater in summer than in autumn for both sexes. No sexual and seasonal differences were found for dry
carcass mass index. 2) All the wet mass indices of total digestive tract and different portions of digestive tract
except for oesophagus wet mass index in females were higher than in males. All the wet mass indices of total
digestive tract and different portions of digestive tract except for the stomach wet mass index in spring or autumn
were greater than in summer. Both total digestive tract and stomach dry mass indices in females were higher
than in males, but not for the oesophagus, small intestine and large intestine dry mass indices. All the dry mass
indices did not show seasonal differences. 3) No sexual differences were found for the length indices of total
digestive tract and different portions of digestive tract except that large intestine length index in females was
higher than in males. The length indices of total digestive tract, oesophagus and stomach in spring and autumn
were higher than in summer, but not for small and large intestine length indices. These results indicate that the
mass and length of different portions of digestive tract in Pelophylax nigromaculata change with seasons, and

display some flexibility characters, which may be related to the functions of digestive organs and diversities of

life environments.
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Table 1 Sexual and seasonal differences in body mass, snout-vent length, wet and dry carcass mass indices

in Pelophylax nigromaculata

il K% &S = FAEFI P (8
Gender Summer Autumn Spring F and P values
FEA KL é 8 10 9 i el F x HE
Sample size Q 8 9 8 Season Gender Season x Gender
R () & 29.705£2.625"  37.780 £3.470" 21114 £1.768"  Fh 4 = 16.070  F, = 27.441 F, = 1.806
Body mass Q 37156 £3.455" 58115 +5.302"  38.174 £3.125 P <0.05 P <0.05 P >0.05
A (em) & 7.20.1% 7.6 0.3 6.6 +0.2" Fyu=T191T F,=32251 F,,=2673
Snout-vent length Q 7.7 +0.3" 8.8 +0.3" 8.2 0.2 P <0.05 P <0.05 P>0.05
JARBEERE(%) & 83.827+2.780"  72.473£3.567"  82.640 £0.816"  F, 4 = 19.519  F, = 12.271 F, = 1.231
Wet carcass mass index @ 81.308 £0.860°  65.340 +0.686°  72.994 +2.319" P <0.05 P <0.05 P >0.05
JAATEZS (%) & 20.389 £0.524 18.968 £0.710  20.760 £0.340  F 6= 2.222  F,,=3.530 F,, = 0.020
Dry carcass mass index @ 18.752 £0. 654 17.505 £0.251  19.504 +2. 143 P >0.05 P >0.05 P >0.05

TR 3R 75 22 43 BT HE B0 4% JTUHR A B e ) 0 21 2 57 5 B IR0 R O 28 0 AT LU BB TR 4R T T R A i M R e g Rl 25 5% 0 Rl — AT
AR FHRACR TR 2E 57 B3E
Sexual and seasonal differences-two way ANOVA. Seasonal differences of other parameters except for dry carcass mass index for any

gender-one way ANOVA. The different letters in the same line represent significant seasonal difference.

R2 ERNABAHSHLERSREERBNMEINNETEZSR
Table 2 Sexual and seasonal differences in wet mass indices of total digestive tract and different portions of

digestive tract in Pelophylax nigromaculata

5 H% (&S w5 F{HA P {H
Gender Summer Autumn Spring F and P values
REA KL é 8 10 9 Fh P51 FA x
Sample size Q 8 9 8 Season Gender Season x Gender
MBI ERE(%) 8 3.123+0.298"  4.055+0.145°  3.424 £0.218""  F, 4= 6.106 F, = 17.083 F, ;= 5.168
Total digestive tract wet | '
. 3.767 £0.209” 4.248 £0.275" 5.223 +0.393" P <0.05 P <0.05 P <0.05
mass index
EERERE(%) & 0.383£0.002"  0.578 £0.064°  0.514 £0.055"  Fr4=3.925  F 4= 1519 F,,=0.043
Oesophagus wet
) Q 0.465 £0.072 0.663 +0. 045 0.563 +0. 091 P <0.05 P >0.05 P >0.05
mass index
BERH(%) é 1.651 £0. 161 1. 638 +0. 062 1.481 +£0. 076 Fyu=2T712 F 4=10.007 F,, = 5.380
Stomach wet a \ )
? 2.032 +0. 165" 1.546 +0.211° 2.355 +0. 188" P >0.05 P <0.05 P <0.05

mass index

INGIBERS(%) & 0.856+0.119"  1.470 £0.084* 1150 0. 110"  Fr 4= 20.693  F| 4= 11.005  F, 45 = 4.071

Small intestine wet

? 0.932 +0. 092" 1.627 0. 128" 1. 813 0. 125° P <0.05 P <0.05 P <0.05

mass index

KGR ERB(%) & 0.234 £0.025"  0.369 £0.041°  0.278 £0.016"  Fy 4= 6.149 F, ;o= 19. 602 F, ;o = 3.553

Large intestine wet L "
? 0.337 +0. 022" 0.412 £0.016™  0.492 +0.058" P <0.05 P <0.05 P <0.05

mass index
WU 27 22 3 7 e B0 45 T8 B 1 M 0 R 2R 22 555 SR PR 307 22 40T LA BR B B RO e = 22 5. W —AT
AN FEARRFAT R 25 BE

Sexual and seasonal differences-two way ANOVA. Seasonal differences of other indices except for oesophagus wet mass index for any

gender-one way ANOVA. The different letters in the same line represent significant seasonal difference.
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0.299 +0.020); BERHELENTHEET,
NIRRT e - R 1 & |
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<0.05), Klped R8RS T 52 3,
MidkF o T E (R R 2001, Mk
F,, = 5.187, P<0.05; Milk. F,,, = 4.542,
P<0.05) (£2), MEpMmEyxaiHEiEER
B BAER, XA & BOW 8 R 80 3¢ BAE
M(E2),

2.3 EWMEHEABEACERSETEREN
MAMFFES WHEFEMTEY, B
b3 T 5 R BOME T 5 R SO bk (I Ak il T 8
ZH: 5.113 £0.216; H T8 A% 2.224 +

0. 101) ¥R F Mk (AL IE T8 R % 4.050 =
0.225; BT HEAH: 1.625£0.072), H¥ T
FhtkES (K3, BE MMKRETER
BB 22 5, WG A M 22 e (3R
3) o BRETEHRBIN, PEF0 XS S A
TH AR TEZBI LA (ERS) .
2.4 ERMEBEESEHLEREERKERY
PN METESR Ry 20 RY,
(200 1+ 1.2) B9 R K R BOR T Mk (16.9
+0.8), HEFTMEZER (K4, BHLEK
Je H A 2% Be i) K R MO ok 22 5 5 BH AL
HR BEREERKRABKFNERHEG T E
F, N R FBIFFEER (F4) . PRI
FAR EBHATE R MR AR KRB
AR, EXRGE RO E KRR s AR
(F£4).

R3 ERMABAESHLERSRTERYNMNNETESR

Table 3 Sexual and seasonal differences in dry mass indices of total digestive tract and different portions of

digestive tract in Pelophylax nigromaculata

mass index

PES 0% e e F R P
Gender Summer Autumn Spring F and P values
A 8 8 10 9 st 5 F ox
Sample size Q 8 9 8 Season Gender Season x Gender
BEAETERE(%) & 3. 818 +0. 480 4.615 £0.379 3.628 +0.247 Fog= 1645 F 0 =12136 F, , = 0.582
Total digestive tract dry
. 4.916 0. 473 5.291 +0. 321 5.109 £0. 363 P>0.05 P <0.05 P>0.05
mass index
BETERR(%) I} 0.612 +0. 162 0.730 0. 118 0.539 +£0. 051 F 6= 2.345 Fi 4= 2.363 Fy 46 = 0.031
Oesophagus dry
. ? 0.750 0. 116 0.877 0. 050 0.638 £0.071 P >0.05 P>0.05 P >0.05
mass index
HTEZRE(%) é 1.585 +0. 168 1.778 0. 107 1.491 £0. 094 Fr46=0.275 F 4=27.246 F,, = 3.958
Stomach dry
. Q 2.287 +0.177 1.962 +0. 193 2.457 +0. 105 P>0.05 P <0.05 P <0.05
mass index
INGTERZE(%) 6 1.211 £0.273 1.720 £0. 240 1.255 0. 192 Fru=3127  F =204 F, = 0.065
Small intestine dry
. . Q 1.399 +£0.229 2.003 £0. 153 1.618 £0.315 P>0.05 P>0.05 P>0.05
mass index
KinTERE(%) e} 0.410 0. 089 0.386 +0. 061 0.343 £0.052 F, 46 = 0.548 F 4= 1.098 F, 4 = 0.006
Large intestine dry
? 0.480 +0. 116 0. 448 +0.027 0.396 +0.071 P >0.05 P >0.05 P>0.05

XUIH 2R 75 22 53 H OB 2% RS b B P00 A 2y 22 55 BRI R 07 22 0 A LU B M AKGE A B T R BOHE VI RE R = 2 R 0 W —AT

PARFHAERTHHNZEREE .

Sexual and seasonal differences-two way ANOVA. Seasonal differences of total digestive tract and stomach dry mass indices for any

gender-one way ANOVA. The different letters in the same line represent significant seasonal difference.
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x4 ERNEHSHLERSERKERENENNETER
Table 4 Sexual and seasonal differences in length indices of total digestive tract and different portions of

digestive tract in Pelophylax nigromaculata

e e e s FAERP 8
Gender Summer Autumn Spring F and P values
A KL & 8 10 9 A 51 A x PG
Sample size Q 8 9 8 Season Gender Season x Gender
HMINLERKRE(%) 3 145.5 +10.8" 175.8 £5.3* 182.0 +18.8* Frs=5313  Fiu=0416 F, ;=009
Total digestive tract
. Q 148.0 £11.5 188.8 +14.3 186.6 +11.0 P <0.05 P>0.05 P>0.05
length index
BHEKAB(%) 3 7.0 +1.4° 12.3 +1.3° 14.1+1.9° Frp=149%  F =028 F,, =515
Oesophagus
. Q 7.7+1.3 17.2 £0.8 10.3 £1.2 P <0.05 P>0.05 P <0.05
length index
HRAEH(%) é 26.6 1.4 40.4 1.1 37.6 £3.3° Fyu=14.852 F =158 F,, =895
Stomach
. ? 33.2£2.1 32.7+1.5 45.2 +2.4 P <0.05 P>0.05 P <0.05
length index
N ZB(% ) 3 95.9 9.7 104.5 4.8 114.4 £16.4 Fru= 1619 F =000 F,,=0.430
Small intestine
. Q 90.2 +9.0 117.3 £13.9 109.4 +11.7 P >0.05 P >0.05 P >0.05
length index
KK ZE (%) é 16.0 1.2 18.6+1.8 15.8 0.9 Fyue=2.492 F =554 F,,=1040
Large intestine
Q 16.9 £1.7 21.6 £1.1 21.6 £2.8 P >0.05 P <0.05 P>0.05

length index

XUR 28 75 22 53 B OB 2% RS R O PR 0 A 25 22 525 BRI R 7 2200 LU ORI K R B0 Ve = 22 5% 0 [l — A7 R AR TR - B

REFWRMZESRRE

Sexual and seasonal differences-two way ANOVA. Seasonal differences of large intestine index for any gender-one way ANOVA. The

different letters in the same line represent significant seasonal difference.
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LA 58 ek 9 3 A% B T R K
JE R HOA VR 22 S i d8 br , SR IR Mk = T
e s B N AR i I R R K
MERABKESFERM S TEE, RIAM—
JE SRR, 3K 5 & e B RY D RE S OH A 1 R
I35 4 22 R R S AR I VL Y
3.1 EMMEEEHLESEENENMETE
S R DU R e BR L E W R HOe M 25
Ab, BIHAIE K& B it I B AR HOME ek 2 v T
ks BT N R K 0 R RO A R TR L
R, B R, YA R
i, A HE S 0T AL R SR O B RS ) &R
4t 2 — ( Starck 1999, 2005, McWilliams et al.
2001, Naya et al. 2004, 2007, Karasov et al.
2011) . H B T AR & 5% AR & 2 B M
HZE IR eSS, TR A B S

o, FTRES VR 2 PRV R T (Secor 2001 ) .
ZRUGHIR R, WA S i A T ) R R A
W) 2% S f0 2= 4 31 & (Naya et al. 2004 ),
Juszezyk %5 (1966) Wl & T 5 A A [l 4F 0% B e
R P R e 3 0 T ok K T I 3 2 2 A R Y
WA, RIEIE R & T BA U WA ZET
P, JFSAERCE WA, HAT e sl
S0 e O e Y T T 0 R R TR 2 SR SO
B ANz R E 2 Y R ECR, TR
W) e, AR EIIHOR, AR Ak T SR AR K K-
(Naya et al. 2009b) . X Z Filt B IR 06k 28 1) A 5
WY, AL 1 E R IR R Y T R
(Cramp et al. 2005a,b, Secor 2005a, Secor et
al. 2010) , flan, S5EE WAL, 1 F A &
et & Kk - ik ( Cyclorana alboguttata) H) B
PN 7N ORTAC S Wi A A1 0 IR (VAN 77 1 O RL A R A
g, HBEE IR A (3 A RO A
VEIDIN = ANV 77 | I N 77 R T B T = 9



2 3 B S SR A B AT U o T R R M T A Y 0% *213-

(Cramp et al. 2005b) . #A 7, AYAF 4 dd: (R.
catesbeiana ) ) i 18 1% T I AN Fl & 290 B0 19 AR
AT ek 28 (Toloza et al. 1990) . [RE W, B
58 Uk 2 B e G IS 9 A 1% 5 4 R T e
521 CIEWHBEHMIL, 21°C F28E 2 FxX 5
Bk (R. pipens) K A 2540 V2 5 04) 40 A7 5 50 S
MR T B, B 4CTRIET
1 JE B A IRAR S 3 S, 40 R S H b
2t 0 2 T P (Goslling et al. 1982) , F /T4
2 B 000 e 178 by Sy 0 R K 2 A B )
Y, A W A AR d, A AT R B
Rk R B R . B EEHATILRIE AL )
AE, /N AL I B R EEARE . T
A 10 SRIFBAER S A da), 2 & R B
)R8 e 178 7 1 | 4 BRI 1) 9 A 3 AN AC IR S 1Y
T E e AT, PR B0 R ek B A TE TR E T
o R BS0HE  OT fE  , TT R e e AR S AR AR
ZHEHNS, HENEAHEAEEZNEEES
Ko HEEERYE T E AL HAL T R B FY
YA B AL, HERFER S, B EER
s MESERE TR R BN FERM, HFR
w, BN T ERE KRR S, EFEME
AR AR, X T AR5 A P R Y R 40 G
FVE A O o A IR T P S 000 38 e 119 3 s W I g
JIHEER, KON RN G R 2 B IR T R T A%
8, RIH 2 RS E T R B Al . S
FRATIEAT D 7 A IR 9 P B 000 68 ok 7 b a1 o
i, HAT AT, B ) IR Y B = RN B
T B2 1 2 R R, T A ) o R 2 BRI

3.2 EMEREULERENMENMETE
2 — PP BEYE ( Leptodactylus ocellatus) W i 18
KERAURMFETHEEA, HS4ERE Y
A EFERS DI Hov, HREME 7 08 K Y
BT R R B 5 AR A OG s HEWE RS
SR AT O, HZE T e AR AL e MEE SO B
(Naya et al. 2003 ) . %5 i 41 o & A/ i 1 1<
EEAmBREHRK, S25aH K, LIRHK
45 (Naya et al. 2009b) , H /N7 B B 4 M
A, (B KK B JC 4 B 25 5 (Naya et al.
2009a) . 1 Hi B 4 B 1 4R B HIR ZH AH L,

Z R 28/ 1 RE 2 B T e, 3 R NR A
F K {4 ( Cramp et al. 2005a, b, Secor 2005a,
Secor et al. 2010) . 7 I O %8 def 9 £k 18 S 4 0
T P T8 2% B 1 B 2 B8 R W 1 22 B0 ek v T
HERESN, BTorE ) 25 5 BHALIE K CEE K
MB KA K EME TR K, HFR/D;
MH KKK R BRI T AR 22 1
P, BIREWEZES AT, X P pE A
5 R S0 e 1 5 B 1 R T Al A B OG .
B EFEYERMEEME, AT HA5 MW
FCAF BRI W), W K i /N i WA B T
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