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Abstract: [Objectives] The present study aims to investigate the effects of water level changes on
morphological phenotypes, immune function and stress responsiveness ability in tadpoles of the Dark-spotted
Frogs (Pelophylax nigromaculatus). [Methods] The variations in metamorphosis duration, body size and

percentage of different subtypes of leukocyte in the circulation blood, as well as the ratio of neutrophils to
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lymphocytes were measured in the laboratory in the constant water level group and in the rapid, moderate and
slow reduction groups at metamorphosis completion. All statistical analyses were performed using SPSS

software packages (SPSS 19.0 for windows). One-way ANOVA or one-way ANCOVA and multiple

comparisons were used to compare the differences of the parameters mentioned above among different groups.

Results were presented as means + standard error, and P < 0.05 was considered to be statistically significant.
[Results] The results showed that the rapid reduction group significantly reduced the metamorphosis duration
of tadpoles (Fig. 1a, P < 0.05); the snout to vent length (SVL) of froglets was significantly declined in the
rapid reduction group compared with that of any other group (Fig. 1d, P < 0.05), both the body mass (Fig. 1b,
P > 0.05) and body width (Fig. 1c, P > 0.05) displayed lower values in the rapid desiccation group, but no
significant differences were found among different groups. The percentage of neutrophils was significantly
higher in the rapid reduction group than that of any other group (Fig. 3c, P < 0.05), the percentage of
monocytes was significantly higher in the constant water level group than that of the moderate reduction
group (Fig. 3e, P < 0.05), and no significant group differences were observed for the percentage of eosinophils
(Fig. 3f, P> 0.05), basophils (Fig. 3b, P> 0.05) or lymphocytes (Fig. 3a, P> 0.05). The ratio of neutrophils to
lymphocytes was significantly higher in the rapid reduction group than that of any other group (Fig. 3d, P <
0.05). [Conclusion] The accelerated water level reduction can lead to smaller froglet individuals, natural

immunity represented by both neutrophils and monocytes displayed different patterns, and accompanying with

increased stress response ability, which may be detrimental to the survival of froglets.

Key words: Pelophylax nigromaculatus tadpoles; Water level; Body size; Number of leukocytes; Stress

5 B B 21 P b 3R YR A AN g FH 45 3
ST BN AR AT S M, A7 S A K R R
FIYE (water availability) 2 &5 H 5347 Ju 1)
FAERE 2 — (Melo etal. 2018). 5 TAkALH]
[ 1850 % 1900 4EAHLL, 2011 £ 2020 4Bk
HFRIBEFE T 1.09 C (IPCC 2021); FHE N
T AR SN S R TR BT, 20 B AR
BHAE AR (Denver 1997, XIFiZE 2006,
Marquez-Garcia et al. 2009, T P55 2018),
5 i F A BRVE B A0 S % T e (Weerathunga
etal. 20200, FRTM, [N HRIE T BRI K AL
FE, R Eh TSR B JENFSE 2015)
FAE PR E R I MR S M (Székely et al.
2020, Petrovié¢ et al. 2021, Proki¢ et al. 2021).
B, AT TN K AR b kR (Bufo
gargarizans ) A1 2 HE ¥ k& ( Duttaphrynus
melanosticus) L, FiEAEE TS T RKAET
B, AR TBIERL, MEES
FAEM K AT R EE, BRI T8

P E (R/NGFSE 2015). POl R R /K A7 AT
S HMiE (Rana sylvatica) BRHEHERTAE RS, [H
I FRBCRAE 21 d FEhEE S A2 5 R R,
XY I #EE R (phytohaemagglutinin-P, PHA-P)
H M55 (Gervasi et al. 2008), {E%F 1L
HHMM T SRE . B shZs S g Tk
M k4R B ) LU (ratio of neutrophils to
lymphocytes) WF7iii/b, HZ 4 T4 2ok
A X5t B4R P Bh P R IR 2 1 52 e 7 T

(Rodrigues et al. 2017, Neto et al. 2020,
Franco-Belussi et al. 2022) .

EREM#E R (Pelophylax nigromaculatus)
AT K K I8 4 A HE AN I S5 K Ak (P
R 20100, HAT, KT MNESIRIRE Y
HYI R EES AR, 2 W TS E GE
ANHESE 2018) Bl X A2 A 5 gh ik sz (5K
LIRAF 2022), KT RS R0
AR, MBS A REDRE, IATERE. K
TR, SROIRES (7K AL AR Y, DA B RE ek



1 A KA SR PR FR R AR T L 3 A0 R A RSN ) 5 <119+

37 SR AW TR B, W T E R KALALEL K
PR, A KA T RRAL,  EERL T ARSI
KRS TE IR ISR b2 A
B0 2 BT R 4 1 vk B A R Y L
ERAHEZER, BENRANEBERRLL
TR RS 4 PR BT SR ) A B AL
HEILR DR .

1 MRETE%

11 sEREHPFIKALAL 3
2RO K Z LI YRR B R 2
HeuE (HEHES: AHAU2021039), S5 B2 5T
DFE I 28 HAWBHISLF R T B T 9T [X 3 7 A
—JIE (31°45'N, 117°23'E), W7: T 28Uk
W RF NP EFRAE SR 3 M x 5 x
N 70 cm x 50 cm x 38 ecm FIEERIFEN, 54
KA (24 + 1) °C, JKIRZ) 15 cm, HIRHH.
Z: 8 Gosner 73813 (Gosner 1960), i%H 480
HOR/INFEABA) 37 SR}, & 20 Hbptieb i %1
EH 8.0L K. AEBN 102 L I—ANIEFSHL (K
X BE x EN30emx 17ecmx20em) W, fEN
—ANKALARERH, FLE 4 DROEIA, B
ANIKALAEFRA A 6 IRPAT SR, e 24 A3
HAHT, SGLAN 37 BRI YILE IR E (F; 5=
1.440, P > 0.05). ¥IHFIIEEK (F5 0 =
1.042, P> 0.05) FIRI 463544 55 (F3 50 = 0.814,
P>0.05) ¥WEREMZES. 4 /KA AL 5>
AR AKAAEE L, BEESEL K AR
RN 8 L PUE R4, BRI 1L K,
HUORNFRA, 1T 7 d BRI 0.5 LK, ZJERR
WD 1L K 8RR, MR 0.5 L K.
PRI L I RIS N PR KBRS 1 L
AT TR, iRl & E 2 42 JARE, BEEsE—
DifgiRt, & 12 BIREHbIRSE; KA i 4L
BT R RIRIR, sk o 8
Rt Ot 21t . SEBRHAIE], R 8 R 2 B
AR CHEA = 42.0%, MBI =
3.0%, HEE = 1.8%, &I MEMmEEA R A
F]D, R 3E hnKA E E H Esk Pd, rhd An

B N A KERESR, [ 3 d B
524 h LLEMIESRIK 1R, et fed, 54
sl R AMETS, AARALOR /N B BT B AMA BAR,
B 5 R R T ORFrIR e 25 BEAAE, AH
TG B R RN E o EEUMIN, ZKAE E 4.
P R AL, Pl R RRALAI ISR T BRI Y R
AMABAR I E oy 10 KL 25 HL 17 R
Ao1s R, PERBEIEERS NN 91.7%-
79.2%+85.8%F1 87.5%.— E.K B £ 46 {4,
EF—BESE BT 8 W 46 HAZNE (R —&T
WET 8 RAMAIGIE 46 HALHEE I 2458 i
1d), BIEE— /KA AFRH A K N 48 W,
FACFAE— KA AL B IL 48 4k (1 AR A )
], GEih HARASET K . T R uphit 4k 820 77 22 46
W%, T HARSLIS A FRARIIE . AR
KRB E 46 LR H HHS SEIS I 4R 37 H1
Rtk o 2H H A2 R R 25 A
12 AR E

M 7R ZFIITREAA A R A A,
+£0.000 1 g) WMELMEARE, FHitr” Tesa 2
+ R (Hii+ Shopeal, 150 mm, +0.01 mm)
BT, 25, WikERim, #I/E
JIIRZIS
1.3 46 A% & R QMR E 5 e g i
20 5 bk EEL 4 P P B AL R s

5 46 HAGEERIVE 1 5K, FI7E AT
7155 B i (Pseudepidalea raddei)
WIS T R E VAT GERT#ESE 2018).
FH R FC AR A % ety (Crg il B AR AE ) TR
HIRAF], DO 474, hrEmIRE
42 CHFJE, 1E 400 fif )R (2250 B sk
WERH IR /AT, Pantherai) NHZMULIHPYE
ARE PRI . PR PRI B R
M. HAZ4EM R AL, %R LT IR
B A A ScE, BRI A
41 A B 100 AN A IR . AN BT
LT 8 H 46 ML R MR Fr, BL 8 RT3
ERFIZEFEN, LL 6 RELHFHEARRI
IKALAL IR o 18 FF P 200 A5 A L 4 P g



+ 120 ¢ =24 Chinese Journal of Zoology

58 %

ERIRE PRI B 20 B (%) Stk i
FIE 7 (%) MHE.
14 Gt

Gt 7 B SPSS #fh L (SPSS
19.0 for windows) BATHARALHE . HBFZETT
Z M1 (one-way ANOVA) FUEAN[E] /KA Ab #E
H 46 FHLNIEAR A AR NS B B4 B
GrEG,  DAACRE R 4 A vk 4 B A B A 1Y
HImZzER . MK N EE, HBREDIT %
T (one-way ANCOVA) LA [E KL AL FE
4H 46 AL R HR AR B8 ) 20 1) 22 57 o SO Ve
YJLLFPIME £ Fr#EiR (Mean £ SE) RIR, P<
0.05 NZEF R

2 #3

21 JKALX 46 SRR A KA SR N
=20
POE T REAL 46 W4l i3 A5 K 2 0

FARAMEEA (Fs 5= 3965, P<0.05) , {H
S FRERAANR R N A TR EEE R
( 1a) o Pt [ 46 ISR ER (Fs 0=
0.306, P>0.05) (& 1b) FI{A%E (F3, 1= 0.980,
P> 0.05) (K& lc) #RTIHARKALAH, (HA
25 ARE, POl TR KRR, BEC
TKALAE E H MG IH T R (F3 50=9.511, P<
0.05) , (HEFH FEHZERAEE (B 1D .
2.2 KALxT BBEUREE: 46 HAShiE Q4IRS
FHERIF

IKALAEAL XS 46 HAKI M L o &5 1 4
AT A RAES O] R R o g v PRI i 1Y 2
B, Mt, MR, 2EE6 (K
2a ~ d); FEIR LRI A 1) B3R 35 Ak 4L (o Rk,
Nz SRR TE B S EIR, R (8] 2e ~ s
A 2 Y JH 5 P9 38 5 RN e A AN
K Yoty 205 L I mET M JURL, B0k 75 7E
R L (B 2d, i~ k) FAAZAHRR I A% )

@ 32ra 08rb a
g a —_ — T a
=] b ) a
524 b 2 2 206F a
a
52 16 204
42 5
e A
E 8+ @ 0.2
Q
E 0 1 1 L ) = 1 1 1 J
fHEH Pl b4l B4 fHEd  REA hE4 1B
Constant Rapid Moderate Slow Constant  Rapid  Moderate Slow
A0.8 c ., . . a §, 24rd .
g = ab
061 %h 18l c be
E .
041 212}
g g
m =]
o 02} (% 0.6 |
% . . . BRI . . . .
Wl ksl s teagl S R4 tuEgl gl gl
Constant Rapid Moderate Slow Constant Rapid  Moderate Slow
2051 Groups 25| Groups

B 1 KALx R DRI AR 46 HIZERR AR - KA SR B K
Fig. 1 Effectsof water level on the metamorphosis duration and morphological phenotypes
in the Gosner stage 46 froglets of Pelophylax nigromaculatus

a. BB b /KE; o

d. A%, a. Metamorphosis duration; b. Body mass; c. Body width; d. Snout to vent length.

HEARTRRREREE (P<0.05, a>b>c). Different letters above the columns meant significant differences (P < 0.05,a>b > c).



1 A KA SR PR FR R AR T L 3 A0 R A RSN ) 5 <121

r e A “NEU ¢ }
©s “QQ W e § @vb f%o\
) s S@ . | ;
helel® v . e OQ /
b o0 ee® @) y @ O%’
T @V Ol @ @ b L .QQ__‘@,R

MQA

b o ©
@ e

%f& < f.’_ﬁ} .dgﬂ , v@i‘g g,q" “:1%)“ .,."ﬁ
Eiﬁg '. Efi bgb'. QBQSQQD ?’ !! ’155
| ‘ - Q/I ) ® » @, 451 'Fi

Jﬁ” @9 Q] Y
ﬁg’o ) o B "m M é‘)
s & ©, Y Owo‘bﬂ % ‘:.‘W'

.

; L Z
i- .4?§E£’ a ./ngldp !&ﬂr‘§!D‘§ Q’

& ‘6 %a. *
‘ef % 6%{ e \9_35,,

B2 KArxt RPEMIAEEE 46 M4k % 2 B 40 ML T S RHE R
Fig. 2 Effectsof water level on the morphological characteristics of various subtypes
of leukocytein the Gosner stage 46 froglets of Pelophylax nigromaculatus
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a. Neutrophils and lymphocytes in constant water level group; b. Neutrophils in rapid reduction group; c. Neutrophils in moderate reduction group;
d. Neutrophils, lymphocytes and basophils in slow reduction group; e. Eosinophils in constant water level group; f. Eosinophils in rapid reduction
group; g. Eosinophils and monocytes in moderate reduction group; h. Eosinophils in slow reduction group; i. Basophils and monocytes in constant
water level group; j. Basophils and monocytes in rapid reduction group; k. Basophils in moderate reduction group; 1. Monocytes and lymphocytes
in slow reduction group.
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BAS. Basophils; EOS. Eosinophils; LYM. Lymphocytes; MON. Monocytes; NEU. Neutrophils
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Fig. 3 Effectsof water level on the percentage of different subtypes of leukocyte and ratio of neutrophilsto
lymphocytes (ratio of N/L) in the Gosner stage 46 froglets of Pelophylax nigromaculatus
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a. Percentage of lymphocytes; b. Percentage of bsaophils; c. Percentage of neutrophils; d. Ratio of neutrophils to lymphocytes; e. Percentage of

monocytes; f. Percentage of eosinophils.

HEAFATRERZEREF (P<0.05, a>b). Different letters above the columns meant significant differences (P < 0.05, a > b).
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