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Effects of temperature and photoperiod on body mass, energy budget and digestive tract
morphology in Pycnonotus sinensis. WANG Run-mei', WU Yu-nan', LIANG Hong-ji', LIN
Lin', ZHENG Wei-hong"?, LIU Jin-song'** (' School of Life and Environmental Sciences,
Wenzhou University, Wenzhou 325035, Zhejiang, China; *Institute of Applied Ecology, Wenzhou
University , Wenzhou 325035, Zhejiang, China).

Abstract; Temperature and photoperiod are proximate environmental factors that have an important
influence on the morphological, physiological and behavioral adjustments animals performance du-
ring seasonal acclimatization. In this study, the effects of temperature and photoperiod on phenotypic
flexibility in body mass, energy budget and digestive tract morphology in the Chinese bulbul ( Pyc-
nonotus sinensis) were examined, and the relationship between energy budget and digestive tract
morphology was analyzed. Twelve male and sixteen female Chinese bulbuls were randomly assigned
into 4 experimental groups so that each group was comprised of three males and four females. The
eroups were: 1) a warm and long photoperiod (30 °C, 16 light: 8 dark) group, 2) a warm and
short photoperiod (30 °C, 8 light: 16 dark) group, 3) a cold and long photoperiod (10 °C, 16
light :8 dark) group, and 4) a cold and short photoperiod (10 °C, 8 light: 16 dark) group. Each
group was acclimated to its respective temperature and photoperiod for 4 weeks. Birds in the cold
temperature and short photoperiod group underwent a significant increase in body mass, gross ener-
gy intake ( GEI) and digestible energy intake ( DEI) compared to the other three groups, and there
was a significant interaction between temperature and photoperiod on gross energy intake and diges-
tible energy intake. The mass of the stomach, small intestine, rectum, and total digestive tract, all
increased significantly in cold temperature treatment groups compared to those acclimated to a rela-
tively warm temperature. There was a significant, positive correlation between GEI and DEI resi-
duals and those of the length and dry mass of the small intestine and total digestive tract. These re-
sults suggested that the Chinese bulbul met the increased energy demands of winter ( colder tempe-
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ratures and reduced foraging time due to shorter day-length) by increasing its body mass, digestible

energy intake and digestive tract size.

Key words: Chinese bulbul ( Pycnonotus sinensis) ; temperature ; photoperiod; body mass; energy

budget; digestive tract morphology.
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Table 1 Effects of temperature and photoperiod acclimation on body mass and energy budget in Pycnonotus sinensis ( mean
+SE, n=7)
bl SET [ 35ie 3 BARE Hete IF k. b
Temperature Photoperiod Body mass (g) Body temperature (C) GEI (kJ - d™") FE (k] - d71) DEI (kJ - d™") Digestibility (%)
WA Initial $52 Final — HU0A Initial $52¢ Final — #00 Initial %% Final — B08A Initial 52K Final 3 Initial %2 Final  HJ3 Initial $%2 Final
3 L 26.5+ 24.6+ 42.6+ 2.1+ 158.86+ 133.49+ 82.65+ 39.47+ 76.21+ 74.02+ 48.44+ 65.17+
Warm 1.6 1.6b 0.5 0.5 26.30 15.67¢ 19.55 8.17h 9.7 13.15¢ 4.87 5.71a
temperature S 26.8+ 26.3+ 42.8+ 4.3+ 157.42+ 11214+ 79.65+ 33.25+ 7177+ 78.89+ 49.61+ 70.61+
2.5 2.3h 0.2 0.9 23.89 11.44¢ 15.48 6.74h 9.68 5.18¢ 3.01 3.34a
KR L 26.7+ 26.1+ 42.5+ 4.4+ 167.10+ 164.95+ 88.39+ 68.88+ 7871+ 96.06+ 47.42+ 58.41+
Cold 1.5 1.4h 0.5 0.5 24.08 14.95h 17.66 11.93a 8.62 7.45h 3.95 3.97h
temperature S 217+ 29.6+ 42.9+ 429+ 149.74+ 205.71% 73.54+ 82.14+ 76.21+ 123.57+ 51.30+ 60.25+
2.6 3.3a 0.3 0.4 27.94 16.16a 18.29 11.85a 11.00 5.05a 343 2.83b
GEH ns T, ns ns ns T*,P*, ns T, ns T P*, ns T,
Significance p* Txp * TxP * TxP * p*

T Y& Temperature; P JG/E ] Photoperiod. L: 1% Long day; S: 8 Short day. [RIZA ] 7-5E 7R Ab P A] 22 53 1 3 ( P<0.05) Different letters

in the same column meant significant difference among treatments at 0.05 level. * P<0.05; ns; P>0.05. T [f] The same below.
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2 K A RE 23 ) He B TR KOG A | IR DG
AR IR KGN 54% 83% 1 25% (K 1).

2.861,P>0.05;3 HAEH]: F, 5, =0.840,P>0.05) .1
Y 485 o 1 Sk 5 1% ) A 238 2 A2 LR RO S I A 5
M (¥R F, o, =17.330, P<0.05; Y6 M. F, ,, =

2.2.2 HEAE IO R A ZHE) (TS B9 HEMERE A 7. 688, P<0.05) |, T RG] 5952 HAE R AT Sk 0
WAL (IR . F, ,, =0.013,P>0.05; 6 &M F, ,, = MR AN 3 (F, ,,=0.741,P>0.05) (£ 1).

1.926,P>0.05; 3¢ HAEH . F, ,,=0.849,P>0.05) .56 2.3 REEFDGEIN L S E T SRR
NP 28 K FISk IS HE B A2 FEE R RE S 2.3.1 " ME2WREH, AkME MK ER R
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Table 2 Effects of temperature and photoperiod acclimation on digestive tract morphology in Chinese bulbuls ( mean+SE,
n=17)

N=85°3 I JE 3 H Stomach /I 1 Small intestine
Temperature  Photoperiod 1 1 m \% 1 1 m \%
Rz it L 1.83+ 418.97+ 370.87+ 108.49+ 11.24+ 1177.50+ 834.44+ 191.21+
Warm 0.06b 82.57b 39.48b 9.23b 0.53 150.56b 126.23¢ 28.98¢
temperature S 1.81+ 487.46+ 411.90+ 126.20+ 12.07+ 1480.41+ 1066.10+ 242.96+
0.05b 90.42b 78.26b 24.03b 0.48 499.55ab 378.22bc 77.55bc
iR L 2.16+ 651.18+ 517.33+ 148.04+ 11.90+ 1789.49+ 1200.10+ 269.80+
Cold 0.05a 144.07a 61.74a 22.63a 0.48 596.41a 281.17ab 66.53ab
temperature S 2.06+ 589.44+ 466.23+ 137.90+ 13.28+ 2035.03+ 1504.37+ 358.80+
0.07a 186.01ab 40.96ab 13.64ab 0.59 325.93a 212.47a 58.32a
e T* T* T*, T*, ns T" T" T
Significance TP * TP *
N=85°3 I JE 3 H % Rectum SHALIE Total digestive tract
Temperature  Photoperiod 1 1 m \% 1 1 m \%
W Tk L 1.53+ 14231+ 114.60+ 34.02+ 14.60+ 1738.79+ 1329.91+ 333.74+
Warm 0.12 43.29b 23.84b 9.35 0.58b 234.37b 166.35¢ 38.75¢
temperature S 1.57+ 164.54+ 122.90+ 37.86+ 15.45+ 2132.41+ 1600.90+ 407.01+
0.11 50.45b 26.32b 12.43 0.52ab 612.88ab 428.20bc 95.21be
iR L 1.60+ 209.34+ 143.80+ 35.36+ 15.67+ 2650.01+ 1861.23+ 453.20+
Cold 0.11 55.63ab 32.88ab 9.97 0.52ab 723.43a 322.98ab 85.55ab
temperature S 1.73+ 211.73+ 156.64+ 46.51+ 17.07+ 2743.11+ 2127.24+ 54321+
0.13 41.37a 26.61a 9.90 0.63a 603.98a 201.30a 52.38a
B ns T T ns T* T T T

glénlh( ance

KB Length (cm) . N Y) T Wet mass with content (m M. 5t Wet mass (mg); IV: T Bt Dry mass (mg) . AHE /N,
Hﬂﬁ& BIHLIE AR *HJXX [—l FE W7 250 M1 (two-way ANCOVA) (%ZISF‘E MR Stomach, small intestine, rectum and total dlgcbtl\e tract
dmon different groups were used two- “way ANCOVA with body mass as a covariate. Total digestive tract length wet mass with content. BEfE K &

J5inaN YIVﬁi*ﬂq:ﬁ%EﬁﬂUj‘j B NG E G B A A R BT R TR R A9 AL The wet mass and dry mass are the sum of

slomach small intestine and rectum length, wet mass with content, wet mass and dry mass, respectively. | [] The same below.
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Tk BE DGR ) 22 AR FIXT 3k 5 1 B R S i AN
BEOEEWILF, ,=0.927,P>0.05; L HAEH . F, ,, =
0.474,P>0.05) . B (& N2 oo & | 57 i ) 1 o
SRR R (N TR F ,,=6.518,
P<0.05; fif i it F, ,, = 12.604, P<0.05; T Jii & .
F\ ,=7.731,P<0.05) ; B M8 7 i K T T 32 i
FOG T I 0 52 BAE 5% ) G 2 (EE . R, =
5.507,P<0.05; T iitek: F, ,, =4.326,P<0.05) ; Mt
JEXS B B A i | e T B RS A
BEENEY R F, ,,=0.063,P>0.05; ff i &
F, ,,=0.430,P>0.05; T Fife: F, ,;=0.006,P>0.05).
WHH TR BT, k0 B R S A ot | e
Jri ST SR B AR OGN B (R 3) R E S
PrafW], ks K SN A B |
T hri HEAREAELREAAHIC (R 4).

2.3.2/Np RBE OGN K CH A BAE R Sk
NG EA B & (R F, ,, =2.894, P
>0.05; 6 A 1. F, ,, = 3.838, P>0.05; 3¢ T fE .
F, ,;=0.320,P>0.05) . itk B % /N 04 5 9 24500 o o
i T R (SN AR F, , =
7.470,P<0.05; & [Fi i . F, ,, =8.801, P<0.05; T Ji i .
F,,,=11.002,P<0.05) , T i 1] B it JB 6 Ja A 1)
ZHAEHX N &N EY B s ORI F, o, =
1.236,P>0.05; &8 HAEH]: F, ,,=0.086,P>0.05) | fif
JFift (J6JEH W F, o, =3.068, P>0.05; 58 H AR .
F,,,=0.031,P>0.05) Xt Fiwm OLHEAW . F, ,, =

*3 BLBHUERENFRENREEKARE
Table 3 Allometric regressions of log digestive tract on log
body mass for Chinese bulbuls (lg Y =lga+blgX)

4.072,P >0.05; 5 HAE . F, ;= 0.430,P>0.05)
Mal AN @2 (36 2) . [nlA 73 B 2R B, 1Sk 5 10 /8 i i
KEEAN, BN B 6 o 6 e T o 5 R o s A
KE (K 3) FRET R, B8Nz I BE
fief Jo £ B T i S A RE AR OG5 /N 1A BE ST T
i 5 [ A REAROC , 2 BT P13k 98 /N < 8 A 5 2 1Y) 3
PRI LAS & K S i ER R AL RE T (K 4).

2.3.3 1 IR ORI K&CH A BAE R Sk
B A B 250 (R EE . F, ,,=0.901,P
>0.05; 06 ] F, ,; = 0.474, P>0.05; 3¢ H.1E 1.
F, ,=0.123,P>0.05) . I B2 XF B 0 7 459 o i
FNEE A P (SN EY B F, ,, =5.766,
P <0.05; 6 fite . F, ,, =5.225,P<0.05) , XF E 7 1)
TR AR E (F, ,,=0.444,P>0.05) SR &
TR EE RO FE 3 0% 22 BAE 0 0 1 B NS ) I
(AW F,,,=0.073,P>0.05; L HAEH F, ,, =
0.416,P >0.05) | fif i it (G A . F, ,, = 0.307, P
>0.05; 3¢ HAEH F, 5, =0.009,P>0.05) J T it Ok
JAWI.F, ,,=1.342,P>0.05; X HAE M . F, ,,=0.529,P
>0.05) MBI B3 (R 2)  mIA TR, k1
W E R BESN, SN A Y B BT ST R S
PR ARG (3R 3) SR 24T R WY, L H
MR &N B o N T B SR ARE A
[FALRETC B MGG R (K 4).

®4 BIBHLEREINBANEMEUENS /N ZFL
xR ES

Table 4 Log digestive tract residuals versus log gross ener-
gy intake residuals, or log digestive tract residuals versus log
digestible energy intake residuals for Chinese bulbuls

wE S8 a b 2 P B SH H#ARE GEI [ilfL.fE DEI
Regression Parameter Regression Parameter b 2 P b 2 P
H I 0.05 0.17 0.034 >0.05 H I -0.12 0.006 >0.05 0.10  0.003 >0.05
Stomach II 143 090 0.120 >0.05 Stomach I -0.07 0.002 >0.05 -0.11 0.047 >0.05
i} 176 0.62 0.127  >0.05 I -0.14 0.032 >0.05 -0.12 0.023 >0.05
\% 1.25 061 0.127 >0.05 \Y -0.17 0.063 >0.05 -0.17 0.046 >0.05
/N I 0.79 021  0.037 >0.05 /N | 0.37 0.158 <0.05 0.54 0301 <0.05
Small intestine I 1.13 145 0224 <0.05 Small I 0.11 0.063 >0.05 003 0.004 >0.05
I} 0.63 169 0326 <0.05 intestine i 0.21 0221 <0.05 0.16 0.101 >0.05
\% 0.05 1.66 0296 <0.05 \Y 0.20 0.236 <0.05 0.17 0.166 <0.05
EHW I 0.06 1.10 0.004 >0.05 Hh I 0.05 0.005 >0.05  0.09 0.022 >0.05
Rectum I 0.64 1.13  0.149 <0.05 Rectum I 0.06 0.021 >0.05 -0.03 0.005 >0.05
i} 0.83 091 0162 <0.05 0.09 0.032 >0.05 0.07 0.014 >0.05
\% 0.02 1.19 0.153  <0.05 \Y 0.10 0.068 >0.05 0.06 0.018 >0.05
AL IE I 0.93 0.19 0.043  >0.05 S E I 0.62 0309 <0.05 0.61 0.267 <0.05
Total I 150 131 0226  <0.05 Total I 0.09 0.038 >0.05 0.01  0.001 >0.05
digestive i} 131 134 0329 <0.05 digestive i 0.24 0.157 <0.05 0.18 0.073 >0.05
tract \% 0.80 128 0311 <0.05 tract \Y 0.22 0.138 <0.05  0.19 0.196 <0.05
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