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The energy budget and water metabolism heat regulation of tree sparrows Passer

montanus of toba compensatory regeneration
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1 College of Wildlife Resources, Northeast Forestry University, Harbin 150040, China
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Abstract: We compared differences in feather regeneration ability, energy budgets, organs levels, and heat regulation in
molting Tree sparrows ( Passer montanus). After one week of adaptation to laboratory conditions, thirty adult birds were
assigned to three groups including control ( CF, n=10) , remove flight feathers (FF, n=10) and remove tail feathers ( TF,
n=10) by body mass and SPSS Tools. All three groups were monitored over a four-week period while exposed to similar
environmental conditions. On a daily basis we measured food and water intake, the numbers of defecations, fecal mass, and
so on. Feathers had strong regenerative capacities, and flight feathers were also important in heat regulation. The level of
energy budget of birds declined (P < 0.001). FF and TF groups declined 19.77% and 7.17% in energy intake, 18.79%
and 6.47% in digestible energy, 18.73% and 6.46% in assimilation energy, 28.66% and 13.35% in fecal energy, 26.95%
and 7.43% in cooling heat energy of water metabolism, 33.71% and 14.40% in discharge frequency. FF and TF groups
showed increases of 1.23% and 0.78% in digestion rate, and 1.35% and 0.84% in assimilation rate, respectively,
compared with the CF group. Body weight in CF, TF and FF (P<0.05) declined but body temperature showed no obvious
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change (P>0.05). In terms of energy reserves, including blood sugar, muscle glycogen, body fat and water content, no
significant difference (P>0.05) was observed between the three groups, but liver glycogen content and body fat mass did
differ (P<0.05). Organ level, including heart, kidney, glandular stomach, small intestine, caecum and the length and
quality of the total gastrointestinal tract showed a response to feather loss. Groups differed significantly in average daily water
metabolism ( P<0.001). The minimum and maximum average number of defecations reached 56.11 times and 96.34 times,
respectivel.

Under low levels of environmental stress, P. montanus showed strong feather regeneration capacities. The differences
between regenerating flight feathers and tail feathers is due to distinct energy investment strategies and energy-saving
strategies, also including energy consumption in flight and energy saving strategy of water metabolism heat loss reduction.
There was an obvious decline in the level of energy budget and energy reserve of P. montanus. Discharge water from the
cloacae with feces and urine mixture is a peculiar, effective and rapid thermal loss regulation mode among birds. Different
feather parts have an influence on individual insulation capability and movement capacity, which proves to be a main reason
for differences in water metabolism heat dissipation. Birds regenerating feathers showed reduced organs mass, improved
organ efficiency, and reduced energy expenditure by organs. Energy consumption of organs is an integral part of individual
energy budgets. Organ functional capabilities are closely related to individual energy intake, transfer and storage. Changes in
organ quality, functional capabilities and energy consumption are the organ-level responses to body energy budget strategies.

Distinct energy budget strategies were adopted by P. montanus in the same living environment with three feather structures.

Key Words: Passer montanus ; feather regeneration; energy budget; water metabolism; heat loss regulation
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Fig.2 Comparison of energy budget in different period among three groups of Tree Sparrow
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0.029) , Mfk T EA 25 BE(F,, = 2.764,
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Fig.3 Comparison of body mass, water, energy storage and body fat among different groups of Tree Sparrow
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P=0.016;F, ,,= 5.718, P=0.022;F, ,, = 7.636,
P=0.010); R E K /NG K E LS &8 E AT 5, H
Jr ik o RN T R A A e 2 ) 2 AN
(Fip = 2.105, P=0.173; F,,, = 3.162, P=
0.086;F , ;= 1.153, P=0.354;F, ;= 2.178, P=
0.164;F , ,,,=2.372, P=0.143;F, ,, = 1.111, P=
0.367;F, ,,=0.231, P=0.798;F, ,;, = 2.569, P=
0.126) (% 1),

DS R T HAH M ZER B E (F,,, = 5.457,
P=0.025;F, ;= 8.455, P=0.007),CF 41 > TF 41
> FF 2, B THHAMZERDE (F,,,, = 7.434,
P=0.011),TF 40 > FF 40 > CF 41, Fi Jiwi fE | JHF ik
(e RN T 8 B RS A R 2 R R (F ., =
2.573, P=0.125;F, = 1.513, P=0.267;F , ,, =
0.170, P=0.846;F , ,;,=0.150, P=0.863;F , ;=

0.570, P=0.583;F, ,,=0.430, P=0.581;F, ;=

232 AR E KO REFESS B T4l R 2.203, P=0.161) (£ 1),
1 [H]REMEREKTAE L E (Mean+SE)
Table 1 Comparison of individual organ levels among different groups of Tree Sparrow
FEARL Sample size 10 10 10
LA St T Weight of brain/mg 731.75+28.58 659.80+24.26 667.75+17.99 ns
14T & Dry weight of brain/mg 176.25+8.98 158.20£6.20 162.75+7.98 ns
DMELHZUEETE Weight of heart/mg 299.25+11.08 b 242.40£14.82 a 279.75£9.50 b *
DEALITE Dry weight of heart/mg 82.75+2.75 b 61.80+3.89 a 73.25£3.99b
FFNELH 4 T Weight of liver/mg 598.75+30. 99 546.40+24.56 569.50+49.86 ns
FFIEZHZF T Dry weight of liver/mg 214.11£10. 01 195.39+5.57 200. 92+7.09 ns
i e 2 Weight of lung/mg 213.25+37.33 199.20+13.83 215.75+8.98 ns
Jili i 2041 F T Dry weight of lung/mg 52.00+9.23 47.60£3.50 49.00+4.06 ns
B JJE2H 4 T Weight of kidney/mg 57.75+10.78 58.80+4.18 75.00+0. 82 ns
B L1 ST B Dry weight of kidney/mg 14.25+1.38 a 16.00£1.22 a 21.00+1.08 b *
It H K Glandular stomach length/mm 7.72+0. 58 6.21+0. 19 6.25+0. 90 ns
i B A YU T Weight of glandular stomach/mg 42.00£2.61 b 28.00+1.38 a 25.00£2.55a  * *
I B 44 Dry weight of glandular stomach/mg 12.75+1.80 b 7.00£0.32 a 6.25+0.48a  * x
WL K B Muscular stomach length/mm 12.61+0.35b 11.2420.38 a 10. 64+0.51 a e
ALE HZUif F Weight of muscular stomach/mg 464.50+20. 59 440. 00+24.75 416.75+14.26 ns
WLE 41415 Dry weight of muscular stomach/mg 164.00+11.87 141.40+9.74 135.50+7.27 ns
/N Small intestine length/mm 137.63+2.11 b 133.62+5.08 ab 124.36+1.35 a ns
/NGB LEETE Weight of small intestine/mg 702.75£65.07 b 557.80£27.40 a 494.00+12.81a  =*
/NHHALITTE Dry weight of intestine/mg 228.25+27.16 b 164.40+7.52 a 152.00+6.75 a ¢
EB K Rectum length/mm 11.60£0. 75 9.04%1.39 12.34x1.01 ns
HIHALEETE Weight of rectum/mg 50. 00+3.63 52.00+4.25 44.00+3.54 ns
HIHH LT E Dry weight of rectum/mg 13.25+0.75 13.00+1.14 12.25+1.11 ns
JTHAEIE K Total digestive tract length/mm 169.42+2.28 b 160. 14£4.12 ab 153.58+1.87 a *
B ALE 4 ZUEE R Weight of total digestive tract/mg 1259.25+59.77 1077.80+54.56 1069.75+82.87 ns
JTHAETEH LT E Dry weight of total digestive tract/mg 418.25+30.32 b 325.80+17.86 a 306.00£12.06a  * *

a,b,c ARIFRACTA ] LB /NEN R 5 .5

2.4 4728 HEM 2P AR B A IS 4 R
fThZER REJE CF A ER CITBERTT N,

FF 211 TF 21 € AT Bk ERA T R e 2 58488 k-, B 22 T

FRURZH R E , T A0 I3 TF 2035 SRV 4 F FF 4,

H A5

# 5w SP R ARAL N 28 57 B BT B3 ns AR

A/ NP R TG PE2E B A

HEMAIAR A : DRI  @HETE s @R HUUTE
@E IR , 5 KB EKRIT 2R
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AR BRI ThRERE Gl E . TF 412
P2 MO EAR ST A (A 2 HAK 11 #) 8
SPIPIR A A A T FEF 2R AR TROR OO &5
AR A I AFE I R A MR 2E R

CF A HMZ AU/NaTE MFLA €, FF 4R
TF 21— B AR 0 H B SN e, #LE £,
K KT CF 4L ; 55 —&B53 R 5 5 R it AR 8 30
RS S 52 SR tR, 1 A3 5 /NS — | i KAk 22 58
i, B RS R G, TP B AL, 355 (/N
MEmWEZ) LA 6, Bhriie JESEmA
USEIE=3IE N,

3 Wit

[ JRREE Y BB i (47 ) 2000 A AT Y
174 ST A SRR 172, &g e
KRB AER R AR A OC B (1 1,181 3)
3.1 PIFAERE S RIS AR S N R

PARK T 7 d, FHAEBTP R 254 F1 2 AE
AR, AEAAT 23 [ RTE ) A 3RAT 1 32 21 BR ] A0 =
FAMEE AR PR 2 BT B T, 7 OP AR R
A7 23 [ O ) = R R A DA PP SR
I A MvE IR KR TR B A AR AR SR PR R 2
WARG . FAERPLT R, 2 P 2 e bl 2k 35
PEAN RS2 BR A A A7 25 [ E AT T4 1 AN TR (9 REH
PEHEOO R, kAL A5 98D TR AT REFE AR AL P e
RETTTRENS S, MIEAL R M B U, & RO g
I S HLAXHZ A B A B SRARE R T TS
il 294B 1 ( symmorphosis limitation hypothesis ) ™ TA 4
& EHARIRE I R R 2T ORI
2 PR R A7 25 18] vh T RE R, 1454 KPP BCE Y %

TR D RSPz B Y 52 I M R 1 %%
YIARDG , ) Be7E 32 BR % A6 A 25 ) v 38 g JE 22 AL
PERE R P PIMCE 2 AR i B U, BT LA, [ ]
JRAE RPTRERPI HA BRI A8 T, FRAE IR
BORP F i R B 32 SO O T A T o AR A7 P 85
Fr i BRI RE AT
3.2 REEWCKHUA AP RE Rk A A A RE

ARAY BRI R 3 B S A S AR (A Y e
IS R N BE TR A A RN AS B R R I 3 AU T
ARSI, P FAE [ B ] RRAE e 4R T BRI RE i SOk
- AR RE R ARCE B IR N A B A 25 R AR B
ARBIEAN 2 HB53 FIUKS 1] 7% B AE AR 1Y e 1 13 0 5K
X 5 3 S 24 P I e o AR SRR B 3 R R Y 45 e
FIZEL EATHE T B FERE L A RERY 8.27%—
10. 24% 45 HAZ A RE R Al ] . CF TF il
FF 20 7K A5 AR B8 BICZR AR W W F FE AR (P <
0.001) ,;XfR AT fES TF Al FF 410 /0 $ 0 Hk A9 5
REXTHR LA SRS 5AMR R A DG, Rl AN 7] 3P
TR TREBR 1 22 R 5 [ FF A TF 4 7ERE & IOK
AR 2R (K1) . PGB HLR R UL ( heat
dissipation limit hypothesis) " TA K i 2% 5% A & ol A8
SRR RE TR oK, R O T O L BT,
AT ZE RAR W] fE 8 R TR HICPR AR U Y 2L
e,
A N B RE A A 7R AR A7 R T 1 K i
K, AT S 2T B w0 A EE 1 i Y A [ B ] RR
AR R ROk S S T R R0 A9 AR B
AT LA 285 KA RE R TR R 0 R AR
7P A A KA 1) T 45 & AR e R v R 7K 43
ST Van I Lindstrom' ™ I\ Ay #5717 i [l 38 fin 2%
FEAR 20 AT H B, gl B PRI K, ki
rhg P 5 25 114 e o FH B R R AT R v o 45 R ) A2
KA RS2 R RE T RE AR 2R i,
PR [ B ] RRAE BE R R AR AR S IS K- i S 3 T
RN RE i £ A TH AR, TS SR 40 P #E T RE A fig
i, JHFEIR DY BE A A AR5 AR 1T BB K Tl e 1
IR E R AT RS Ik s, X IR AT RS BY
AIARAR A

B R AR L SRR A Fn B A B AR e
PIASE . IEREIRI A/ N TR H 192 739%—82%
RS 2 T AR D & 3 m s R, R =8l
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