5538 B 4 W) S &~ £ Eild Vol.38,No.4
2018 4F 2 A ACTA ECOLOGICA SINICA Feb.,2018

DOI: 10.5846/stxb201612152585

A, FEHRME, XJTIC, SCBEIE, REE, RN, TR, WIEFTE HLMERE AR RRAE SR B A SRS ML AR AR 5, 2018,38(4)
Lan M M, Fan L M, Liu F Q, Wen L' Y, Jing X, Zhu C, Wang L, Hu M Y, Zu X Q.The adaptive evolution of the Tree Sparrow ( Passer montanus)

phenotype to environment factors .Acta Ecologica Sinica,2018,38(4): -

B R R BB IN R 1E M L

LEH M, MR, XBEE A,k M, %, MFE A
VU R LM 330 S R DU 1 48 v A A T S 3 AR L B A B2 Be , AR 614000

FEE W RRAE (Passer montanus) 535G ) VR W2 AZIE SR A, X5 837 AMREAR Y 10 MIEARHE 5 iR
JE | H R OGRS 4 A FEIREE R FEATAHSE T 45 R R PR MR S K R R e sE IR S
H B F W AHDE (P<0.05) A E AR 3K B K SR F W56 (P<0.05) R g 3K a5 iR E R
TR (P<0.05) , R IR 1T A48 b5 5y BEFR S K 7 0 A8 AL i A8 Ak, 38 ok 42 ol 28 B2 RN R AN A8 1t XPIE S 465 5 4
FEM AR GBI 2 B IR SRS IR A B B 5 4 B 2 3 IR A DG (P<0.05) IR 58 HH B AW e W L 55 45 i 22 I 3 £ A
K (P<0.05) , RIFEE 4 B2 0T e, B RRAE B AE K, A5 G DUAS 2 LR 5 IR R 5 L 31 40 Wi e Rl R I 26 B o 2R R, °F 5 B 4
A, $ATRE S SR FER B FAE (=92, r=0.217, P=0.038) , 3% I} R4 76 15 1o 4% Mo IX EL A T8 19 RATRE S, 3%
WA ERAT AR =R,

KRR R T ARAE ; AR - R AU AL

The adaptive evolution of the Tree Sparrow ( Passer montanus) phenotype to
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Abstract; Observed across a large altitudinal gradient and a widely — distributed geographical range, the tree sparrow
( Passer montanus) is a species commonly associated with human beings. This study analyzed the relationship between 10
morphological characteristics of 837 tree sparrows sampled, and 4 environmental factors ( air temperature factor, sunshine
factor, altitude factor, and air—speed factor). The results indicated that morphological traits, such as body weight, rictus,
wing length, tail length, tarsus length, skull width, and interorbital distance were significantly correlated with the sunshine
factor ( P<0.05). Moreover, body weight, body size, wing length, tail length, and tarsus length were significantly
correlated with the altitude factor ( P<0.05). Additionally, body weight, culmen length, wing length, and skull length were
significantly correlated with the air temperature factor ( P <0.05). The aforementioned findings suggest that these
morphological characteristics have adaptive potential in response to environmental factors. Furthermore, we analyzed the
relationship between morphological size and latitude by controlling for longitude and altitude. The results of this analysis
indicated that body weight, wing length, and skull size had a significant positive correlation with the latitude factor ( P<

0.05). Conversely, culmen length and rictus had a significant negative correlation with latitude (P<0.05) after controlling
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for longitude and altitude. These findings suggest that body size increases with rising latitude, while bill size decreases with
increased latitude. Therefore, we conclude that the morphological variation of this species is in concordance with Bergmann’
s rule and Allen’s rule. A significant positive relationship was found between flight ability and the altitude factor (n=92,
r=0.217, P=0.038), and thus our results postulate that the flight ability of P. montanus is greater at higher altitudes than
at lower altitudes. This adaptive component of flight ability may offer an explanation as to why P. montanus is so widely-

distributed throughout the planet.
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Table 1 Sampling locations of Passer montanus

# sTng ijﬁ'*: “?fj/ j GIE/() W) Wm || A ;ffg ”;iff“: *ﬁj/ j BIE/(%) /() W/
Province site date sine Longtitude  Latitude  Altitude || Province site date sine Longtitude  Latitude  Altitude
TR il 1951 6 118.190  29.430 122 S S 1956 8 106.630  26.650 1277
e Jex 195%;252/ 88 116.224  39.566 50 SN LAl 1963 13 105.110  25.070 1236
W NER 1956 5 124.150  43.450 200 FM . 1963 2 108.820  27.740 390
it RN 196372000 21 119.168  26.056 57 MBI MAUREE 1978 1 126.530  45.800 118
1 HEBH 1963 2 117.960  27.070 236 - Y/RIN ik 2013 10 127.500  45.270 253
s % 1963 1 118.050  24.340 19 Bl HHE - 195171963 22 129.170  47.460 267
P TR 1963 2 119.290  27.200 198 - Y/RIN 0] 1956 5 122,540 52.970 436
ESCI 1972 2 99.340  40.570 1300 i3fald HE 1959 2 111.290  30.690 59
IR i 1959 3 116.630  23.680 8 L] s 1959 3 111760 29.200 49
IR M 1956 5 113.230  23.160 174 ] M 1955 6 111.310  26.390 139
I BT 1958 4 108.490  22.740 66 L ALl 1955 6 112.690  27.290 1051
23} HR 1963 3 110.030  18.530 14 L] gl 2013 5 112570 26.890 82
ik HEE 1958 4 116.020  38.520 11 L] M 1955 1 113.130  27.830 46
L Jrag i 1953 11 118.550  40.050 42 ] 173 1957 11 113.500  27.650 90
bl SE 1953 48 119.160  39.770 27 L] DIFH 1957 5 113.640  28.160 86
Rl wa 1959 8 114.575  37.175 35 Hmg & 1955 1 113.580  28.700 74
Tk BEE 1953 2 119.295  40.305 311 e vk 1956 1 110.630  26.730 318
T [ 1933 1 114.610  37.620 50 L] M 1955 4 112,950 25.400 222
L baai] 1953 18 118.310  40.140 107 HirE KN 1956 7 109.850  29.000 254
e i 1953 4 117.970  40.190 53 L] b3 1956 10 110.390  28.450 116
Tk JREfR 1960 7 114.600  41.850 1422 e a3 1955 1 113.230  25.980 145
EE]A R 1934 6 114.690  39.360 859 ] Kb 1957 1 112940 28.230 63
EBIA P 1953 11 118.870  39.890 41 WA ! 1929 1 120290  36.340 6
N AT 1957 11 118.760  32.050 23 %R Heas| 1929 1 120.390  36.190 19
ZES it 1958 1 115.030  42.290 1358 WA ME 2008 4 121.450  37.460 4
Wl TR 1964 4 111.090  40.430 1052 Hilg P 1960 1 100.740 32930 3524
ZES Wik 1978 6 107.070  41.100 1038 Tl Kid 1959 6 101.690 36930 2443
E I 3 1964 3 108.520  41.570 1281 Hit SR 1959 10 100.750  35.590 3091
Wl LR 1956 3 119.450  48.150 763 il L] 1960 1 101.620 34730 3527
WEH P 1979 5 105.410  38.500 1602 Hif AL 1960 8 102.020 35920 2124
WEE IFEIUR 1956 11 118.885  49.126 615 Tl I T 1958 1 101.620  37.380 2867
ZES T 1964 1 119.320  41.600 544 Hil R 1959 8 102.810  36.220 2047
ZES Lty 1971 3 106.790  39.660 1092 Tl AR 1959 1 100.250  38.180 2730
Wl Gl 1971 1 108.780  40.660 1174 T i 1960 1 101.740  36.890 2399
ZES ! 1965 4 109.520  40.380 1056 Wit i 1960 2 102.020 35510 2495
1Ly bk 1962 1 112270 35.810 809 Wit B 1960 5 98.480  36.930 2971
th7g tHilh 1962 1 111.670  35.300 570 il BT 1959/1969 28 101730 36.640 2087
[Rkic3 [ 1952 7 121.130  31.150 7 Tl &t 1960 2 102490  35.850 1872
EiN Al 1988 7 109.200  28.740 391 il B 196071963 3 97.010  32.990 3696
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# Sfm’ﬁ‘i i 51“? fjﬁ/ ;'\ GRE/(c) HRE/() Wm | A Sﬁf ’;ﬁﬁf’? *ﬁjﬁ/ j ZIE/(°) HIE/(0) WE/m
Province e date e Longtitude  Latitude  Altitude || Province e ° date e Longtitude  Latitude  Altitude
B W& 2 1959 1 78.260  40.560 1989 [T e 1976 3 91.170  29.650 3660
st B 5 55 1958 5 80.904  41.320 1159 [UE ik 1959 1 87.130  28.660 4326
B (TETE= 1960 10 88.080  47.510 887 PR HbE 1975 1 85.300  28.850 4114
B BTEHEX 1959 1 76.170  39.710 1303 [l Bl 1976 5 84.060  32.300 4424
Wi TR 1960 6 86.870  47.700 471 PR M 1973 4 97.570  30.650 3159
e Tt 1960 3 87.290  47.060 496 P i) 1975 1 90.400  28.970 4472
s =L 1960 1 89.520  46.990 804 P H ] 1963 1 87.660  28.580 4235
B SED 1959 1 82700  37.060 1418 = PRl 1965 1 98.840  24.950 1026
e Bl 1959 1 78.160  37.370 1371 = it i 1962 2 98.280  24.250 807
s HE 1960 13 85310  38.080 1244 =l fiigk 1960 20 98.910  28.490 3352
ik i 1960 5 90.220  46.400 1218 =H g 1981 1 99.280  27.180 2300
st X 1960 10 88.090  39.010 894 =M il 1960/1981 2 99.700  27.830 3282
st B 1974 3 82580  46.440 547 =l IR 1960 4 99.950  26.110 2060
i 7 1958 5 89.110  42.560 36 =nH | 1985 1 103.950  22.630 123
st BE 1958 2 86340  42.030 1058 =H %H 1985 3 103.560  23.210 1515
B g7 1959 2 77.240  37.520 1351 =H Jit-ih 1985 1 103.680  22.920 2291
53] HiE 1963 1 119.360  36.480 19 =W BY 1973/1978 14 102.720  24.970 2034
jo3i] IRAR 1979 4 109.075  18.735 133 =H AL 195%1260/ 17 100.170  26.640 2434
jo3s] =l 1963 1 110.470  19.320 2 =H T 1981 9 100.790  27.720 2692
IR T 1979 14 110.531  21.013 37 vy ] & 1960/1964 7 99.880  23.520 1623
ol 2 1956 11 103.860  36.050 1522 =H il 1973 3 98.670  27.740 1493
I EEIN 2013 10 110.180  25.230 154 = K 1974 12 98.630  26.000 1895
I &7 2013 1 110.190  24.130 792 = WH 196071964 8 100.970  22.830 1302
I B 1958 1 109.380  24.300 91 =H pall] 1961 5 104.450  23.380 1344
i) i 1958 3 107.980  22.150 178 =H it 196071983 5 100.940  21.860 543
I By 1958 4 108.490  22.760 67 =W i 1960/1983 2 100.450  21.960 1177
I - 1979 23 110.080 22920 128 = B 1959/1960 5 101.310  21.850 562
SEM By 1963 4 105.440  26.950 1525 =W iZ30] 1960 1 99.960  25.670 1545
M Ak 1963 4 105.700  28.590 263 = 138 1963 9 104520  27.470 1486

2 #R

2.1 HEHNTH5IESFERER

16 DI K i F R s ) 4 A FE YRS R R EE - (0.895)  H BRI+ (-0.872) gk A
T (-0.898) FIXGHH F(0.869) ,4 1~ F 7 FBEUE AR FE 16 N FREE 48 711 83.20% .,

4 A FEIAEER 53 B S5 R AE 25 TR S FRIE AR OC AT 0 25 R 3R B IR T SR | B IR 4R R 7 2 1 2
A (P<0.05) KK SR N 75 B E A (P<0.01) Wil SR RE N 75 W IEA (P <0.05) M52 5
H IR 752 3 U G (P<0.05)  # 5ilBE | H IRANG4R 7 2 8 35 A 56 (P<0.05) B K5 H R 3k Al
R R - 24 ik 2 TAHE (P <0.01) , Bt BA -5 H BECRI$k PR 7 22 1 38 R OC (P<0.05) |, il i K 5 R EE R 7 2
e B35 ARG (P<0.01) , I B 955 H IR - 24 35 1IE A5G (P<0.01) BRI BE 5 B IR 7 2 4% 35 A ¢
(P<0.01)(F£2),
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Table 2 The relationship between environmental factors and morphological traits

M R LSS W g LES AR Rk Bt B ME e IREE
Factors BW BL CUL RL WL TL TAL SL SW D
TJE Air temperature -0.247*  -0.073  0.239* 0.149  -0.186*  -0.124  -0.052 -0.256** -0.131  -0.156
H H2 Sunshine -0.284"  -0.087 -0.050 -0.208" -0.442"" -0.316"* -0.197* -0.167 0.373"*  -0.253""
ER Altitude -0.370**  -0.286"* —0.031 -0.044  -0.256"" -0.252"" -0.213* -0.138 0.093  -0.151
R Wind speed 0.072 -0.045  -0.048 0.120  -0.176 -0.245**  0.010 -0.062 0.076 0.067

BW: {AH Body weight; BL: &1 Body length; CUL; W44 Culmen length; RL: B§%¢4K Rictus length; WL #4 Wing length; TL: J&1& Tail
length ; TAL. Ht¥fiK Tarsus length; SL: B Skull length; SW . i %¢ Skull width; 1D BR[A]EE Interorbital distance;n = 126; F&H¥dE I AHE R
B A ; + 143 0.05 BB, = 3£ 0.01 BEKF

2.2 ZMENERHE
221 DIKgEHE 35
A A P 1 2 B, AW I RN S B SR AT G 1, 45
RENER 5B FE R (r=-0.774, df=
116, P<0.001) , RIFf 25 30 1) T e, SRS i e 3 T %
P (E 1),
A 4 ) 28 B AR AN AR i XA R K 3

30 r=-0.774
| df=116
PO . P <0.001
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Average air temperature/°C
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. [
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¢ . o
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O * . *e S
£ IR I S DL HR ()5 5 45 B 22 (0] AR 5 40 8T -5 ¢
gE LRI IRE S B B IEAHC (r=0.311, df= oo 900 1900 2900 3900
109, P=0.001) , (&K 54 BTG i E A C (r=0.056, df K Altitude/m

=109, P=0.560) , 3 52 i 5 W 2 1IEAH ¢ (r=0.320, R

df=109, P=0.001) Mt F KM H S 5L R B iy | Relationship between air temperature and latitude
IEAHE(P<0.05) , MR [A] #E 55 26 B2 JC W & AH O (r =

0.169, df=109, P=0.077) , 52558 % DS ACK IR KN, Bl 26 5 TH s MR A (R K Bl K, 75 &
DU S LA (1B 2,181 3)

35.00 2.40
r=0311 r=0232
| df=109 2001 =109 .
000 P<0.001 P=0.014
20 N ‘ . g 2.00 i 4 ‘
= o . 'y Yy
'—ED 2500 | . -, a AA:A ;}_{E ‘A . 4, i AA 4 R
gﬁ ‘o N ath + L2 g0 , 4 s b o o
AT a = L
§ 20.00 A{AAAAA‘ “a :AA‘ A ‘ ézz T i A‘;A “ N Ak AA‘ N AAA‘ .
M ‘ i‘{‘ i o0 = 160 ARy, AA‘ Lhaa N
4 'S i i
15.00 | 1.40 W \
10.00 1.20 1 1 1 1 1 1 1
18.00 23.00 28.00 33.00 38.00 43.00 48.00 53.00 18.00 23.00 28.00 33.00 38.00 43.00 48.00 53.00
45 Latitude/(°) 45 Latitude/(°)
B2 RRECREESENTN B3 #REMTKESENEL
Fig.2  Relationship between body weight and latitude of P. Fig. 3  Relationship between Skull length and latitude of P.
montanus montanus

222 PR RLAEE

M ok A ) 8 P R AR W AR B 43 S| A T 0 W 2L TS 5 20 B8 2 ] 1) D A DG AT, S SRR BT e 5 245
BE R B E A (r=-0.277, df=109, P=0.003) , W2 525 5 52 25 A ¢ (r=-0.225, df=109, P<
0.017) , RIBER 45 B (4 T 5, B PR AE W U PG S8 120 il N e 35 R B BAe A (T8 4,81 S)
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1.60 r=-0277 1.60 0225
Lo df=109 1.50 df=109
E l40¢ .4 . P =0.003 g P=0.017
L * o . o - . - .
E 1.30 e $ . ‘:‘ N $.° R 0: > 1.40 ., 0’. ‘. * . .
P * * * * *
- W S 10 [Tligie B LS daceel
O 1.10 CRAME * . “:,” * . ~ . . * ,“0000 L 2
& 1.00 | R c. gﬁlzo o ‘. e .
* . * -
¥ 090 " R 1.10 e R
0.80 |
0.70 . . . . . , . 1.00
18.00 23.00 28.00 33.00 38.00 43.00 48.00 53.00 18.00 23.00 28.00 33.00 38.00 43.00 48.00 53.00
45 Latitude/(°) 4 Latitude/(°)
e e 240l 3 -
B4 RAREEERSENTH B5 WHREBNBEEENTK

Fig.4  Relationship between culmen length and latitude of P. Fig. 5 Relationship between rictus length and latitude of P.

montanus montanus

2.3 WRREARRR SRR CR

TR H IR R ARG PUAS R R 10 ) S A o RN K AT BE 1 B AR DG AT e B B RR S IR R SR L H IR
FHRAR R 34 52 35 A AH O (P<0.05) , 5 TG 18 25 AH OCHE (P>0.05) 5 RATRE J1 54k N+ 4t 1 3 IE A ¢
(n=92, r=0.217, P=0.038)

R3 BRENEESHAERTZ BIRIHE XS T ( Pearson)

Table 3 Correlations between the ability of tree sparrow and environmental factors ( Pearson)

Beh Ability TR Air temperature H B Sunshine WK Altitude JE Wind speed
5 Body condition -0.220* -0.248 " -0.216* 0.009
RATHE ST Ability to fly 0.144 -0.085 0.217* -0.111

A i BR R/ B B KT, AT RE S BRI /IR E AR SR NEN Pearson MISE R B n = 103; = F/R P<0.05, #* F/R P<0.01
3 itig

A R A T AT SR B A X PR B AR Ak B B T IS 4 SR R B R RR S TR SRR AE 52 B IR ok,
UIETFR , TR 7, Z XG5 2) , Hod R i Fns K Rl i 53 3 AN BREE IR 1 W 2 6l
5, 525 B iR R /ING 2 By nl I R R ) 55 4 A5 R ) AT IREE o R 7R 1 S AN R R LR
RRFIEME | FEE IR X IR I A 7 TR, LA B i I DX SR, T UM TR A 1 AT A i X
KHE (n=92, r=-0.370, P<0.01) &K (n=92, r=-0.286, P<0.01) 3K (n=112, r=-0.256, P<0.01) &
K (n=112, r=-0.252, P<0.01) LI KB Ef (n=112, r=-0.213, P=0.025) B EFA% . BHRRAE IG5 5 R F
R 7 5 B 3 A DG (P<0.05) , 22 BHAR IR 28 Sk B 26 AT AT B R A /0 1) b DX R, RO v T 4 b DX AR TR A
1% AEB R Sk K/ NI R B TR 0 AR AR T S 35 A8 1 (P>0.05 ), BRIBL , W44 PR 7 I AN 5% i H Sk B RN T T4
Pofs B S B AR AR AE

PRI/ INAT LA i 2 8RR 3, B Skl RSP sl (R O fEF 250, 24 B S FRIE AL
P R — AR RS, - HAS[R] A9 8 S0 T8 25 RRAE 0 0 A5, 3K 3 W T 2548 Ak A 22 428 X SO 2 3] g o iy ) o 288
BRI, P AP IS R R ) T R AN R TE S FRIE U . AR R IR K 54 R R 3%
AR (r=0.056, df=109, P=0.560) ,(HARE #HH LUK S B R/IN 5 46 B 5t I 3 IE A G (P<0.05) L3l 7 5
R IR R BRI/ PR, B AR/ INI 728 Al X R 1138 R A 5 DUAS 2 i (/T 2, 81 3) . 2525556
I A 60% MAIFFE 485 5 S e DU SR | 15 288 (1% 33 Ao 8 U] ] DIk i B R et S AR AR A 1, L3 ol
2 IO AT DA 2 R (R SRR LA DA S B P AN 2 Ry A 8 ot <A 2 A 1T 2 Ak B 7 #2133 O HE
AR MR DXl N R i A BRI i 2 e A TR R A A8 A R 2 O L s A R 1 2% R A
DURS B AT IS ROPLER SR A 4, I FL M AN TE 28 2 75 DUAR 2 LA RE S b e 21 00 S e AR f iy S i 1
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PEATFFT 45 S IR A0 PR S (R 2 5 HH ¥4 43—l DR R R o 26 5 179 4 v T 2R B0 S 3 i/ Nk 34 (/T 4, 1B
5) , BV 25 P VA Ml DX AR e 5 R 0 A e, OB 25 AE X R 1003 7 49 BT/ R A, 7 S S b fb D A v
HIFAR AR S AL 2 REPE A — N ) 932 38 FH TR AR LBk I ) 3 HoAE 9 26 Ak rp HAT S it
A7, BN 2B 5T T S 8050 R, I HL & B A R it 25 A AR T A A i A8 4 7, 6 LRI T & &
U 25 T T A AL AN B8 T ( Chasiempis ) AR RGO AHIFGE 45 S22 0 A IpR 22 1) ok T ) B B 455 A
Ay 25 A, 70 TR S AP A v 5 T M X, 5/ P W Y A U/ A O e M O R PRI BR R L A, S SRR
NS EYIBELS A OC TE P LA R A2 IREE IR 7 T s s TR AR A 1) R K B R A R i R R R R
757, DT 1 S8 110 T 285728 A AT BT ) 45 EBC 2 0 g g 78070 8] LA JRR 48 Wk ) T 8k 2 36 A HL e
IR 35 R PR AL

P IRAE (A 43 S S R R | H IR Sk 3 AR IR 7 B 3 A DG (3R 3) , IR G AR 1R % T L H R
5 VPRI B RREE R T T B, 1R R Oh S PR XA G 45 R 32 BRI T R AR S AR A Rl b e
EHAPLREFE DI BE TS, T RRRAE & A0 R BE Y Bl , WT LA B) 42 b sz i A3 2 o Y A b DX g N AR o A
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