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Ecomorphological explanations of passerines coexistence in alpine meadow
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Abstract: Species ecomorphological characteristics are the evolutionary results of selective pressures that have enabled individuals of
a given species to survive and reproduce. Closely related species co-occurring in homogeneous environments should be
morphologically distinct to partition limited resources, so as to minimize interspecific competition. From 1983 to 2012, we studied the
ecomorphological characteristics of nine passerine species in alpine meadow. Results showed six ecomorphological characteristics of
the nine species were significantly different. Approximately, 92.0% of samples were correctly classified and the correct rates ranged
from 84.5% to 100.0%, except for the Oriental Skylark (Eremophila alpestris), which was 79.2%. Accordingly, the nine species were
divided into five guilds based on their characteristics. Results indicated that the niches of all species were divergent, and the
ecomorphological characteristics of the specific species in each guild were related to their habitats and foraging behaviors. These
results also explained the possible mechanisms of different species coexistence in alpine meadow.
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5 R0 TR A3 H I e P DR 2 AR b T S M 5
FAMERYFIZ FEE (Diamond, 1988), XL H 1)
PE A [ — e, RUVEAE M AL R SIS
HUABT A ZFEMEIEARSE (Willson, 1974), {HAMA
RS FRE S HAT AR, Rk AESIES Y
RFAIE A R e K 2R B U e ) 13 Y (Schluter &
Smith, 1986). XAid M 7F 5 V& o LU h 7 208K
BRI, Hik, BATAEHESES
SERFIE R AR R S 2R (R S AE M LA o

WImIAEE (R fE . iR S X ) R =,
A S AP IR] 55 43850 (Lu et al, 2011; Zeng &
Lu, 2009). (SFERA) A28 RG A BEAR A, A%
W, KSR, BRRZER (L et al, 2004),
EG Y REIE MR, PO RKARE, Y94
K, BEE LRI (Zhao, 2009). LG 7EIZIRES
R SRR R LM Ay N2l B, At SR AR
—HIER B . A BT IT 4 ARETE 45 1
(Zhang, 1982; Zhang & Deng, 1986). Hhl#%+¢ (Lu
et al, 2011; Zhang et al, 2006; Zhao & Zhang, 2004).
BN (Zhang et al, 2003) Z5E L Jj(Zhang et al,
2000a). 4% NAKKE (Zhao & Zhang, 2005;
Zhao et al, 2002c). §#LAT A (Zhao et al, 2002a;
Zhao et al, 2002b)F1E 40474 (Li et al, 2003; Zhao
et al, 2003)F5 7 MRS T s %Rt 42 8 H & 2R L4y
RIBLA, AR AR I OG T & 2R AR AT A 22 R 5
TR RIIRIE . A SO 2 E S RGP
LI 9 FhETE H &2 1 A S TE A RHIE JEAT LA
G, S HTIX— SRR TN R R AR S LSRR
ZE5t, fEREEATSEIL S IR I HLE], MEmER A
BRI S HIAE KR

1 #MR57F%

1.1 ffxHm

1983—2012 4, IR FE A R B i AL &
FERA) AR R G0 E liiEAT o WS DX elbth Ak 7K o
JEARAGRE, A183% 1L A6 S R4 2 BE R TEE 1 K Ve ]
DU, HBRAL E O N37°37, E101°19, ##4k 3 200
mo ARZEE N JEOR B S, R W,
XFIRLTHRZ N FHE-1.7 C, st (7 H)
FEARIE (1 )5k 9.8 THI-14.8 °C . I [FK
580 mm, 5—9 HFEK A FEIKER 80% (Zhou,
2001). FEEPRMAEE T (Kobresia humilis)
WAL GERMF (Potentilla fruticosa) i M\ 548 F i i

i (Kobresia tibetica)iRFALF A5, HORAE KA
W, BEVRSERITRI R (Zhou & Li, 1982). &K IR
WIEBEVE 2 B, s S 2R3 it 798 i) S,
AR (R TR DA HE N S5 2 1) A, VPR S
HKEAE T R AT RIS
12 HRMK

ARG LI EH R (Eremophila alpestris)-
KW H R (Melanocorypha maxima)~ "N=4E (Alauda
gulgula). ¥4 M0%Y (Anthus roseatus)~ (k#5459
(Motacilla citreola) %5352 (Prunella rubeculoides)-
KBS (Urocynchramus pylzowi) #¥E R T4 (Carduelis
Slavirostris)FIHh 11145 (Pseudopodoces humilis)&5 9 A~
Yo iz X S s 1 253 (Zhang & Deng,
1986)c ‘B AT AV 5 JH 2 F6 0 B0 SRS AN S AH ], ¢
A SRS 32 B HE M ] SR A R A
FiHh #E SR (Zhang et al, 2006)%5, Z5H Hem (045
e O AR, ISR AR A T
A 2 Al ) 2R A 45 (Zhang et al, 2000b).
1.3 HRAZE

KW ST AT TN G35 0 S5 idk, 8
93 HE 0 98 SR AR AT (R PR R sk o 20 FH LT
RV (Acculab ALC210.2 HL 7K, K5 0.01 g) Al
Webr R R(Mitutoyo 5~ L CD-12'CS 500-173, ¥4
[ 0.01 mm) W 7 ENMMERAE (BW). 4K
(BL). ## (WL). K (TL). Ff#EK (TML)FIHE
K (CL) S AE R TSRS FR o
14 HERESH

ZLVH A 56 T, H Kolmogorov-Smirnov F1 Levene
Giil i (SPSS 17.0)73 Jlier K BT i () I A A
T3 ZE [ s, W A2 7 2255 R Duncan-test 347
ZELWE, AW LR KH Dunnett's T3 VA T2 H
EEH o LAAI O PR 7 I B PR 35 U7 22 73 T (one-way
ANOVA) LB B 25 S TE A F R bR IR 25 52 o
PL 6 MESTEARRHESR R A B A S 5 MMk T
FH 4347 (discriminant analysis DA), & 1140 % ] 41
AR BE R R A 1 S0 AP S b B U o3 B RN AR 2
FrE S o A BRI/ A FE R 52,
S3H R AR ) = RO R K AR
B A TARAELL, T O DK (L'=L/BW'?)
(Amadon, 1943), HHTHIEK S SREWI RN
K (Hespenheide, 1973), #AN LA TARMEL . BT
A BAEAERE— 2 A AT AT A (2 '=log z,
zo MRTE. BHIERFNS A K FRER), DL S bl
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Z TG BT I 5 LU AR DG HR AR 1] (log (a/b)=log
a—log b)(Atchley et al, 1976). 5 & L\ mean+SE KR,
0=0.05 W=7 B, ¥ two-tailed-test.

2 &4 R

H & 2K ) K B (F5992=3823.9, P<0.05) . & K
(F3.99:=496.8, P<0.05). K (F§99,=2265.9, P<0.05).
K (Fs90:=194.0, P<0.05). BB (F59000=685.6,
P<0.05)RIBEUE K. (Fyo0:=1829.2, P<0.05)%534 H I
FIET . RIS A LA R K Sk, K

Y Az b ALY — N b
2.1 YMEESESFFENER S W R IR & I AR S TR AR bR A B K, B AR T
Ry RSN - B ~ ~ =
FLR R Z e R, 9 MradE ey EANERADGEE D,
1 SEERIMERESLRETHESEFEMILR
Table 1 Comparison of ecomorphological characteristics of passerines in alpine meadow
L/ FEASY A (g) PR (mm) K (mm) A (mm) e (mm) B UK (mm)
Species N Body weight Body length Wing length Tail length Tarsus-metatarsus length ~ Culmen length
HoligE N 112 37.758+0.2678" 149.138+0.8141%  84.913+0.3375%  60.564+0.4769" 30.459+0.1680° 24.169+0.1380°
Pseudopodoces humilis
J T e
ez 52 21.813+0.3237° 153.787+1.1698%  86.613+0.5717°  67.335+0.8400" 23.170+£0.1816% 12.3010.1480°
Anthus roseatus
=
ﬁm”‘ ) 234 34.452+0.1973° 162.551+0.6514° 109.198+0.3520°  76.739+0.4841¢ 23.3200.0998¢ 14.532+0.0768°
Eremophila alpestris
2. u h‘r“
KR ) 122 84.945+£0.6964" 203.997+1.3645" 144.561+0.8541*  85.095+0.8222° 31.653+0.1670° 25.101+0.1890°
Melanocorypha maxima
K5 36 18.448+0.3122" 152.944+1.1622°°  71.720+0.6266"  81.051+0.9626" 23.868+0.2757° 11.319+0.1404"
Urocynchramus pylzowi
[EFes e . f d d of
) 110 23.446+0.3673° 148.527+1.0400°  76.457+0.3688"  66.770+0.5267 23.448+0.1894 11.827+0.1149
Prunella rubeculoides
I rE 106 32.692+0.2526° 155.359+0.8610°  102.900+0.4372°  67.465+0.4822¢ 25.155£0.1627° 14.711£0.1159°
Alauda gulgula
73 Thi4e . . e
o ﬁ.’q&”‘é . 112 13.090+0.0834"  126.065£0.5052"  74.422+0.2108%  64.166+0.3862¢ 17.03120.1239¢ 9.828+0.1009¢
Carduelis flavirostris
K AL
HOk 117 20.434+0.2018% 165.034+0.9379°  82.209+0.3957°  78.701+0.4922" 25.753£0.2240° 13.194+0.1250¢

Motacilla citreola

Hidls L Mean+SE %78, bR AR TR A %

Values are Mean + SE, means with the same letter are not significantly different.

2.2 HESHSFHEHEXIFRF R 54T

FIH 6 AN AESTERFHARIR AT K1) 9 Fh
FEIE H AT IR o34 WA J 00 ek B R AT
1, BRTHRIE 94.3% (% 2). A0t
R 6 AMNIALE G R, o B ACE RS 1 1
BW' SR PR 7 97 fuf REAEHE B R, Ui pR AR 1
FB R T AMARE s T SRR R 4 2 1
WL'HI CL' AR 5 (1) R 1 Fupr RELAHE UK,
VB BRE 2 SR T AN AR SR I D 1) K
/N (R 3). BARILAYH A% 5 F0 6 [ TL'. TML'
Al BL =AM & I 1 fr REZEHME RO (R
3), HIX A BB R E(E <1, DTk iR/ (R
2), XM RFEWRAIR RS . Pk, A EEEE
55 1R 2 AN R AL

FIRN oM 85 FF W, ~92.0% I FEA % 14 )5
0, ey s AMER: a ERETE M EH RAVN A,
b B EREAREY ., BERESAS . 055 SRRy 21 2555,

o4 3 MR S — AR, 43 K R
TR TR A L R 25 (B 1) BR/N = 22 114 )
I M IERERIEARAN (76.4%), HoAb )P i 1E i % 3
i (84.5%~100.0%)(K 4). WETRIARIIFEA S

F2  HAFR R B E

Table 2 Eigenvalues of canonical discriminant function

Pl BBTIRAE  EWARE

Fu%'cﬁ?izon Ei;%ﬂjﬁles Proportion of Cumu'lative Canoni(':al
variance (%)  proportion (%)  correlation

1 41.222 77.3 77.3 0.988

2 9.066 17.0 94.3 0.949

3 2.086 39 98.2 0.822

4 0.506 0.9 99.2 0.579

5 0.390 0.7 99.9 0.530

6 0.057 0.1 100.0 0.233
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Table 3 Standardized canonical discriminant function

coefficients
RS RRIE %k Function
Ecomorphological
Characteristics 1 2 3 4 5 6
BW' 0.950 -0.138 0.619 -0.310 0.014 0.093
BL' 0.085 0292 0.608 0.186 0.328 —0.974
WL' 0.669 —0.970 —0.226 0.437 0.450 0.162
TL' -0.493 0.032 0468 0.093 -0.970 0.599
TML' 0.070  0.499 0.452 0.078 0.637 0.522
CcL 0.247 0.613 -0.493 0.553 -0.332 —0.163

BRI BT 7R S R AR I E A A A bR EAL o
All variables in the canonical discriminant function are standardized based

on normal distribution.

AT av b T, HfE RAVN AR
TARHIZAY NN T T%H1 20.8%, # LA AG RIS 428
PRI B 200 50K 6.8% 11 10.9%, %528 FLk 41
WS IR A B PR 3 A 3.6%F1 9.6%. HAhAFh
IR N (3K 4).

R4 SEEAERBESRES

~Hi1l14E Pseudopodoces humilis

= WYL Anthus roseatus

“ffi & & Eremophila alpestris

« KIS 7 Melanocorypha maxima
<RI Urocynchramus pylzowi
oH2S Prunella rubuloides
#8)eINRAE Alauda gulgula
~HEWEATIAE Carduelis flavirostris
o L A4 Motacilla citreola
=PRI Centroid of each species

UL F] %02 Canonical discriminant function 2
S

1 1 1 1 1 1 1 1 ]
=12 -8 -4 0 4 8 12 16
LR 5] k%1 Canonical discriminant function 1

K1 R e H SR IB A RAE AN 2B 20 A
Figure 1  Ordination of passerines in alpine meadow along the
first two discriminant functions resulting from discriminant
analysis of ecomorphological characteristics
el v f A L T T A W BB 1Y 95% . Ellipses include 95% of all

observations.

FEASFHHEF R 53 47 Ef

Table 4 Percentages of species classified by discriminant analysis of the ecomorphological characteristics of
passerines in alpine meadow

T 45 % Classified (%)

A Hiilige

Species

TR TR
Carduelis
flavirostris

KW R
Pseudopodoces Melanocorypha
humilis maxima

AR
Eremophila
alpestris

LRSS R AW
Prunella Anthus
rubeculoides roseatus

AR Ay O
Alauda  Urocynchramus — Motacilla
gulgula pylzowi citreola

Huili4E 100.0

Pseudopodoces humilis

Kl R 100.0

Melanocorypha maxima

SO AT 1000

Carduelis flavirostris

AR
Eremophila alpestris
NEE
Alauda gulgula
K
Urocynchramus pylzowi
Motacilla citreola
Prunella rubeculoides
K e iz

Anthus roseatus

94.4 2.8 2.8

1.7 88.0 6.8 3.4

0.9 10.9 84.5 3.6

3.8 9.6 86.5

AR O Sl S I A B, JEAR R S AL U LR

Data on diagonal and other parts of the table are shown, but those with little influence on the results have been omitted.

3 #

A ST BV WA h AR B ) [R5 1 LA T AN T
YR 3EAE (Block et al, 1991), b T ¥/ Nha) 5%

e, [F T G R B DWW R— R A F 4R
AIEAFHE, LS RIS 23 %] (Lu et al,
2011; Zeng & Lu, 2009), fHZIEFNILAE, A0
FGE R RFIX— PR
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AWFFLIEE S5 T o, TR R,
PITWESEI) 9 FhAE T H SR 045 T o8 R m b S R 4
R AN SR, FLS ARSI S A Fa bR

HATRZE 2R 9 DMRAER S A EBAT—
FEMES, #ddlnh 5 AMER, HANERN AR
FORr IR STE S AL (3R 5).

x5 TRKHENBESENESHSFHERREFES Y

Table 5 Ecomorphological characteristics and life habits of passerines in different guilds

5 H A A T A S R AT I 10 A 3 >

Life habits related to ecomorphological characteristics

il (EEATIEPLE BT FHE

Guild Species included Ecomorphological characteristics
a MER. hate FARPRIIAL T o (] 2K P

b PN N RN oy TN AN FACHIRTECR

c pUEP ((SIEECIN

d TR AT AE PRIV, W K d /s

e Holi e H BRI BOR, KB

AVESIRME AL, Je R
NGRS, 2 A0 T SRR AEE
B AR

BEATUHL, kT

N s AN

* BT Gh, UK R A ST

* Only long-billed Calandra lark nested in swampy meadow among birds studied.

a LM E RAVNSEWAYR, HAT
AT RIS 25 AN, B BA AR K
SHIES . B I A A 0 v ) b 3R AR B
(Zhang et al, 2006). HEHN . FMEEE H AR 7 5
/N (Zhao et al, 2002b), ZFH 5 5 (1) AR L FEA —
H, BHHEYSEES (Zhao & Zhang, 2004).
SR S/ s LB, HE M e e
S, (HOFRAILEOREE . ST RS A
J5 ) 22 ] R HALAE L] (Zhao & Zhang,
2004; Cody, 1968). IR # [FI{EHLIAE, AZS
PR REAEAE R IS, A IR RS R AR
S EARE T R I TIE, RI, e RAN T AR
AL SEA S B, AR AT HLILAF (Cui & Deng,
2007). b HEHIEFEAREY, HLEYAS . 055 2SRk Z0
2S5 4 ANPIFNZ o340 T 4 B HE W4 (Zhang,
1982), HAHXS K A KA KA R FIHLAEMTA I
{5 B IR BRI P . HE 3 AMERIRN S
JEAS SRR S PRt A AT R, KM H R Ak
B K, 70 W00 D R RV PR AL ) B
(Zhang et al, 2006); FWEARTIE KRR/, (R4 Fs
MERE N 78 5510 (Zhang et al, 2006), /NI IE
5 SR & PEARDC (Zhang, 1982); #AALIE H
R0 L 22 7E SR A 7 S (Zhang et al, 2006), 3%
KAt 5 LR ERAT AT A A OC, B g 5

B K-
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