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Abstract: [Objectives] The determinant of biodiversity maintenance of natural communities is important in
ecological research. In this study, we aim to survey the bird species diversity of Bita Lake-Shudu Lake region
of Potatso National Park, and further explore the functional trait diversity pattern and the underlying
mechanism of the wintering bird communities of this region. [M ethods] We used line transect method in this
study from August 2021 to July 2022. Specifically, eight transects with a total of 17 km long were selected in
Bita Lake-Shudu Lake region of Potatso National Park. Besides, we set up twenty-four infrared cameras from
November 2021 to October 2022 to obtain bird species diversity in this region. From November 2021 to
March 2022, we surveyed bird composition of 30 wintering bird communities belongs to four habitat types:
plateau lakes, alpine meadows, mixed coniferous and broad-leaved forests, and coniferous forests in the
region (Fig. 1 and Appendix 1). We selected 15 functional traits of bird in the database (Appendix 5),
including four morphological traits (mass, beak width, wing length, tail length) (Appendix 2), six traits of diet
(vertebrate, invertebrate, scavenger, nectar & fruit, seed, plant), and five traits of foraging strata (canopy or
aerial, midhigh, understory, ground, water). Based on bird functional traits, functional richness (FRic) is used
to measure the volume of functional space, and mean nearest neighbor functional distance (MNND) is used to
measure species distribution in functional space, then use “Picante” package in R to build unconstrained null
model and constrained null model by using “independentswap” method. The standardized effect size (SES)
generated by the null model was used to infer the dominant drive mechanism of wintering bird community
assembly. Finally, the paired t-test was used to compare whether the functional richness (FRic) and mean
nearest neighbor functional distance (MNND) of the community were significantly different before and after
the removal of wintering birds, and then combined with the null model results to explore the influence of
wintering bird community on the functional structure. [Results] A total of 114 bird species belong to 13 orders,
42 families were recorded, 74 birds have been added to the previous field record of this region (Appendix 6).
Five and fourteen species were listed as National Class I (Appendix 7) and II protection bird in China
respectively. The four habitat types held different bird species composition, with overlap for the two forest
habitat types (Fig. 2), however, there is no complete overlap in the survey points. Sixteen wintering birds
recorded in plateau lakes and alpine meadows significantly expanded the functional trait space of the

community (P < 0.05), meanwhile significantly reduced the mean nearest neighbor functional distance (P <
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0.05) between species in the functional space (Fig. 4). The functional richness of the wintering bird
community increased with the increase of species richness (Fig. 3), but the null model analysis found that the
observed functional richness was generally smaller than expected (Fig. 5), that is, the functional space
increased with the increase of species richness, but its increase was limited by environmental filtering. The
mean nearest neighbor functional distance of species in functional space became closer with the increase of
species richness (Fig. 3), while the constrained null model showed that the standardized effect size was almost
greater than zero (Fig. 6), in other words, with the increase of species richness, species are packed more
closely in the functional space, but limited by the effect of limiting similarity, species will not gather
indefinitely. [Conclusion] This study updated field records of bird species of the Bita Lake-Shudu Lake
region of Potatso National Park, which can provide a new data basis for the conservation and management of
bird diversity in the region. The migration of wintering birds filled the gap of niche and made the functional
structure of wintering bird community more compact and stable. More importantly, our results showed that the
functional space of the wintering bird communities was constrained by environmental filtering, meanwhile,
the distribution of bird within the functional trait space was affected by the limiting similarity, that is,
environmental filtering and limiting similarity are doubly important for wintering bird community assembly.

Key words: Bita Lake-Shudu Lake region; Wintering bird community; Functional traits; Drive mechanism;
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Null model

AV Z M OTEY R 2 FEME Cspecies
diversity). DIREZ A% (functional diversity)
MAG: KB LM (phylogenetic diversity) 2§
AR, K Die 2R E R SRR R
[fifg7~#% (Cornwell et al. 2006), W] LA REE

ViR 2 FEVE T B 30N IS FE (Mouchet et all.

20100, FAie £ AT RE & B AAAETUAR (Petchey
et al. 2007, Hillebrand et al. 2009, Schleuter et al.
20100 AP FEIE TR O 4EREHLEE CHPREVR
FEEALE], community assembly mechanism) —
HaEA AR @ (Rosindell et al.
2011, Swenson et al. 2014), A&7 FR IS A1
PEFI BRI P PR E R i, (HHOR
52 (B FOIE DTV h S ME AR A ThRE BT
SN, T IR 2 AR AR AL R P A]
A EAE A R A A Z A 4R R 32 20K
5777 (Harpole et al. 2006, Kraft et al. 2008).

XF LA BARKILH] Ay Xt GBI T T EAE — e R
AR T AR A E R HERL T R, IR
VIR ILAF BRIy, VR AL A ) i i
FE 22 S AR 2 R I FYoE, BT 35540

BLi AR E AL 2 (B AT (Chesson 2000,
HilleRisLambers et al. 2012).
FEVE RN (community assembly rules)

(Diamond 1975) R HEE M E N, WFh&
i 2 ES B BEF AV EAER, AKX IE4)
ol P Gt 196 N /N SR K 7R (Webb et al. 2002),
1L IE (environmental filtering) A% FR AR AL
P£ (limiting similarity) P43 Z1ERH T2 5
SRR AR FEAR KB ] (Webb 20000, F15%
SO FUAE R S OTNE L 7/F Ll AN Sl il e o DA L Y]
RetERE R SR 4 (trait convergence) (Lavorel
etal. 2002, Cornwell et al. 2006); TIHETE YY)
Tl (A LA F - B0h RE AR AL P A 7 A 58 5
HERF, ADhRETE IR 7 73 H (trait divergence),
R A7 o R AR FR AR AR F (Ackerly et al.
2006, Grime 2006).

RTINS Id Y8 AT PR ARBL I A F AE B VA AL
AR PR M S TR — R AR
T T RE 25 (R SRR NZ Th 8 2% (8] P A0 43
A BEFPF E FERE N A% (Ricklefs et al.
1975, Roy et al. 2000). 455 I 2> fR 41 2 g
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2[RI AP & B G N 3O, AN 4 dE—
FAARES, AR 3B R E DD Re 2 (8] 4 2
HH %% (Macarthur et al. 1967). #RT0, fEK
FRABAMAESE RS, YR E D 2 A 1) B e FR BE
AR, HYEeaRn e EEE
(3L K (Macarthur et al. 1967, Ricklefs
etal. 1975),

FEVR A A 0 F0 3 — MRl ) g A A
(null model) SRAR I P45 1o Y A1 FRAH AL 6T
W 2 FEVETE B HE R AR M. SR,
AERR TR, RIHE R A XS AR N R 3
HEVRVIM ER R TR, 25 5 S IEE
55 T ARAG B SR AHALEAEF (Swenson et al.
2014, Benavides et al. 2019). HHFFIN N, K
B SRR RAHMEAE HAE R Z R &R, BETR
I S R TN AR AR A B L 1) R s )
(Pt 8 PR, G RS TR T 5 H A A o ) PR AH L
VR SEBLDh Re 25 [A) (1) 4 4k, BB D e = [A)
(1) B & 1M S5 B VR LA A R IR ) 3k AE
(Laliberté et al. 2010, Swenson et al. 2014),
BWGIX PP AR A IR R R R e FEL
REVERE N RN R (Kraft et al. 2015),
M 22 A PR A AUk P AR BE V% R R AE S
Swenson %5 (2014) $2H T 40 EMESF A,
sRid AR AR BEAEA (B FRAH
D XRS5 A A D Re 22 FEVE RN E
B, [ I3 T ) g R ) AR B A A
A AR AT RE .

B AR A I B 1) B A R oy AR R R
B, EAERFNEEEMZRN., SRRESRS
DR e BT AEREMEN BLE
2012) . Tfig 2 A1 142 H S S 2R 7 v AL T)
RERFAE 7 TR AR B, AMUURIBR T4
FhZBEME, 140 Klingbeil 45 (2016) FFH 12K
DI REFFAER TC IR AT AR 2 S REVR I 78 A B,
TEME SRR 2 |, FhiEAHEAE IS )8 2
2 SR SR AR 1) - EEOKA) 5% (Al 2K ThRe
ZRMER R RS RAIIRE, WS RYFTh
ReZHEPERE R, RATRER ARG TRER

TR, T A e AR R 2> 4§ (Schiitz et al.
2015). S, S Tyhe 2 AP S SR RE 0 IE N
BRI, RIFHUBATHAES MG, XEEY
2 FE I OR AP R A B 8 BT AR 11 21 L 1 4
WA VFZ AV TR . BAEAAE 5 5
WA A B A, PR PR A
HE—E R bl 7 aguit=ind, 25
() S R VR A AL B Sy R T A
PIREYIR VR R U /EA (40 He et al.
20210 FESRIT SR R ABL, M5
O A S S SRR 2R A R B R R
(Barlow et al. 2004, Menger et al. 2017, Borges
et al. 2021), [N, WABFREY, REEE
TV A gt R v, A [B) 1) 5 5 R 55 05 ] 3R A5
PELEIREE S o 4 B EE 32 (Braga et al. 2022).
FAb s AR AR A TR 5 S VR ) R AR AR
MEBAR M, ton, Z5E Y I AH BAE H
Ao SRR B 5E e AT Re 5 FEAE A, MAEEE
W, WA R, SRR AR AE AR G IR PR SR R 1 AT
REXT L& M) 22 B B L (Forsman et al. 2001, Jia
et al. 2020).

kT E R AR AR 34 NMEYZ N
WX 2 —, [ XA 4 550 R, 3hH 392
i, HAR KR 76% (MW 2021), 3
W& ig-JE #O i X N B> B AR B X A1, A
AR BEEE A 3 M ERES RS,
Hor AR AR R T S I E S ST
PEIE S BRI AR A, R — 2K
SR, AR A T KA [ N R
e AN S ETIE 60 R (FHELESE
2016 ) . HLAY Bk & 52K BB (Ciconia
nigra). B (Grus nigricollis). K (G
grus). PEkJE C(Anser indicus). [ i it
(Haliaeetus albicilla) %, #& (~ra IS H
SRARPIX) JEHEZE 20100 183, F4F 10 A
£ 11 A& SR RET AN, (#HBRE3
HIE o A4 E KA B A% B X 5
FHEFT T A T NI R . () 27 5 4
2008, HHEESE 2020), SO HAREIATE EX
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111 FZxHEERAE HEHERXAME
(199°54'13" ~ 100°11'42" E, 27°43'42" ~
28°04'33" N) Hukb w4 A A% AT, BT IX
25 km, I FHEBERARELE “ =R
G E SR I Hh b o [ DX HR T B S X
EFE LA R R, SERIR 5.9 C, 4E
PR & 633.6 mm CGGKARZE 2018) , N
2333 ~4576m, EEFIGEHE, HEFEEW
ARk, B IX G 60 210 hm?, fR7E T %
B RIFWE. k. SaSES RS, Hib
AR 508.36 km®, EHIE AR 58.68 km®, i
L AR R E AR LN 5.44 ks
112 EEW-BEBAX  HEE-E A
DX A 38 a4 [ 5K 28 [l 9 i P 0, g4 BB A
3441 ~ 4 158 m, &5 XSS 7 AR, WA,
HAX=FERES RS TRXKEEES 4
R AL AR — o DAZE S AN B HE N
B, WX 3 ERE VR A K (Glyceria
maxima) BEV%. X5 (Zizanialatifolia) #EV%
K (Batrachium bungei) Bfvx2E, — LA
PREJERE T b4 NEMEL R, 58
WA AL (Blysmus Sinocompressus) -
¥ (Festuca coelestis) « 444 % (Primula

sikkimensis) % (%% 20100 ; =2 MU=t
(Picea asperat) Fl 4412 (Abiesgeorgel)
R E AR, 72 X NIA A D952 A
KEL A (Larix potaninii var. australis) F13#%
T HE (Quercus guyavifolia) Y23 3 4t i TR
TR, FESMEEIEERE X, BHEA X5
fifg =AM AKE (Betulaplatyphylla) JEAZHkK.
1.2 EFSMEEIREX
121 ZRYMEBHEMAE MAHSKEE
FELEFNZL A AL D32 3R AT 2558 1 - 8 103
X S Rh 2 e

2021 8 H & 2022 4 7 AER XAk 8
S 17 km BIREZL, FHARAEZR 2 A]EE 1 400 m
PLE CE D, HESRIE 5 ANIRIBL A 7
2021 4 8 A A2 9 A EA. 2021 £ 11 AT
HZE 12 AV, 202241 A BAJ. 202243 H
). 2022 6 H MR 7 H LA, FIR%
FELHAT O IRE A, MR HA 45 d.

2021 4F 11 A 29 H#E 2022 4£ 10 A 28 H
FEF XA 15 24 S ZLAMHEL (245 : CANGLU
CL-T1, HR¥EEBARRAHRAR) (K1,
BRSE 1), AHABFHMLAL S E] R 400 m LA I, AHAL
WEEFEME 0.8 ~1.2m MK T L, NikE
P M HNLEAT ST, BB IR H
W) A2 (b & RBUE, Mg, &
155K A M3 A 16 GB Sandisk SDHC
CAZRAFE IR, B 12 5 AA Bl s i it e
FLEZLAMANIE 30 min WA IR —F 34
MESE AFIERN 1 IR AWE A
(independent image), T4ttt AP £
JZ (O’Connell et al. 2011),
122 BLAWSRBEREE 2021 411 =
2022 4 3 H, fEZEESIE-JRERH A X A AR
(coniferous forest) . £FfEEAM (mixed
coniferous and broad-leaved forest) . & L2 fH]
(alpine meadow) . = JEiHIVH (plateau lake) 4
ARSI T 5l 7 64 11 6 MR,
FLEH 30 M FEAE A (B 1, PSR 1), AHARFE
M AR 300 m DA ko SREUATARARHE fiik
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HATEA SRR A, SRR A9
BEIEAR S VRS A 25 m, milliEA) 75 m,
WA 400 m (Billy et al. 1998, Fontana et al.
2018) o FEMEEH FEMM 5 5 min f5, 03K
15 min, B RIFER G B &SR A H 1)
9:00 £ 17:00 I AT, BEAFE RTIEAT BB
AR A 1) B HLH1 5 O (8] [A) B ) a) AH [
s RERRE, SREH35d, HERIDS
YA AR S/ SR SR

B RYF e LS (hE SR T
MY CRIPHSE 2021) F1 (HE 2287 AP LG T
MY (L5 BEEESE 20000; &25% H KRG
H{ HBW and BirdLife Taxonomic Checklist v5
(HBW and BirdLife International 2020); 474
PRP2E L (http://www.forestry.gov.cn). tH5H
IR PR 4P K B WG ) A AL 8 44 sk (TUCN,
http://www.iucnredlist.org/) WG B A= S AEY)
br 2 % %) (CITES, https://www.cites.org/)
BILLE 7 st A
1.3 DhRetR ¥R IREL

AWFFERL T 15 AN ZRDReAR T E )

R
PR A g

(e £FnTph g’ X
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0 A Akm
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B RRTRSA

Mixed coniferous and broad-leaved forest
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Fig.1 Distribution of bird survey sitesin the Bita L ake-Shudu L ake
region in Potatso National Park
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ReZtEtE, EH T 4 MEEFHIR: h=E
(mass) - B 5% (beak width) « B (wing length)
MEK (tail length) (3% 2) , MO EHE
KR T“ AVONET #4547 (Tobias et al. 2022);
6 NEM (diet) MHRHKMER: FHESHY
(vertebrate)  TLHHMEZNY) (invertebrate) -

J& (scavenger) £/ (nectar & fruit) . Ff
+ (seed) FAEMA (plant) ; 5 PNHEHEZE
(foraging strata) FHICHIPEAIR: e R B
(canopy or aerial). #AH1JZ (midhigh). #AF
JZ (understory) Ml (ground) F7KH/7K[H
(water) o B VEATECE L2 A0 OC B PER 35 SR R
F Elton Traits 1.0 (Wilman et al. 2014). HH,
R SRR BLE R RER R R AR
(Luck et al. 2013). i K/ (Ernest 2003,

Speakman 2005) K 3EF5R5S (HFESE 1997)
EROG, RS RPN A Re I P &
&, [R5 e 15 HAl AR A [ P B

W e 5 B BHIE R A BEEOCR, BRI
W& 71, BEHEINIE N 2 AR AL B B R Y
(Hespenheide 1973, Lederer 1975); EK 51
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KITHEFEES . ®ATHERE. WEXMHEEX, W
HEBKITHEER T, FNKEAEEER
LA B Pl %% (Pennycuick 1972, 1989,
Fiedler 2005, Telleria et al. 2013); B 5 &%k
JE BTG RATRE IS R, I S i R,
“KATH I FE 77 5 /N (Winkler et al. 1992, Thomas
1993) BV TE YR 2 5 M) B S H = A0 73 A7 i g
X2 (Crampton et al. 2011), &M ERE
(1) B 3 LE 3 WA KR 1) 32 BB DA S EATTHE
WEELIRAS, SR BEY L EFRIES
SIREE R, bRt a2 7 DR
PPN & e Bl B AR AR I AR B IR KR,
ZH R EEE RG IR AN A AR A R )
getEAR, JF HAMEFE/F (Greenberg et al.
2000, Sekercioglu et al. 2004),
14 HESH

AT Je 4 FpAEsE, HorpE il B RS
R BT AT, RS AR AT N TS
WEEYD, P LA IS I i == & T2 9 Xt )
=S B A VR ASHRANEE I AR e % 13 M
T, WERE R EZEAN 0 ~6, Wit R
MR, 11 AMERTA 8 MEREREES
4 JEtrFrfaE (3D, F\ IR FEE
FERAER A 4 PRASERAT R RUE I
FIANEEIAR, SRR 2 BB AT,
LI 30 PR A U 55 SR b 22 2 2 — BT RS A
MO 5 AMRE, AR BRSSP Fh 2
B, RATIEE0MT. RAHH & KI5 31T DA
oA, HRR A 2 B AL 7 2.
141 FEYMAR BEFEEEZHERE
43 M1 (non-metric multidimensional scaling ,
NMDS) AL A ] 4 Fe A 358 70 5 S v
YiFpea s, F R Y “vegan” AL (Oksanen et al.
2013) 1 metaMDS & B AT HE R, JFE
“ggplot2” £l (Wickham 2016) fE].
142 FEEINEESHEME XA MR HodE gt
A7 b AE AL AL R IR 5O 5% 1 43 BT (pearson
correlation analysis) (Casanoves et al. 2011) ,

REIER 15 D DIREVEIREAT IR A T (x4,

B3 5) o FIFHZhREE S B (functional richness,
FRic) #7541 SR E DhRE A (Villéger
etal. 2008) , THEEFE L (FRic) BEENRAE
TR DhREZS [FBR, B h BRI 3, A
K= (Petchey 2003), [A]H R ALHE VA AIHE
PRV, BROATE AR AL % (] Hh 1 2 B e
/Ny BENAZE T AT BE T8/ (Dukes 2001);
I R #“FD "1+ 5 D e F & £ (Laliberté et al.
2010, 2022) . FFPFAEZ A A EAL N
Th i 2 18] P 49 b [i) 1 349 B¢ 30 40 % oh BE A =S
(mean nearest neighbor functional distance,
MNND ), /N {7 3 5% 3 46 $2 Th B BE 5
(MNND) /R PIAE D e 25 1) o ) SR AR B2
Bim, AIRES RECE 2 A SN EE B I
% (Webb et al. 2008); it R [ “picante” £
t mntd BECTHFIRAS (Kembel et al. 2010).
FIH “ggtrendline” £ LEFEAS[F) AL R ¥ Fh =E
EEMIhAEFE B (FRic) 5344880
AEFEES (MNND) R FR, HRIERAE S HE N
( Akaike information criterion, AIC) 315 &AL
PR, JReH G L (Mei etal. 2022).
TR IT B A I LA 2% B TR D) e
[ TTHR, AP AERRAC S T 2 R T H SO B
w5 LAY ERVER D ReF EE (FRic)
5P a4 E: T ReER By (MNND), i R
t.test BRAMAC N TGS, LB R BRIEA TS
Dige+ % (FRic) 5V 84T aerh &
(MNND) 2 {5H B#& %5 .
143 FTHEEIME TS (null model) #7H
Kt e MR ThREF E L (FRic) 51
BOLARRETIBERE B (MNND) & 75 SEEHLEE
A FATFIF “independentswap” J5vF K
AERA (Manly 1995) , XA EZHAN
T RE B DRAERE I MDA B S S A A =
FEAAE, F R “picante” fURJEEFMA, 75
25 eI F B2 R RENL 999 Ik, JRAERE
REENL T EFR T ESN AR+ E
(FRic) 5V AL I)AErEE (MNND) ,
T — A 999 AME 1) BE AL #E %  ( Swenson
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2014) , I FHALELAE AN BE ARG T R bw v 2 N Al

(standardized effect size, SES) , AU

SES _ Xobs — mean (Xnull )
Sd—null

Ses RNPRUERANIAE , Kooy RN DIAEF H E
(FRic) 5 V-HIHiaBHaT)sesEE (MNND)
FOBLIE , o Eon TR D) REF &
(FRic) 5 F¥IHAr4lEIfesi® (MNND)
IR, Spnun R F R 999 URBEALIE HIHR
HEZE . bR UHENE NIRRT, RID)Re & R
(FRic) 554l Ihfesi® (MNND)
OISR = T PR, o BEE T Rl e
DREVEIRZE M LB, ARPRAR A 5 5 N
FUER, DIfEEEE (FRic) 5P firsies
Digeri s (MNND) HOMEEMRT I ME, &
BRI M E DI RE IR G5 M 3R &R, MR
PR 5T APRHERNAE S TR, R
N BE V& O ) M AE T BE A R b R BE ALY
(Swenson et al. 2014, Song et al. 2017, van de
Perre et al. 2020). MEIIFGEFEERE (FRic) 5
BRI AL DI REERE S (MNND) EFR i 1:%
BRI ) e Ay 25 - J 0 v X 30 AN
FERUIBTA IR R P25 5 484 D) Re BE 2
(MNND) BRil 1 F AR i A 22 g D e R
B AE ST V& T A B P

7 18 AN [F] A 455 2 Y LA AN [ 1 AL A St
M, 95 RIS [R] ) B P B s A S A
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FEVRAC AR SR AN L e 4 FPAE BRI S
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21 EEE-BEW A X SKMME T
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HACFER) 114 Fh 2K, )8 13 H 42 Bl HMEHE
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albicilla) & K —JH fi 75 3 (% 7
M Clthaginis cruentus). &1L JL# (Gyps
himalayensis) MIZLAZ M4 (Loxia curvirostra)
&5 14 B2 X 0 AR 538 7E TUCN H
Wik NIT fE 2 (near threatened, NT) FJ528
A, JEAS (Sttayunnanensis) % 6 fi,
1A 2L (Aythya ferina) #0588 5% G 2%
(vulnerable, VU). {E CITES " #{ic s 1E M 5%
[ FARM s 1L e A o3 304 3 FhoRt 6 . Hii
FHmm M 3 MK RELE (Anas
platyrhynchos). [F1%%4% (Motacilla alba) FIZL
511138 (Pyrrhocorax pyrrhocorax); & 19 %
RAEBENRE AR 1 R, 5 (mmE
BRI XY (JEHEE 20100 7E 2 IEHE-
JEHRI Fr X B AR E SR I S AR b, AHIE TR
T 74 MR (3K 6).

22 BEE-BEW XA 4 HERNY
REFEDFPLE R,

EFRENVRAS AT TR PN AU (B A sg
%5 N ZKHI01 F1 ZKHI02) Aic s3] 1 F,
DRI, T 28 ANFE AT 4 Bl AE B S SR A2
B, 4 FPARSEH IR E B (RO B
FMRAK O, s (M EEEN 27, F
FD wE (18). EHREVRAS AR (1), &
PRC8), Forpr, o7 T i B IA A= 455 ) GYHPO2
FER EIR R E s, N 16, FEREZ4E
T (NMDS) R, 4 FhAESEM S50
WHMAAE R 225, Hr, Stk S5 E iR
THVEEAE EE, HSHEE SRR LT
EaEs (FH2,

23 EEE-BEY A XL SRR
ZREMERER

231 DIREEEENTFERIEMEDIGER
HHBEVEIREEEE (FRic) % 3 MRULE
VIR, BIBRANRF G SR BORE USRI 18 ANFE AR
AT G800 B DIREFE S (FRic) FEY)
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Fig. 2 Ordination plot of non-metric
multidimensional scaling (NMDS) of wintering bird
communities of four habitat types
Stress A& i B REATE ik 48 5 T PR 10 245 18] B B 5 HCAE JiE 20 4k 2 ] B
B ZEMMIRRHE, 24 Stress <0.1, YCAHBRIFHIARLEE.
Stress is a standard to measure the difference between the spatial
distance formed by the sample after dimensionality reduction and its

distance in the original multidimensional space. When Stress is less

than 0.1, it is considered to have good representativeness.
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Fig. 3 Relationship between the bird species richesss and functional richness (FRic, left) and mean nearest

neighbor functional distance (M NND, right) of the wintering bird communities

R E N4 . R value is goodness of fit.
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Fig. 4 Functional trait space (FRic, left) and mean nearest neighbor distance (MNND, right) of the observed bird
communities and communities without wintering bird species
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GYHP. Plateau lake; GSCD. Alpine meadow; Habitat type of bird communities on the left of the dotted line is plateau lake (GYHP) and alpine
meadow (GSCD) on the right.
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Fig. 5 Thestandardized effect size of the functional trait space (SES.FRic, left) and
the mean nearest neighbor functional distance (SES.MNND, right) of

the wintering bird communities on unconstrained null model

r A Pearson #15< &% r is Pearson correlation coefficient.
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Fig. 6 The standardized effect size of the mean
nearest neighbor functional distance (SES.MNND)
of thewintering bird communitieson

constrained null models

r A Pearson #15< 22 %. r is Pearson correlation coefficient.
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Fig. 7 Thestandardized effect size of the functional trait space (FRic) on unconstrained null model (left) and
the mean nearest neighbor functional distance (MNND) (right) on constrained null models of

the wintering bird communitiesfor different habitat types
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Null model was not be constructed for communities located in coniferous forests as low bird species richness, r is Pearson correlation coefficient.
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V- JE A DX B AR Al 5% 66 A A
PR X LA 3 114 Fh 26, GG 19 FhE K
P SRS, FERT IS AL DN R A BT
T 74, BATHRE 26 FhRMILRE], RS
fift (Aquila chrysaetos). M5S (Bubo bubo).
ik 55 %5 (Tetraogallus tibetanus) . 41 I8 f K
(Tragopan temminckii) 25[F 5 2 {37 1% 2%
Jir PRI AT A AR AT T 1) T B R 2R AN 2T A MAHBLE
FIX I E TG AR, 25 8 B X b I A
AT, WERELIIM e P IEF/NME b
LLAMBNUAE 88 oR B XAk, B AT
WANE B X IR AR AMENL. 73— T RER
SRR, Seimisih ARG 2 MHT T R 1
RIFEL A, (H ] REARIC 5 3 Ll i i 853
PP, BRI, BTSSR RE E
FA YRR SR 78RS HE, A E R DU
X8 or BAA RV I aF AR A+, 4
I, RS, AU AT
T AT REASF

32 EEBW-BEW A XBAH S RBEINRE
22 18] B BB L

BT R -JE H  DXBA I 5 R R
R 2t AR 4 PpA5g b SRR YA 2 R
(38 ot AR g DhRe F 1A ) w35 g n, - ARG
ANBER E D e 2 (A e A0 A =F 8 B i) 3G n e 15
SR, AEFF & Ty e 2 18] 14 ORI 7 B PR LA
RIFVER . Wb (8] -1 1) d S Dy e
FRAT B FIE D Re S A SR 7R R B, HLBE
VIR EE FE RGN 22 08N B AL i R )
FHETh e A A 78 SE N, R 5 23RIE
B FEVR S n) TR Dy e A5 18] P K A
oo XML R A2 BEN LA FH G BRIt 2 A A
SHEEFHMIE AR E R (Ricklefs et al.
1975, Swenson et al. 2014),

AHIEFE R RHER J3 R)R 2 JH B SF UE Dy e
(EDOESEAE /N T T, 15t ARV D e 7 1) AR B
VIR EE FER G REn, AHIREE S A A R
il 7 VR DR S G K. M IEEA N R
SR N ARG ], Do R T A A A

HAEH (Abrams 1983, Mayfield et al. 2010),
[ By B 1 AR A B, PSR R A D e FE
B SRR S T HAEAE, R PR ARAL
PEAE FTE A Ah SR AR (R IT 22 BHL -4 b i P SR A1)
KA (Pigotetal. 2016), Ui F X SHBEE
(I (RIS 52 A P A S5 ek 30 AN A= g () A B AR
ik FIFaE LA (Weiher et al. 1995),

L LA EZE ST, 16 Rl A 158 it 18
APEHEAN R IX, B S-S AR A AL A S AL
59 e 1ok W SR ARSI A P A7 TRV . Thie
F & A A N R R AR B SR
FEIEAHDE, HIERA S IE N R EH KT &R
THYER g LR ) A B PR A S R IR D e
AR, BSEE TR DIReEE A, REA
B2 M RE R TR E B, [
ER DR M RERE S . iR s
ERREESTPEEN T AL, AKS
WA NR (kG 2011), [RIR R
A8 SRR T AT B E D Re AR (A, AR
P B B DI RRRFIE I A R AL B 85 (Malpica

et al. 2017). —fA N, ThEt$£EEENE%
HfawetdE e, HIhaeEE e EkE g

HE IR BE A S AR ORI (BRI S 4 LD
(Mokany et al. 2008 ).

FERTHMA AT b R BT i PR AN VR AS Ak
AR NAFEREARFE R R dgd, XAk
A AR AR AR B S SRR - Aok IE, Bk
MRAEE AT 9 K HR 7 & SR (L EE S s BFFEIX
BT KB R A BRI, B
JE BT A ORBR ) B AR AR L B AR A1
R EE L IE TN ES IR e LY
(1 S B2 PRI, JE B 11 AN A A
RAH 9 MR RELE S EIE BN (Salix
delavayana). =i1lifil (S cupularis) B Ki¥
¥ (Rhododendron hippophaeoides) M, ix
1A v L B AR B R S SRR T AR A AR
Mo VAR R K I 55 2 I R HLE I
RKETABHENYERIRA 7K (FENNE
52D EEMEYKIE (Horvath etal. 2021),
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THPIA AR T AT R S S B EE R .
TR, IR A XA R AR B
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YSANAS[R] A S L, [ I P B 5 R T 1 2K
AT HIYEE R R (Crampton et al. 2011), @it
X AN ] A= S5 B A Y. SIS T 7 1 i) A sl S 43
B, AR [FFHAE SRR AR A 3 5 SRR P IR B
L PEAE AR5, T v LA A 5 AR PR A
AR R IE IR, 3 DUl B X A 1
L 2 el S5 - J A0 v X2 3001 1 2R
A R R W — AL T, 1 R
FEE N, ARV AR RATAT T R e & 23
(Carrara et al. 2015, Garcia-Girdn et al. 2020);
FAh, DR AR EYI A S B, A RERR
FEHE KR B 244K 58, W Swenson & (2016)
PRFTWIC 2 A6 56 - B8 R R =5 5 B 7 T
RIS R, BEE AN FERIH 0, W KU
ARIjReZ G T, DiRe R HA S E T

X 3R
ZRO o

ZE FRTIR, AT AT E KA [ 8

H-JEA A X — R 13 H 428 114 701
J, FEH 7O IS SR £ R A,
NN T S5 SR A CR A R BRI T S5
S e IR, A S RBEIE T Re A (R A
VIFPTEZ 25 6] P4 (1 SR AR FEFE #BE A =F 5 1
BTG, E A A 1] 86 K s2 PR i PR
i, XA XA SRR, R AR
T gEs, ARVERA IR F LA T
A —Thaeas 8], RIS S R FRE 225 (8] N 19 55
A3 52 AR SR A £ FH BR 1«
Bt O AR BRI R A W R
AN AR HL oy o L A e ot A A S o T
RO, W, E|kA. iR, DNES N
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Appendix 1 Information of 30 survey pointsand 24 infrared camera sites

BB s i | SPRBULA i R
Survey points Longitude (E) Latitude (N) Altitude (m) sites Longitude (E) Latitude (N) Altitude (m)
ZYLO1 99°58'38.9" 27°50'45.8" 3871 10 99°58"22.0" 27°51'10.0" 3884.7
ZYL02 99°58'47.3" 27°50'37.8" 3861 28 99°58'43.6" 27°51'18.1" 3756.1
ZYLO03 99°59'0.8" 27°50'31.0" 3877 36 99°58'12.9" 27°51'28.2" 3905.6
ZYL04 99°59'7.3" 27°5021.9" 3860 50 99°57'39.9" 27°4922.1" 3671.8
ZYLOS5 99°56'42.9" 27°53'56.0" 3 664 51 99°58"28.4" 27°49'49.6" 3628.0
ZYLO06 99°56'59.4" 27°53'53.5" 3706 52 99°58'47.5" 27°49'43.7" 3611.7
ZYLO07 99°57"21.7" 27°542.1" 3693 53 99°59'16.2" 27°50'8.1" 3596.0
ZKHJO01 99°58'21.4" 27°50'50.9" 3894 54 99°58'47.1" 27°50'47.4" 38744
ZKHJ02 99°5929.7" 27°50'10.8" 3818 55 99°57'47.4" 27°52'47.1" 3778.8
ZKHJO03 99°59'48.4" 27°49'51.3" 3742 56 99°57'28.4" 27°49'38.4" 3675.5
ZKHI04 100°00'9.2" 27°49'57.8" 3746 57 99°57'30.9" 27°50'40.8" 37732
ZKHJO05 99°57'19.6" 27°52'46.7" 3565 58 99°58'37.8" 27°50'48.7" 3897.1
ZKHI06 99°56'11.3" 27°53'57.2" 3643 59 99°5929.3" 27°5029.4" 3831.1
GYHPO1 99°56'14.2" 27°54'6.6" 3621 60 100°00"1.4" 27°50'11.7" 37452
GYHPO02 99°56'24.3" 27°54'3.1" 3603 61 99°59'59.5" 27°50'40.9" 3768.4
GYHPO03 99°57'18.0" 27°54'14.1" 3647 62 100°0'15.5" 27°49'31.3" 3512.1
GYHP04 99°59'56.5" 27°49'16.6" 3541 63 99°58'7.9" 27°52'52.2" 37725
GYHPO05 99°59'41.0" 27°4920.7" 3535 64 99°58'5.9" 27°53"28.0" 37904
GYHP06 99°58'36.3" 27°4929.7" 3545 65 99°58'9.4" 27°54'11.8" 3803.8
GSCDO1 99°58'45.8" 27°52'27.4" 3670 66 99°57'53.7" 27°54'3.9" 38332
GSCD02 99°59'3.5" 27°51'54.5" 3611 67 99°59'9.9" 27°5027.9" 38304
GSCDO03 99°59'31.6" 27°51'44.7" 3642 68 100°00'6.1" 27°50"7.8" 3726.5
GSCD04 99°59'54.6" 27°51'39.9" 3628 69 100°00'6.1" 27°50'7.8" 37253
GSCDO05 100°00°0.7" 27°51'17.6" 3 646 70 99°59'50.2" 27°51'54.3" 3 640.6
GSCD06 99°57'1.9" 27°49'17.8" 3548
GSCDO07 99°57'14.7" 27°52'30.4" 3528
GSCDO08 99°56'50.7" 27°52'14.4" 3509
GSCDO09 99°56'15.2" 27°51'54.3" 3498
GSCD10 99°55'58.9" 27°5123.8" 3460
GSCD11 99°58'0.8" 27°4929.4" 3535

ZYL FoREr bk, ZKHT R4 H-R20K: GYHP ARE = 5 : GSCD Rk m i,
ZYL stands for coniferous forest; ZKHJ stands for mixed coniferous broad-leaved forest; GYHP stands for plateau lake; GSCD stands for

alpine meadow.
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Appendix 2 Diagram of four morphological traits of birds
+ZYLO1 2.0 t ZYLO2 2.0 | ZYLO3
1.5+ 1.5¢
1.0+ 1.0+
0.5¢F 05+
1 2 3 4 s 1 2 3 4 s 1 2 3 4 s
FZYL04 1.0 | ZYL05 3.0  ZYLO06
L 08} 2571
L 0.6 20
| ol L5t
’ 1.0r
B 02 05+t
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
FZYLO7 6 | ZKHI03 2.0 | ZKHI04
St 15}
41
r 1.0
3t
i 2t 051
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
- ZKHJO05 2.0+ zkHI06 FEHIKEL Survey repeats
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L 1.0}
L 05¢
F/ ) ) ) ) 0 L/ ) ) ) )
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FH IS Survey repeats HE IR Survey repeats

PR 3 PARHARARA S5 R SRR i R AN Bl R

Appendix 3 Species accumulation curve of wintering season bird communities belong to two forest habitat

ZYLO1 ~ ZYLO7 Frngt AR a7 ANBE R, ZKHI03 ~ ZKHI06 R TR AT 4 ANFE S

ZYLO1 - ZYLO7 represents seven sample sites in coniferous forest, and ZKHJ03 - ZKHJ06 represents four sample sites in mixed coniferous and

broad-leaved forest.
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Appendix 4 Pearson correlation coefficient of the 15 functional traits
R ARG TR E PP L BIAFAE IEAI SRR R, IO RARTARK R [ BN A2 Pearson MHSE R HL, FREAPI < 8]
Ak 5 55 Y 15 PR/
In the figure, orange indicates that there is a positive correlation between each functional trait, while blue indicates a negative correlation. The data

in the circle is Pearson correlation coefficient, and the correlation between the two index pairs is represented by the size of the circle.
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S Grus nigricollis PR Ciconia nigra

H Y3 Haliaeetus albicilla

M7 EEHEEXAEMEEE- BRI X s MEXR—RERRFLHE
Appendix 7 Photographs of the five National Class| protection birdsrecorded in Bita
Lake-Shudu L ake region of Potatso National Park



