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Abstract

Darwin(1859) and McArthur’s (1972) classic hypothesis for the elevation range

limit stated that competitive interaction drives the lower elevation range limits of

montane species, and physiological stress prevents low-elevation species from

expanding to high elevation. However, factors that limit species’ elevation range are still

poorly understood. We tested McArthur’s hypothesis of elevation range limits in two

carrion beetles with distinct life history traits: Nicrophorus nepalensis, a habitat

specialist, and Calosilpha cyaneocephal, a habitat generalist. We found that

physiological constrains drive the lower and higher elevation range limit of C.

cyaneocephal, whereas competition with maggots was found responsible for the lower

limit of elevational range of N. nepalensis. Contracting to McArthur’s classic

hypothesis, our findings show that different life history traits between species may

explain the different constrains in lower elevation range limit: habitat specialists may be

more susceptible to biotic factor than habitat generalists. Our study of elevation range

limit can help us understand species distribution pattern and better predict the species

responses to climate change.

Keywords: elevation range limit, life history trait, carrion beetle, habitat generalist,

habitat specialist
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FREHDRASIAFLARFRAEEE LT > AP AROT AL FEF A

MAE R A B R AE S R AL S AT R ES (GLMM -

- =38 P=0.033 > t£ %53 > P=0.012) (% 6~ B 10a)° 3932 E f s
SHFILAHRYRE AT FHYNORFFELE L AKRPARLEYE S F (GLMM >

e 5gdl > P=0.407 /23 - =x7 > P=0.001) (% 7~ & 10b)-

CEAR PRSI AR H S

F|F LA PRz d RS AR

PARREREZ TR AN FREEFMOINRB ST (GLMM > R R fEsFEE p
BRI E* >P=0013) (B 11)cd >t 4@ ER I p F5 1Pk B0 5
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F 1~ A2 BFHAHRRF FFF ORE
ATmax * 4% p 2 7 B A RFE » ATmin £ &% p 5 8 & $ 8 » ATmean
REEp g F TEER DTRy %% p 3 % & £(GLMM, n=190, habitat type:
FHe=l, B RE=0)

I:’Elevation I:)Habitat type I:)Interaction
ATmax 0.003 <0.001 0.002
ATmin <0.001 <0.001 0.145
ATmean <0.001 0.130 0.435
DTRuir 0.377 <0.001 0.039
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2 2 AR BEAHBER N RPFARE

N RAREERS QB E R LA A IO LA Tl 3 B ) v

AYOTs 2 R JAY PR R R Z F 0T TR A gy o B R

WA FE AR P FE R A 3 ' (GLMM, n=188, Species: £ p f
m¥E B =1, =% #=0; habitat type: #+k=1, B B #=0)

Variables x’ Df Pr(>x?
Elevation® 7.61 1 0.006
Habitat type 5.12 1 0.024
Species 7.07 1 0.008
Species x Elevation? 7.61 1 0.006
Species x Habitat type 5.45 1 0.020
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3R RFAHL D EEFLNRP I D

() AR REMAUHLPERAFLNRPIARF I L PR AT L
AL T R G RN FIP AR AP AR 2 IR o d AN ARE R
W LT Fn BB N EREHAY FFAFF LI 7% (GLMM, n=123, habitat
type: Zth# =1, BR#=0): % (b) 24 HRFARAFHREL Y L AFREAIR
B3 OB F (GLMM,n=66) > % (¢) 5 AMXBAHFRE Y Lip R EL NRP
FenR o d MRS SR A Y 2 R E > Bl R 2 xR - =R (GLMM, n=57)
(habitat type: #tf =1, B B+ =0)

(a)
Variables x’ Df Pr(>x?)
Elevation® 3.34 2 0.188
Habitat type 1.19 1 0.275
Elevation’x Habitat type 9.86 2 0.007
(b)
Variables Estimate Std. Error Z value Pr(>|z|)
Elevation 2.50 2.20 1.14 0.255
Elevation? -6.66 2.49 -2.68 0.007
(©)
Variables Estimate Std. Error Z value Pr(>|z|)
Elevation -1.46 2.36 -0.26 0.536
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K g
AR R A EES D EIRRNGIEE B - DI il s Pl
LA s TR R AR e r AR ST 0 d A R AR R T e
PRETERMHCAY 2 RF A K F LT F% (GLMM, n=65, habitat type: 1k

=1, BR=0)

Chisq Df Pr(>Chisq)
Elevation 8.23 1 0.004
Elevation® 11.43 1 <0.001
Habitat type 0.53 1 0.465
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2 5~ A2 e AHEE LRSS F AR
dRAERERG COJEE R AR SAF A LA F ot BRI P A
F 0 2 I AP BT FSF BRI R E R Fgm p (GLMM, n=170,
Species: £ ip fi 2% & =1, =592 % # =0; habitat type: -tk =1, B =0)

Variables x° Df Pr(>x?
Elevation 2.28 2 0.320
Habitat type 2.32 1 0.128
Species 4.90 1 0.027
Elevation’ x Habitat type 1.72 2 0.424
Elevation? x Species 457 2 0.102
Habitat type x Species 6.13 0.013
Elevation? x Habitat type x Species 6.38 2 0.041
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26 ARZFEFFAUAHRLPEREAT A F BT
BRI ERE R LA OLS T R LA FI L B i) ¢ A O 2 K
d MR B EAFORIIEY AEF R HEAY 2 F T (FR

p
(GLMM, n=123, habitat type: #+k# =1, BB =0)

Variables Estimate  Std. Error z value Pr(>|z|)
Elevation -7.46 5.24 -1.42 0.155
Elevation? -10.50 4.93 -2.13 0.033
Habitat type 2.38 0.95 2.52 0.012
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273 EFEUAH B EZAST A TR Y
ARZBEFFIARCGBEFLR A A FORPE d AR RE AR 0T
FARE o CEMERAY 2 RT A LI P (GLMM, n=64, habitat type: #i

=1, BRE=0)

St

Chisq Df Pr(>Chisq)
Elevation 8.62 1 0.003
Habitat type 10.17 1 0.001
Elevation x Habitat type 0.69 1 0.407
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308 Meq TG HIME R D IRAS K P
ATmax %% p 7 § £ & &% E > ATmin i+ £
AEp L2 FTEER DIRy &5 p 35 R

5
2

P 7 & &R ME » ATmean i

RipEREA LR EL
Variables Estimate Pr(>|z|) Estimate Pr(>|z|)
ATmax -11.289 0.006 0.752 0.003
ATmin -0.970 0.813 0.555 0.052
ATmean -6.845 0.098 1.254 0.001
DTRuir -9.011 0.026 0.493 0.007
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% O Mo i F T HRER RS F DR
ATmax * 45 p 3 5 B AR EKFE > ATmin 8 &5 p 7§ 8 A& & § - ATmean &
& 2 2;{«’:"&:3/1‘2& ’ D-I_Rairf‘t%\"/‘?k 2 2;{71.&3.%.

>

g
]

RpERES EHBEER
Variables Estimate Pr(>|z|) Estimate Pr(>|z|)
ATmax -9.358 0.037 10.49 0.003
ATmax? - - -13.39 <0.001
ATmin 11.488 0.034 7.44 0.009
ATmin? -9.309 0.087 -5.33 0.059
ATmean 1.301 0.782 9.79 0.001
ATmean? - - -13.11 <0.001
DTRair -15.656 0.002 6.47 0.043
DTRair? - - -9.95 0.002
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