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Abstract

Aims Mountains contain broad environmental gradients, which are to be an outstanding universal value
representing significant on-going ecological and biological processes in the evolution and development of zonal
vegetation along the elevation gradients. Exploring the biological and ecological value of the vegetation zonation
along the elevation gradients of Chinese mountain natural heritage site is important for biodiversity conservation
and management.

Methods Based on the community survey data of the six vegetation zonation along the elevationa gradientsin
Shennongjia, the global land use dataset, and the literature data of the communities along the altitudinal gradients
of other natural heritage sites and the nominated world natural heritage sites in Oriental Deciduous Forest
Biogeographic Province by Udvardy, we explored the outstanding universal value of the zonal vegetation along
the atitude gradients by the methods of spatial analysis.

Important findings Shennongjia heritage site preserves the intact vegetation zonation of the typical Oriental
Deciduous Forest Biogeographical Province in the Classification of the Biogeographical Provinces of the World
by Udvardy, including evergreen broad-leaved forests (South Slope of the Heritage Site), evergreen deciduous
broad-leaved mixed forests, deciduous broad-leaved forests, coniferous and broad-leaved mixed forests, coniferous
forests and subalpine shrub and meadow along the elevation gradients. The altitudinal zonation of vegetation in
the Shennongjia heritage site represented a variety of bio-ecological processes, such as the turnover of the
dominant trees along the altitudinal gradients, and is an outstanding example of the ongoing ecological processes
occurring in the development of intact subtropical mixed broadleaved evergreen and deciduous forest in the
Northern Hemisphere.
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Tablel Overview of Shennongjiaand its counterparts in the same latitude

E % Hh X L=k & A R EPRIE ERKE AR e Bt
Country Area Vegetation  Location Altitude Mean annual Mean annual  Dominant species Soil type
type (m) temperature  precipitation
(C) (mm)
Ly Fiiees W AR HRE 31.27° N, 1670 10.6 1200 KKEN, HX 1L b B A
China Shennongjia Mgk 11048°E Fagus engleriana, Mountain yellow brown
Evergreen Cyclobalanopsisglauca  soil
deciduous
broad-leaved
mixed forest
H AINFEEAE 4Rk 2658°-35.5° 250-1100  13-21 13002500 Castanopsiscuspidata, — fidfE
Japan H, PO, Evergreen N, 130°— C. cuspidate var. Brown soil
JLM AN ER  broad-leaved 140° E Siel_)(_)l dii, Quercus
2L forest sali cina, ‘Q. acuta, Q.
sessilifolia, Machilus
The south- thunbergii
ern lowlands
of Honshu,
north part of
Shikoku,
Kyushu and
Ryuryu
FEEL BOR HiiEEE BErEgE 30.25°- 3002800 16-20 300-1000 Quercuscoccifera, Q. £ eI
F. PEEEF. Mediterran- -k 45.83° N, ilex, Q. suber, Pistacia  Red soil and yellow soil
o ean Sclerophyl-  0°-30° E lentiscus
France, lousevergreen
Italy, Spain, broad-leaved
and Greece, forest
*H KA Rk 35.6° N, 1830 12 1270-2030 Quercushborealis, Tilia 1111
USA Great Temperate  83.48° W heterophylla, Betula Mountain brown soil
Smoky broad-leaved alleghenicnsis, Acer
Mountains  forest rubrum
Jedk BOGHPE SRR 25°-35°N, - >30 90-450 SEWE, HE, =1 ARCEB). BRI
North Africa b Desert 15°W-50° E HE, mEH)E, B8  Rock desert (rock desert),
North of the Acacia, Artemisia, gravel desert and desert
SeharaDesart Aristida, Eragrostis,

Panicum

FerhBORZ 5 UNESCO'R 75 M i (http://whc.unesco.org) B e LA K AHSS SCRR, 4] K,(2006).

Information in the table is from UNESCO officia website (http://whc.unesco.org) and related published literature, e.g., He (2006).

Bl ABk30°-35° Nty b 4y i i iR S AR AR 23 (AL AR TR A HE) o
Fig. 1 The distribution of evergreen deciduous broad-leaved mixed forests (red areas) along the belt of 30°-35° N in the Northern

Hemisphere.
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MEMK; 34, LZLMERK; 35, HR1lda LA, ZLMEAK; 36, fRilida. LMK, 37, HAEEEAEAN. v ILAs . WIALTEMGEE A ; 38, Bl
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45, FROFEN; 46, EIE =FR, Ky, BT HEFEM. BFRIERIMAELRIFESHEH HH(2002).

Fig. 2 Thedigribution of main plant formations in Shennongjia along the elevation gradient. Capital English |etters represent verti-
cal vegetation zones: A, subtropical zone of evergreen broad-leaved forest; B, north subtropical zone of Mixed evergreen and de-
ciduous broad-leaved forest; C, warm temperate zone of broadleaved deciduous forest; D, temperate zone of mixed broadleaf-conifer
forest; E, cold temperate zone of coniferous forest; F, subalpine zone of shrub meadow. The abscissa represents different formations:
1, Form. Chimonanthus praecox; 2, Form. Phoebe zhennan, Cyclobalanopsis gracilis; 3, Form. Coriaria sinica, Cotinus coggygria
var. pubescens; 4, Form. Pinus massoniana, Quercus variabilis, 5, Form. Cunninghamia lanceolata; 6, Form. Quercus variabilis; 7,
Form. Lindera communis, Cyclobalanopsis gracilis, Platycarya strobilacea, Betula luminifera; 8, Form. Pinus massoniana; 9, Form.
Quercus acrodonta; 10, Form. Cyclobalanopsis oxyodon, Sycopsis chinense, Quercus engleriana, Cyclobanopsis myrsinaefolia; 11,
Form. Quercus philyraeoides, Q. acrodonta, Carpinus sp., Platycarya strobilacea; 12, Form. Juglans cathayensis; 13, Form. Quercus
variabilis, Q. aliena var. acuteserrata, Castanea segyinii; 14, Form. Quercus engleriana, Cyclobalanopsis oxyodon, Betula luminifera,
Platycarya strobilacea; 15, Form. Quercus spinosa; 16, Form. Quercus glandulifera var. brevipetiolata; 17, Form. Castanea seguinii;
18, Form. Pinus henryi; 19, Form. Betula luminifera, Platycarya strobilacea, Carpinus sp.; 20, Form. Pinups armandii, Betula utilis;
21, Form. Quercus aliena var. acuteserrata; 22, Form. Abies chensiensis; 23, Form. Corylus heterophylla var. sutchuenensis, Vibur-
num opulus var. calvescens, Malus hupehensis; 24, Form. Carex sp., Sanguisorba officinalis var. longifolia, Anaphalis sinica, Gera-
nium henryi; 25, Form. Rhus verniciflua, Quercus acutidentata, Cornus controversa, Platycarya strobilacea; 26, Form. Miscanthus
sinensis, Pteridium aquilinum var. latiusculum; 27, Form. Lespedeza formosa, L. buergeri; 28, Form. Carex sp., Juncus concinus,
Sanguisorba officicnalis var. longifolia, Chamaenerion angustifolium; 29, Form. Pinus armandii, Querus aliena var. acuteserrata; 30,
Form. Pinus armandii; 31, Form. Fagus engleriana; 32, Form. Abies chensiensis, Picea wilsonii; 33, Form. Quercus aliena var.
acuteserrata, Fagus engleriana, Betula albosinensis; 34, Form. Betula albosinensis; 35, Form. Pinus armandii, Populus davidiana,
Betula albosinensis; 36, Form. Pinus armandii, Populus davidiana; 37, Form. Salix carprea var. inica, Crataegus wilsonii, Sorbus
hupehensis; 38, Form. Abies fargesii, Betula albosinensis, Acer sp.; 39, Form. Salix cupularis; 40, Form. Berberis dasystachya; 41,
Form. Sinarundinaria nitida; 42, Form. Cotoneaster horizontalis; 43, Form. Abies fargesii; 44, Form. Rhododendron fargesii; 45,
Form. Sabina pingii var. wilsonii; 46, Form. Trisetum clarkei, Festuca rubra, Deyeuxia scabrescens. Formation distribution along the
elevation was based on Tian (2002).
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Fig. 3 Sketch map of Shennongjia mountain. A, Shennongding, the summit of the heritage site with the elevation of 3 106.2 m; B,
Xiaguping, the lowest point of the south dope of the heritage site with the elevation of 400 m; C, Hanjiaping, the lowest point of the

north slope of the heritage site with the elevation of 600 m.

PP DA K L VA A2 S SR T BT R PR . i A B
TR AR T E BRI R ARG, Wk 2LAERS . &
RS EEAT RIS o B A, D ReE AR KRR, &R miE
£ ERZS T

PA SR B SR L ARORG P B AN RIS B 7T A 1Y)
NVNREE, R TR J7 iR A b P 24 AN [F] D e
ANVIRBE RO IR B E Bl B . AR
L, MR BT R R R R 2
o A pi B ol N U AR R BE b B A [ 3R B 2k A
(Hodkinson, 2005; Sanders et al., 2007; McCain,
2009). AN[E Dy RERE RIS o0 A T AN [F (P g4k s
FhBh ) 54— € BHEAR G B 5F 5 FoAth 2R 1) P A LA
— € % J¥ L47 (Hodkinson, 2005). fifiAk 48 [ 4R it
iR A B R, SRR AR P 0 LB A
W% (Macaca mulatta). B (Crocidura spp.). & #Y
(Pica pica). ZE(Hirundo rustica)&. FfisE 4kt
e, LRI N SR FE VS AR AT R B Pz
W FE R AT AR LU VA A2 PROR i L VR AR ) A 1)
F E B WSAE N 4 22 (Rhinopithecus roxellana) « Z&
I 5, e (Ochotona huangensis) % 5424 DL % 3 2k 4
(Carpodacus spp.)~ #7111 4 (Parus dichrous). 7k -k
K4 (Pyrrhula erythaca)%s & 25(2= L HH4E, 2003; #
W, 2014).

PRAR R B ORI PR T _E AN TR B N
TRV R AR, FEOR T AR DT I
AW B () 3R S YA P B A AR A ) A
YRR IR WK, LA A R ) b
S SR 0 P Tl AR 5 o A A o P AR Ak
AR A5 4K (Olson, 1994; Gonzalez et al., 2007;
Bahram et al., 2012) . L85 € I AE VI RET R o0 A
T I F (Gomez-Hernandez et al., 2012).
358 5 WSO ) T 2 RS T AR 2 AR A B AN
Z(Palin et al., 2011), {H &) 5) fife & i Fh 28
BRI R, IR RE Y DI Re R AR =
A 2 R BE g HROBE B A2 ALt L LR 2% (Olson,
1994). W5 RIM, FLBH 54 B A & LU RE iR T
FMAE K (Wagai et al., 2011), X 322 A ik
M s 70Kk, DA N E R E VR 0 3%
I3 A8 PA BE BT M odE N AN R B8 2% 1R (Wardle,
2002).

PO SR b e AR R A EL S, A8y
RFIERER T AR B X R o AR 7 V& AR A4
P P L R R T AT U ) e R A R A
YIRS, RARTTEM AV (LA
RGHEH I AR FE RN RARLII . A,
A R B R IGE M e B AR AR T B R O AR
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